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Abstract
In English, a rising intonation can turn a word into a question. Offering someone a coffee, for
instance, involves simply saying “coffee?” with a rising pitch. Such intonational tunes carry
both phonological properties (e.g. an LH rising contour) and semantic functions (e.g. offering).
In tonal languages, however, where pitch already serves a lexical function, it remains unclear

how intonational tunes are planned and represented, and how they interact with lexical tones.

This thesis investigates the status of intonational tunes in Guanzhong Mandarin (GuanM), a
northern Chinese dialect with four lexical tones, and their interaction with lexical tone through

two production studies, a perception study, and a psycholinguistic study.

The production studies, which used disyllabic words both in isolation and within longer
utterances under focus, establish that syntactically unmarked yes-no questions in GuanM are
characterised by a global high pitch register and a high boundary tone aligned with the right
edge of the intonational phrase. This boundary tone is phonologically rising but results in
different phonetic realisations of the phrase-final syllable: it enhances rising contours, converts
level tones into rising contours, and prevents falling tones from completing their downward
trajectories. Crucially, lexical tonal categories remain intact under question intonation even
after lexical tonal alternation, indicating that intonation does not override lexical tone but is
instead superimposed on the tonal system, affecting the phonetic realisation of tones without
compromising their underlying phonological identity. Statements, by contrast, display a global
low pitch register with declination. Focus is primarily marked by greater intensity and a faster

speech rate, rather than by pitch.



This superimposition also has consequences for perception. Using the AX discrimination
paradigm, the perception experiment shows increased perceptual difficulty and reduced
discrimination sensitivity when lexical tone and intonational tune share similar pitch

trajectories, particularly when both exhibit rising contours.

Finally, the psycholinguistic experiment returns to how tunes are planned and represented.
Using the picture-word interference paradigm, it suggests that intonational tunes are accessed
during early conceptual planning, setting up prosodic expectations that shape subsequent
lexical retrieval. Different lexical tones interact differently with the interrogative tune, with

retrieval facilitated when a tone’s contour aligns naturally with the intonational structure.

Together, these findings establish the intonational system of GuanM and show that, in tonal

languages, intonational tunes function as abstract prosodic templates: activated early in speech

planning and interacting with lexical tones throughout production.
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Chapter 1 Introduction and Background

1.1 Classifications of Chinese Languages

China has a vast territory and is rich in languages and dialects, with over 200 dialects spoken
by millions of people across the country. Languages and dialects are reflections of society,
history, and identity. The study of these dialects provides opportunities to investigate
fundamental questions of linguistics, particularly in phonology and phonetics, such as tone and
intonation, both in terms of language-specific features and universal linguistic principles. This
thesis focuses on the prosodic systems, particularly the interaction between tone and intonation,
of Guanzhong Mandarin (hereafter, GuanM), a variety of Mandarin, with broader implications

for phonological theory.

Chinese dialects are categorised predominantly into either seven or ten groups (the latter
classification has gained popularity in recent years). Criteria for classification are based on
diachronic changes, including the phonological systems of most Chinese dialects that have
existed since the Middle Chinese period!, and on synchronic aspects, including differences
between modern dialects and their specific contemporary phonological and lexical features
(Kurpaska, 2010). The seven major dialect groups are Mandarin, Wu, Xiang, Gan, Hakka, Min,
and Yue, as documented in Li and Thompson (1981) and Ramsey (1987). However, since the
publication of the Language Atlas of China (Wurm et al., 1987), the classification into ten
groups including the three new groups, Jin, Pinghua, and Hui, has gained support from state
officials. This ten-group classification provides a comprehensive framework for understanding
linguistic diversity in China, while recognising both the preliminary nature of dialect

classification and the existence of varieties that remain unclassified, such as Shaozhou patois

! Min split off already in the Old Chinese period.



and Waxiang. It also reflects the historical processes that have shaped the development of
Sinitic languages (Chappell, 2001). The geographic distribution of these ten dialect groups is

illustrated in Figure 1.1.

o
®,
Chinese dialect groups anjing

hanghai
Bl Mandarin 836 million (worldwide) P eShanghai
B Jin 45 million (usu. grouped with Mandarin) eHangzhou

= wu 77 million

B Hui 3.2 million (usu. grouped with Wu)
[ Gan 31 million

[@ Xiang 36 million

= Min 60 million (incl. Taiwanese)

[ Hakka 34 million (worldwide)

Bl Yue 71 million (worldwide)

Bl Ping 2 million (usu. grouped with Yue)

Figure 1.1 Map of Chinese dialect groups (adapted from Wyunhe, 2011)

Mandarin can be further divided into eight subdivisions: Northeastern, Beijing, Jilu, Jiaoliao,
Central Plains, Lanyin, Jiang-Huai, and Southwestern Mandarin (Wurm et al., 1987). Of these,
Putonghua “common language”, or Standard Chinese (SC), was established based on the
northern dialects, particularly the Mandarin dialects, with Beijing pronunciation as its phonetic

basis (Kurpaska, 2010). The terms SC, (Standard) Mandarin, and Putonghua are used



interchangeably throughout this study. SC is the most prominent variety within the Mandarin
family and shares a common logographic system with other Mandarin varieties while

maintaining substantial lexical and syntactic similarities.

1.2 Shaanxi Province and its Dialects

In Figure 1.1 above, the circled area highlights the Xi’an region of Shaanxi Province where
GuanM is predominantly spoken. Xi’an, the capital city of Shaanxi Province located in
northwestern China, has played a critical role in Chinese history as the starting point of the
ancient Silk Road and the home to 13 Chinese dynasties. With a population of over 39 million
in Shaanxi Province?, of whom approximately 13 million reside in Xi’an, the region has a
variety of dialects. The Jin dialect dominates the northern prefectures, including 19 towns
(Xing, 2007), while Central Plains Mandarin, to which GuanM belongs, predominates in the
southern prefectures. The southern prefectures also contain small populations of Southwestern
Mandarin and Jiang-Huai Mandarin speakers. The term GuanM, also known as the Xi’an or
Guanzhong dialect, has both a narrow and a broad interpretation. Narrowly, it refers to the
variety spoken in Xi’an itself, more broadly, it encompasses varieties spoken across the
surrounding region, including Gaoling, Lantian, Weinan, and Baishui (Xing, 2007).
Furthermore, GuanM has two distinct sub-dialects, which are the Xifu dialect, spoken in
western prefectures such as Baoji, and the Dongfu dialect, predominating in the eastern
prefectures including Xi’an, Xianyang, and Weinan. The latter, the Dongfu dialect, widely
regarded as the representative of GuanM, is the primary focus of the present investigation.

Figure 1.2 presents the distribution of dialects within Shaanxi Province based on Xing’s (2007)

2 The data were sourced from the official website of the Shaanxi government (https://www.shaanxi.gov.cn/).
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descriptions, highlighting the distinctions between the Dongfu and Xifu dialects, as well as

among other dialect varieties found in the province.

= Jin

» Southwestern Mandarin

» Jiang-Huai Mandarin
Dongfu dialect

= Xifu dialect

Figure 1.2 Map of the distribution of Shaanxi dialects

1.3 Attitudes towards SC and GuanM

Since the establishment of the People’s Republic of China (PRC) in 1949, the standardisation
and promotion of a unified Chinese language have been key aspects of China’s language policy.
The Central Committee for Language Reform, established in the same year as the PRC,
proposed the adoption of Northern Chinese dialects as the basis for a standardised national
language, driven by the need for cohesive linguistic standards to improve national literacy and

communication.



Over the decades, the promotion of SC has progressed through three critical stages that firmly
established SC (Putonghua) as the national common language across education, administration,
media, and public communication. The first milestone was the official recognition of
Putonghua as the standard form of Chinese in 1956 by the State Council in Promoting
Putonghua’s guidelines, which marked the beginning of institutionalised language
standardisation. The second phase started in 1982 when the Constitution recognised Putonghua
as a legal requirement under Article 19, leading to extensive language standardisation mandates
in educational laws and regional autonomy statutes. Government media also adopted
Putonghua as the official broadcast language. The third phase commenced in 2000 with the
Law on Standard Spoken and Written Chinese Language, which consolidated the status of
Putonghua and established detailed implementation guidelines across education, media, and
public administration. Local governments subsequently enacted corresponding regional
regulations (J. Yang, 2019). By the end of 2021, the PRC’s Ministry of Education set a goal to
have 85% of China’s population speak Putonghua fluently by 2025. On June 28, 2022, the
Ministry announced significant progress, as 95% of the educated population now uses

standardised Chinese characters, and the illiteracy rate has dropped to 2.67%?.

As SC becomes more widespread in daily life, it is common for people to alternate between
SC and their local dialect. This pattern also applies to residents of Shaanxi Province, who
engage in daily code-switching between SC and GuanM. H. Zhang et al. (2017) discovered
that SC prevails in formal and professional settings, with just 3.19% of participants using only
GuanM in the workplace and 37.93% using both varieties. The use of SC mainly appears

among younger generations who often view GuanM as obsolete or unsophisticated. Moreover,

3The data were sourced from the official website of the Chinese government (https://www.gov.cn/).
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only 42.03% of participants fully understand GuanM, mainly those born between the 1950s
and 1970s, while millennial generations show considerably less interest or proficiency in
GuanM. Ren and Yang (2012) investigated attitudes and usage patterns of SC and GuanM in
Xi’an. Their findings showed that SC, carrying overt prestige, is regarded as the main pathway
for career and educational advancement. GuanM, by contrast, holds covert prestige and thrives
in informal settings like family conversations and local markets. This indicates a stable
diglossia in which both varieties serve distinct yet complementary social functions. Attitudes
towards both remain largely positive, with only 20% of participants reporting they use SC to
signal social dominance. The persistence of GuanM demonstrates the relationship between the
historical identity of Xi’an and present-day sociolinguistic pressures, as speakers engage in
ongoing negotiation between dialect maintenance and adaptation to SC in institutional settings,

particularly given the widespread bilingualism among speakers of GuanM and SC.

My personal language background has motivated this research. I spoke GuanM during my early
years, but my schooling and social interactions were mainly in SC. Eventually, this resulted in
a gradual shift: although my understanding of GuanM is still native-like, my active usage has
decreased dramatically. My personal journey of navigating between SC and GuanM, along
with observing younger generations show declining use of local varieties, has fuelled my

curiosity about exploring prosody in GuanM.

1.4 Research Goals of the Present Study

Chinese languages and dialects use lexical tones to convey different meanings, which sets them
apart from non-tonal languages. For example, the syllable [ma] in SC can mean ‘mother’ with
T1 (high-level), ‘numb’ with T2 (rising), ‘horse’ with T3 (dipping), or ‘scold’ with T4 (falling).

The tone is realised through variations in FO, the acoustic correlate of pitch. The FO pattern
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serves as the foundation for intonational patterns as well, which encode sentence-level
meanings like focus, emotion, or modality. In tonal languages like Mandarin, FO serves a dual
function, conveying both lexical and post-lexical prosodic information simultaneously.
Separating these two components can be difficult because it requires identifying the acoustic
features that correspond to tones, including pitch height, contour, and duration at the syllable
level, as well as identifying features that signal intonation, such as pitch range and boundary

tones at the phrasal level.

This thesis examines whether AM Theory, a widely used model for intonation, applies to tonal
languages like GuanM. The AM framework was originally developed for non-tonal languages,
by modelling intonation through pitch targets and hierarchical structures. Given the dual
functions of FO in tone and tune in Chinese languages, a key question arises: Can AM Theory
capture the tone-tune interaction in GuanM, or does it need refinements to accommodate the

prosodic features of the dialect?

To address this question, this thesis investigates the syntactically unmarked yes-no question
intonation in GuanM, focusing on tone-tune interaction and addressing gaps in current
phonological and prosodic studies of GuanM, since previous work has mainly relied on
impressionistic descriptions or historical documentation of tonal phenomena. This research
aims to formalise the analysis by incorporating both theoretical and empirical approaches.
Production studies draw on the AM framework; at the same time, perceptual and
psycholinguistic experiments offer complementary perspectives of tone-tune interactions from

different methodological angles.



Therefore, this thesis has two aims: (1) to formalise the prosodic study of GuanM through
theoretical frameworks and practical approaches, and (2) to enhance the overall understanding
of tone-tune interactions in tonal languages. By combining these research strands, the study
seeks to deepen our understanding of the prosodic system of GuanM while proposing broader
implications for linguistic theory. The following section outlines the thesis structure, with

section 1.6 then introducing GuanM in detail.

1.5 Structure of the Thesis

Chapter 2 provides the theoretical foundation for this thesis, Autosegmental-Metrical (AM)
Theory. It introduces the various intonation models and explains why the AM framework is
adopted. It also explores the development of the theory, tenets, phonetic realisation, and

application to Chinese languages.

Chapters 3 and 4 present production studies, examining the tone-tune interaction in GuanM.
Chapter 3 starts the empirical investigation by analysing the production of questions using
isolated disyllabic words, with the focus on tone-tune interaction in tonal alternation contexts.
The chapter includes a detailed acoustic examination by assessing FO parameters such as FO
mean, maximum, minimum, and range. It also measures intensity, duration, and the timing of
FO peaks and valleys. These measurements help us understand how intonation and tone work
in isolated contexts, which establishes the groundwork for more complex scenarios in later
chapters. Chapter 4 examines disyllabic words in the focus position within longer utterances.
It investigates the complex interactions among tone, tune, and focus using the same acoustic

measurements as Chapter 3.



Chapter 5 moves to perception, using an AX paradigm experiment to explore how listeners
process and interpret the relationship between tone and tune. The study examines how listeners
perceive question tunes while concurrently processing the tone-tune interaction, a task that
requires both storing and accessing tune details alongside lexical tones. It also investigates
whether listeners depend on particular acoustic cues such as pitch height, pitch contour, or

duration to distinguish the question tune.

Chapter 6 adopts a psycholinguistic approach to explore how the question tunes are planned in
relation to tone, using the picture-word interference paradigm. The study investigates the
processes involved in real-time speech production of tune, showing how speakers organise and
implement tunes while managing tone requirements. It also explores how semantic and
phonological auditory distractors during the picture-naming task affect the planning and

execution of tunes.

Chapter 7 brings together the results from all studies. It assesses whether the research goals

have been achieved and also explores wider implications for tone and tune interaction.

1.6 Guanzhong Mandarin
1.6.1 Consonants and Vowels
This section presents the segmental inventory, including vowels, consonants, and syllable

structure in GuanM.

GuanM has 23 consonants, as shown in Table 1.14.

4 In the table, vertical positioning indicates aspiration (unaspirated in the first line and aspirated in the second
line), while horizontal positioning represents voicing (voiceless on the left and voiced on the right).
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Table 1.1 Consonants in GuanM

Bilabial | Labiodental | Dental | Alveolar | Retroflex | Alveolo- | Velar
palatal

Plosive p t k

ph th kb
Nasal m n )
Fricative f v s s Z |6 X
Affricate ts ts te

tsh tsh teh

Lateral I
approximant

Some scholars propose a larger inventory of 25 consonants (e.g., Lan, 2011; Sun, 2007; Wang
& Li, 1996; W. Zhang, 2002) or 26 consonants (e.g., Beijing Daxue Zhongguo Yuyan
Wenxuexi Yuyanxue Jiaoyanshi, 2003). These discrepancies arise from treating context-
dependent allophones as distinct phonemes, most evidently in two cases. The first concerns the
nasals: the alveolar /n/ acts as the underlying phoneme, surfacing as [n] only when palatalised
by high front vowels (e.g., [ny52] ‘%, woman’; [ni24] ‘J&, mud’), while [n] appears elsewhere
(e.g., [nan24] ‘F4, south’). In Western GuanM and Southwestern Shaanxi dialects, the initial
[n] has shifted to [1] when preceding syllables with the vowels [a], [o], and [u], a feature that
distinguishes these varieties from SC (Sun & Fu, 2019). For instance, words include [lan24]

‘5, man’ (SC: [nan35]), [lu24] ‘%, slave’ (SC: [nu35]), and [lau55] “1%, mess’ (SC: [nav51]).

Second, the labiodental affricates [pf] and [pf'], segments absent in SC, are allophonic
variations of the retroflex affricates /ts/ and /ts"/. /ts/ and /s"/ undergo labiodentalisation when
preceding the rounded vowel [u] or diphthongs and triphthongs beginning with this vowel (Qi,

2011). Examples include words such as [pfu31] ‘¥, pig’ and [pf'u31] ‘i, out’. In all other
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environments, they surface as retroflexes [ts] and [ts"] (e.g., [tsau31] ‘3, trick’ and [ts™¥31]
‘%, car’). By recognising these complementary distributions of consonants, this study

maintains the consonant count at 23.

A further distinction between GuanM and SC is the presence of the voiced labiodental fricative
[v], which occurs syllable-initially in GuanM but is absent in SC. For instance, SC typically
realises words such as #& ‘sock’ and % ‘fog’ as onsetless syllables [ua51] and [u51],
respectively. GuanM speakers in regions like Qingjian, Zichang, and Yanchuan (Northern

Shaanxi) pronounce them with the [v] onset as [va31] and [vu55], respectively”.

As observed, there is no one-to-one correspondence between consonants in GuanM and SC,
although the two varieties share the same consonants in the majority of lexical items. These
differences can be traced back to the common ancestor, Middle Chinese. For example, both
varieties maintain a phonemic contrast between alveolar sibilants [ts, ts", s] and retroflex
sibilants [ts, ts", s], but in present-day GuanM, there are fewer characters realised with retroflex
sibilants than in SC. Specifically, syllables whose onsets derive from the Middle Chinese

retroflex sibilant series (44 Zhuangzu, Divisions II and III), the palatal sibilant series (Z 2
Zhangzu, 1-:4% Zhi rthyme class, Division III), and the retroflex stop series (%141 Zhizu,

Division IT) are nowadays pronounced with alveolar sibilants in non-labialised (J 1 I

5 At present, the realisation of onset [v] shows regional variation within GuanM. According to Sun and Fu (2019),
while most areas in Northern Shaanxi (including the aforementioned regions) alongside Baoji, Shangzhou,
Luonan, and Danfeng retain the [v] onset, other areas such as Linyou, Xunyi, and the majority of Southern Shaanxi
realise these syllables with the vowel [u].
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Kaikouhu) syllables®, whereas the corresponding syllables are realised with retroflex sibilants

in SC (Sun, 1997). An example of this comparison between SC and GuanM is given below.

Syllable Moy e B
‘residue’  ‘firewood’  ‘seep’
SC [tsa55]  [tstai35] [son51]
GuanM  [tsa31] [tshe24] [sen55]

The vowel inventory of GuanM consists of eight monophthongs (as illustrated in Figure 1.3),
eleven diphthongs, and three triphthongs. The diphthongs are [ia], [ie], [ie], [ye], [yo], [ua],

[uz], [uo], [ei], [ou], and [au], while the triphthongs are [iau], [iou], and [uei].

N\

Figure 1.3 Vowels in GuanM

1.6.2 Syllable Structure

The syllable structure of GuanM is similar to SC. Both follow a maximum ‘CGVX’ pattern. In
this template, C is an optional consonant. G is a glide ([j], [w]). V is a vowel. X is a nasal coda,
limited to [n] or [y]. Some scholars (e.g., Cheng, 1966; Howie, 1976; Zee & Lee, 2001) view

the pre-nuclear G component as a vowel (i.e., /i/, /u/, /y/, /w/) rather than a glide.

® Middle Chinese has 36 initial consonants according to the traditional classification found in rhyme books,
grouped by place and manner of articulation, which includes labials (e.g., #32H Bangzu), dentals (e.g., if2H
Duanzu), dental sibilants (f§2H Jingzu), retroflex stops (H14H Zhizu), retroflex sibilants (FF 28 Zhuangzu), palatal
sibilants (Z£H Zhangzu), velars ([l 28 Jianzu), laryngeals (520 Yingzu), etc. The “divisions” (% Deng) refer to
a four-way classification of Middle Chinese syllables based on vowel quality and the presence of medial glides
(see Baxter, 1992). ‘- [ Kaikouhu’ syllables are pronounced with an open mouth, without the lip rounding of

[ul/[y] or the tongue fronting of [i]/[y].
12



GuanM and SC differ in one important respect concerning the distribution of the velar nasal
[n]. In SC, [g] cannot occur in onset position, whereas in GuanM it can function as an onset
consonant, followed by vowels such as [a], [¥], and [a]. This feature is preserved from Middle

Chinese (Y. Wang, 1995). The distinction is exemplified in several words: ‘goose’ (¥9) is
realised as onsetless [¥35] in SC but as [5024] in GuanM; ‘safe’ (%) appears as [an55] in SC
but as [gan31] in GuanM; and ‘kindness’ (1) is pronounced as [on55] in SC but as [non31] in

GuanM.

1.6.3 Tonology

1.6.3.1 Lexical Tones

Chao (1930) developed the five-point tone system, which is a numerical framework for
representing pitch contours in tonal languages. The system divides the pitch range into four
equal parts, creating five distinct levels: 1 (low), 2 (half-low), 3 (mid), 4 (half-high), and 5
(high), which captures lexical tones by using two or three numbers. As mentioned earlier, in
SC, the syllable [ma] can convey entirely different meanings depending on its tone. With T1

(55), it means ‘4%, mother’. With T2 (35), it means ‘J#k, numb’. With T3 (214), it means ‘ 1},

horse’. With T4 (51), it means ‘5, scold’ (Chao, 1968).

GuanM also has four lexical tones, the same number as SC. However, researchers have
suggested different tone values based on the 5-point scale. The value of T2 is mostly the same
in all studies, but the values of the other tones vary. Table 1.2 displays the various tone values
proposed by researchers on GuanM. Although there are some differences in values, the

majority of researchers agree that the four tones in GuanM are characterised by these
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fundamental pitch patterns: T1 is generally characterised by a low falling pitch; T2 represents
an ascending tone; T3 is a high falling tone; and T4 is a high-level tone. This thesis adopts the
tone values proposed by J. Y. Zhang and Shi (2009) and by Sun and Fu (2019): T1 =31, T2 =

24, T3 =52, and T4 = 55.

Table 1.2 Summary of tone values in GuanM (on the 5-point scale)

Studies T1T2T3T4
Gong (1995) 21245245
M. Ma (2005) 21245344
J.'Y. Zhang & Shi (2009);31 24 52 55
Sun & Fu (2019);

Y. Zhao (2017)

P. Li (2001) 31244255

Some impressionistic studies (e.g., P. Xu, 2006; Hui et al., 2020) have proposed specific
correspondences between GuanM tones and SC tones. T1 corresponds impressionistically to a
neutral-sounding tone. T2 in GuanM matches T2 in SC. T3 in GuanM aligns with T4 in SC.
T4 in GuanM corresponds to T1 in SC. Although P. Li (2001) and J. Y. Zhang (2009)
recognised such impressionistic observations, they added that T1 in GuanM corresponds to T3

in SC, but only if the ending pitch rises to a mid-high-level.

Liu et al. (2020) challenged the idea of one-to-one tone mapping between GuanM and SC,
based on both production and perception data. Their findings showed that most tone pairs
display differences in FO contours, except for the level tone pair (T4 in GuanM and T1 in SC).
To be specific, the GuanM rising tone (T2) displays a shallower FO curve compared to the SC
T2, despite having similar mean FO. The GuanM falling tone (T3) shows a lower FO height

compared to the SC T4. The GuanM low tone (T1) does not have the distinctive low-falling-
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rising pattern of SC (T3). Tones in GuanM, except for the falling tone, are also generally shorter
in duration than their SC counterparts, resulting in a more compact tonal space. Their
perception study revealed that bidialectal speakers of SC and GuanM perceive most tone pairs
(level, rising, and falling) as very similar or identical, despite their acoustic differences. The
low contour pair was slightly more distinguishable perceptually. However, speakers still

generally considered them similar.

As mentioned above, impressionistic observations have noticed the tonal correspondences
between two varieties. This raises the question of whether the one-to-one mapping exists
between their respective tone systems. To address this question, it is once again necessary to
trace both varieties back to the common ancestor, Middle Chinese. Middle Chinese is

traditionally analysed as having four tonal categories: Ping ~F ‘level’, Shang I ‘rising’, Qu
% ‘departing’, and Ru A ‘entering’, which continue to serve as an important analytical

framework in contemporary dialectological studies in Chinese languages. Within the four tonal
categories, an additional division is observed between upper (Yin FH) and lower (Yang FH)
registers, which are directly associated with the voicing of syllable onsets: voiceless onsets
align with the Yin register, whereas voiced onsets correspond to the Yang register. Table 1.3
presents the tonal categories and their corresponding tone values in GuanM and SC, using

Chao’s tone number system.

Table 1.3 Tone categories and their tone values in GuanM and SC

Tone category GuanM Tone value SC Tone value
T1 BH*F Yinping 31 (low-falling) 55 (high-level)
T2 BH-F Yangping 24 (rising) 35 (rising)

T3 _E 75 Shangsheng 52 (high-falling) 214 (dipping)
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T4 257 Qusheng 55 (high-level) 51 (falling)

For the first three tonal categories in Middle Chinese (Ping “ ‘level’, Shang _I ‘rising’, Qu
% “departing’), GuanM broadly follows the same pattern as SC in its development from Middle
Chinese. Syllables with voiceless onsets in the Middle Chinese level tone become T1 (FH-F),
while those with voiced onsets become T2 (FH~F*). Syllables with fully voiced obstruent onsets
in the Middle Chinese rising tone merge into T4 (2% 75), a process referred to as zhuo2shang3

guilqu4 #_E 142 (Sun, 2007).

The main divergence between GuanM and SC lies in the treatment of the entering tone. In
Middle Chinese, the entering tone consists of checked syllables ending in a final stop consonant
[p], [t], or [k], which has been lost in most Mandarin dialects. As a result, these syllables have
been redistributed among the remaining tones. In SC, entering tone syllables are scattered
unpredictably across all four tones, making their distribution difficult to memorise. In contrast,
the distribution in GuanM follows a more regular pattern: syllables with fully voiced obstruent

onsets now belong to the rising tone (T2/PH-¥), while the remainder have overwhelmingly
merged into the low-falling tone (T1/FH-F), with only a small number of exceptions (Sun,

1997). Table 1.4 below illustrates the distribution of the Middle Chinese entering tone syllables
in GuanM and SC with relevant examples, based on Sun (1997). The second row of the table

provides the Middle Chinese transcriptions using the Baxter-Sagart Old Chinese reconstruction

(Baxter & Sagart, 2014).
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Table 1.4 Distribution of Middle Chinese entering tone syllables in GuanM and SC (with examples)

Voiceless unaspirated Voiceless aspirated Voiced obstruent Voiced sonorant
Chi - - - . , ; . -
LA i % b 3 % Jit % % " A % # ES %
character
MCIPA | [peat] | [pjuwk] [pit] [piit] [tsrjwet] [yek] [thwat] [thet] [khok] [heap] [baek] [dzip] | [dzek] | [ngjowk] | [mok] [mak]
Gloss ‘eight’ | ‘bless’ ‘pen’ | ‘finish’ | ‘carve’ | ‘change’ E ;;l ‘iron’ ‘cut’ ?;ic;lr,d ‘white’ | ‘gather’ | ‘quiet’ ‘jade’ ‘ink’ ‘curtain’
SC T1 T2 T3 T4 T2 T4 T1 T3 T4 T2 T4 T4
Tone
GuanM T1 T2 T4 T1 T3 T2 T1 T1 T2 T4
Tone
SC [pa55] | [fu35] | [pi214] | [piS1] | [tsuo35] [i51] [tuo55] | [thie214] | [kho51] [tehia51] | [pai35] | [tei35] | [tei51] [y51] [mo51] | [mu51]
IPA
GuanM | [pa31] | [fu31] [pi31] | [pi31] | [pfux24] [i55] [tux31] | [thie31] | [khei31] | [teMia52] [pe24] | [tei31] | [tei31] [y31] [mei24] | [mu55]
IPA
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1.6.3.2 Neutral Tone

As in other Mandarin dialects, the presence of the neutral tone (TO) in GuanM raises the
fundamental question about whether it is truly toneless or retains an underlying tonal
specification. In SC, Chao (1968) observed that the pitch level of TO is largely determined by
the preceding full-tone syllable. Based on impressionistic observations, he described TO as
half-low after T1, mid after T2, half-high after T3, and low after T4. This suggests that TO is
not completely toneless or inherently low, regardless of environment, but rather inherits its
pitch properties from the preceding tone, an argument that has shaped much of the subsequent

research on TO realisation.

From a phonological perspective, Yip (2002) analysed TO in SC using an autosegmental
framework, which differentiates register (upper/lower) and tonal (H/L) tiers. According to Yip,
TO in SC is pre-specified for the register feature [-upper] but lacks an inherent tonal feature;
consequently, its actual pitch height is determined by the preceding full tone. Specifically, TO
manifests as low [1] after T4 [51], mid [3] after T1 [55] and T2 [35], and mid-high [4] after T3
[214]. The following tone-spreading rules (1) illustrate this process. For the T3 sequence in
particular, Yip (1980) argued that a special insertion rule applies: an H tone is inserted after T3

when no other tone follows it.

&) T1+TO [+1}Q)er] + [-upper] — [+1}1¥)er] o [fupper]

u m a m

T2+ TO  [+upper] + [-upper] — [Hupper]+ [-upper]
LNy LN

T3+T0  [-upper]+ [-upper] — [-upper]+  [-upper]
L’  H L L H

T4+ TO  [+upper] + [-upper] — [Hupper]+ [-upper]
H L g > L
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As for TO in GuanM, Zheng (2004) argues that it is essentially assimilated to T1, which means
it lacks significant pitch distinction. By contrast, an alternative analysis treats TO as an
underlying low tone, which is phonetically realised as the absence of a distinct tone in weak
syllables. Separately, Gong (1995) identifies three phonological environments in which TO

occurs.

The first environment involves the word-final position, affecting both grammatical particles
and lexical suffixes. To be specific, toneless particles include [gje31] ‘4%, some’, the tense
marker [lux] ‘ J°, and the auxiliary [tei] ‘43 . Lexical suffixes include [tyu24] 3k, head’ and
[tsi52] ‘¥, son’. These suffixes carry full tones when spoken in isolation. However, they lose
their inherent values when serving as suffixes, which often assimilate to the preceding tone.
Some examples are [si24 thyu3] £33k, stone’, [1i52 thyu3] Bk, inside’, [xan55 tsi3] ‘¥,

alley’, and [tan52 tsi3] ‘AH-F-, courage’.

The second environment involves reduplicated syllables. In these cases, the second syllable is
neutralised to a mid pitch [3] (except when following T1), rather than keeping its base tone
(Gong, 1995). Following T1, it is realised as low. Such a pattern can be found across lexical
categories, including nouns such as [njaw52 njaw3] ‘% bird’ and [wan52 wan3] ‘Hif,
bowl’, and verbs such as [fshan24 tshan3] %<4, taste’ and [k"an55 khan3] ‘B &, see’.
Furthermore, as in SC, this neutralisation can distinguish polysemes. The fully toned [tug31

¢i31] means ‘Z: 74, east and west’; meanwhile, the neutralised form [tun31 gil] shifts the

meaning to ‘7 /Y, thing’.
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Finally, TO may emerge in specific tonal alternation contexts. In sequences of T3-T3 (HLHL)
or T3-T4 (HLH), the second tone may be weakened into TO (Zheng, 2004), which is observed

in words such as [law52 fu52—2] ‘% iR, rat’ and [tejyu52 thsae55—2] ‘E3Z, chives’.

1.6.3.3 Tonal Alternation Rules
In GuanM, disyllabic sequences sharing the same tone are subject to two primary dissimilation
rules (categorised as right-domain tonal alternations). In these sequences, the first tone
undergoes dissimilation while the second tone remains unchanged. These rules are formally
defined in (2) below:
(2) Dissimilation rules in GuanM’
a.T1+T1 -T2+ Tl: HL.: — LH (24)/__ HLL;

b. T3+ T3 — T1 + T3: HLur — HLi, (31)/__ HLgr

Rule (2)a shows that, when two T1 tones occur consecutively, the first low falling T1
transforms into a rising T2, while the second T1 remains unaltered, as seen in examples such
as [tshon31—24 gjen31] ‘H.L», centre’, [kuei31—24 teia31] ‘[E 5%, nation’, [fan31—24 fa31]
“J717, method’, [tei31—24 lie31] ‘W%, intense’, and [ktae31—24 xua31] ‘FF1E, blossom’.
However, Gong (1995) observes that this dissimilation is blocked if the second tone is reduced
to a TO. This pattern can be found in words such as [kwan31 tei31—1] “A¥3, rooster’ and
[teize31 tey¥31—1] ‘47 ff, corner’, where the first syllable remains [31] rather than changing

to [24].

7 Hr refers to the high register and Lr refers to the low register.
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Rule (2)b applies to T3 + T3 sequences. In this environment, the first T3 changes to T1
(lowering its register while maintaining the contour shape), while the second T3 remains

unchanged. Examples include [syu52—31 piau52] ‘F-3, watch’, [pau52—31 eian52] ‘LR,
insurance’, [¢i52—31 s¥u52] ‘BT, wash hands’, and [fei52—31 kux52] /K&, fruit’. This

pattern appears to be a feature of an older variety of GuanM and is mainly attested among

speakers born before 1990 (Gong, 1995; Yao, 2014).

1.7 Summary

The introductory chapter began with an overview of the linguistic landscape of China. It
focused on the dialects of Shaanxi Province, where GuanM is primarily spoken. The chapter
then outlined the research objectives and provided an overview of the thesis structure. This was
followed by an introduction to GuanM, which included a description of its segmental and

suprasegmental features. The next chapter discusses the theoretical background of the study.

21



Chapter 2 Autosegmental-Metrical Theory

This chapter presents the theoretical framework used in this thesis: AM Theory. The chapter is
organised as follows. It begins with an overview of models in intonation research and places
AM Theory within the broader context of intonational studies. The discussion then turns to the
AM framework in greater detail, beginning with the historical development of AM Theory,
followed by an explanation of its tenets and phonetic realisation. Finally, the chapter reviews

the application of AM Theory to Chinese dialects.

2.1 Intonation Models

An effective intonation model should address two primary requirements. The first is the ability
to explain variations in pitch contours observed across languages. The second is the capacity
to generalise these contours, capturing how speakers perceive them as realisations of a shared
underlying melody (Arvaniti, 2022). Arvaniti (2011) reviewed the major theoretical models
proposed to account for intonation. These models differ primarily in three respects: whether
they treat intonation contours as holistic units or as combinations of smaller elements, what
they assume to be the basic phonological primitives of intonation, and how they relate

intonational form to meaning.

At the most holistic level, configurational or gestalt models treat intonation contours as
undivided whole units that directly reflect functional or structural aspects of speech. Early work,
such as Bolinger (1951) and Jones (1976), argued that melodies should be viewed as continuous
patterns that cannot be easily decomposed. English intonation, for example, is described in
terms of a small number of basic tunes, such as rises and falls, which can be compressed or

stretched to fit utterances of different lengths.
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Modern versions of the gestalt approach include INTSINT (Hirst & Di Cristo, 1998; Hirst et
al., 2000), which provides a symbolic transcription of entire FO contours using relative pitch
symbols such as Higher, Lower, Top, and Bottom; OXIGEN (Grabe et al., 2003), which utilises
polynomials to model shape differences between sentence types; and PENTA (Y. Xu, 2005),
which assigns pitch targets to every syllable while linking global contour shape directly to
communicative functions such as statement versus question. However, Arvaniti (2011) argued
that these models struggle to account for how a single melody varies systematically in shape
across utterances of different lengths, as tunes do not simply stretch or shrink to fit the duration

of the words.

Furthermore, the configurational tradition includes superpositional models, which suggest that
intonation consists of a global trend and local perturbations that ride on that trend. For example,
the IPO system (Hart et al., 1990) views localised movements as superposed on a larger
declination component. Fujisaki’s model (Fujisaki, 1983, 2004) suggests that global phrase
commands generate overall FO contours and local accent commands create pitch movements
associated with prominent syllables at the same time. The models of Garding (1983, 1987) and
Thorsen (1980, 1985, 1986) link global pitch trends to utterance-level functions such as

declarativity or interrogativity.

Unlike holistic approaches, level-based models use sustained pitch levels as their foundational
units. Early level-tone models from American structuralism (Hockett, 1955; Pike, 1945; Trager
& Smith, 1951) represented intonation using discrete pitch levels such as High, Mid, and Low,
which were intended as abstractions similar to phonemes. However, these views were heavily

criticised by Bolinger (1951) for failing to capture the continuous nature of pitch.
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The most prominent current framework is AM Theory, which was developed by Bruce (1977)
on Swedish and Pierrehumbert (1980) on English. Beckman and Pierrehumbert (1986) and
Pierrehumbert and Beckman (1988) further advanced the theory. AM Theory represents
intonation as an underspecified string of High and Low tones residing on an autosegmental tier.
Unlike earlier approaches, this model focuses only on linguistically significant points, such as
pitch accents on stressed syllables and boundary tones at the edges of phrases. By treating the
pitch between these points as mere interpolation, AM Theory captures how the same melody
remains recognisable even when the number of syllables in a sentence changes. A detailed

description of this model is provided in the subsequent section.

There is an ongoing debate over the contrasting approaches to prosodic and intonational
analysis proposed by AM and PENTA models. The PENTA (Parallel Encoding and Target
Approximation) model, proposed by Y. Xu (2015), is an articulatory-based approach
characterised as quasi-superpositional, articulatory and functional (Y. Xu, 2015). PENTA
departs from traditional models by viewing prosody as the result of multiple communicative
functions encoded in parallel. Each function impacts prosodic contours by making localised
changes to pitch target parameters, such as height, slope, and approximation rate, operating
through syllable-synchronised target approximation, in which articulatory movements attempt
to achieve underlying pitch targets. With its functional orientation, PENTA prioritises the
communicative roles of prosodic units over their auditory shapes, using language-specific
encoding techniques to convert communicative intentions into articulatory parameters. A
comparison of these two models is presented in the table below, based on Pierrchumbert’s

(2022) review.
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Table 2.1

Comparison between the AM model and the PENTA model

Aspect PENTA model AM model
Key Concepts e Configurational nature ¢ Discrete tonal primitives
e Parallel encoding e Association with segmental and
e Target approximation prosodic structures
e Functional orientation e Underspecification
e Compositionality
e Cross-linguistic applicability
Levels of e Focuses on e Three levels: semantic,
Representation communicative functions phonological, and phonetic

and phonetic parameters

Structure of

Flat structures

Hierarchical representation of

Representations e Direct mapping from units (e.g., foot, segment, syllable,
communicative functions intonational phrase)
to phonetic parameters

Phonological e No intermediate e Intermediate phonological level

Function phonological acts as a bottleneck, reducing
representation dimensionality and restricting

mappings

Phonetic e Sophisticated e Simpler phonetic realisation

Implementation optimisation algorithms algorithms

Main Advantages e Superior phonetic e Comprehensive linguistic
implementation framework

Efficient optimisation

Better acoustic
predictions

Handles complex interactions

Strong theoretical foundations

Main Limitations

Less elaborate typological
framework

Complex to implement

Less accurate phonetic predictions

The strength of AM Theory lies in its ability to decompose intonational tunes (Arvaniti, 2022),

since it can break down continuous pitch patterns into separate elements at the post-lexical

level. The theory therefore creates abstract phonological representations, which emphasise

similarities among different intonation patterns, allowing for a systematic examination of

variation without focusing on specific phonetic details. These abstract forms are important in
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the AM framework for three reasons. First, they predict how melodies align with speech
segments. Second, they allow the same melodic patterns to apply to utterances of different
lengths. Lastly, they facilitate the empirical analysis of actual speech patterns in different

languages.

2.2 AM Theory

2.2.1 The Origin and Development

The term Autosegmental-Metrical (AM), introduced by Ladd (2008), refers to the integration
of two subsystems of phonology required for analysing intonation: an autosegmental tier,
representing the melodic aspects of intonation, and a metrical structure, accounting for
prominence and phrasing. As the name suggests, AM Theory integrates both Autosegmental

Theory and Metrical Theory, which are discussed below.

Segmental phonology dominated phonological research before the development of
Autosegmental Theory. It analyses speech as a sequence of discrete units, or segments, which
form the foundation of the sound system. Phonetic features and processes are used to associate
and differentiate segments, as seen in generative phonology (Chomsky & Halle, 1968).
Segments are ordered linearly, and features within each segment are unordered. Based on this
feature-based framework, W. S.-Y. Wang (1967) proposed a systematic treatment of tone
within generative phonology, arguing that tonal distinctions should be formally integrated into
phonological representations, mirroring the treatment of segmental features. W. S.-Y. Wang’s
work 1is significant for applying the generative model to tonal languages, introducing a
complete system of binary distinctive features for tone, including contour, high, central, mid,
rising, and falling. Furthermore, his approach provides a rule-based account of tonal

alternations, which is similar to the rules for stress and phonological transformations in The
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Sound Pattern of English (Chomsky & Halle, 1968). Other scholars who explored tonal
representation also treated tones as segmental features (e.g., Schachter & Fromkin, 1968; Woo,

1969).

Leben (1973) proposed the suprasegmental representation of tone, arguing that floating tones
have no segmental realisation. His study of Mende nouns revealed five tonal melodies (L, H,
HL, LH, and LHL), which can be distributed across one, two, or three syllables, challenging
the constraints of the segmental framework. The constraints governing morpheme structure in
Mende are independent of the number of vowels or syllables in a lexical entry. This

independence therefore reinforces the need for a suprasegmental representation of tone.

Williams (1976) took this further. He claimed that at the deepest level of phonological
representation, tones are not inherently linked to segments or syllables. Instead, they are linked
to morphemes. Each morpheme contains an independent tonal string as part of its phonological
representation. Thus, Williams proposed the Tone Mapping Rule, which relates the underlying
string of tones in a phrase to its segmental (or syllabic) structure. Anderson (1976) also
challenged the segmental framework by reconceptualising nasality as a suprasegmental feature,
drawing parallels with tonal analysis. He argued that nasality in many languages behaves
similarly to tones. Examples include prenasalisation and postnasalisation within single

segments and nasal spreading across segment boundaries.

As mentioned above, traditional linear phonological models treat sounds as a single sequence,
which struggle to account for phenomena such as tone spreading, deletion, or independence.
Goldsmith (1976) developed Autosegmental Theory to address these limitations, built on

earlier work by Leben (1973) and Williams (1976) that distinguishes tonal features from
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consonants and vowels. Autosegmental Theory changes approaches to phonological analysis
by introducing a nonlinear representation. Autosegments, such as suprasegmental features (e.g.,
tone), are represented on a separate tier, which is distinct from segmental elements like
consonants and vowels. These tiers are linked through association lines, which indicate how

features on one tier connect to elements on another, as illustrated in (3)a.

(3) a. o6 Segmental tier
Association line
TT Tone tier

b. Falling tone in SC

c
\
HL

A key feature of Autosegmental Theory is the autonomy and independence of autosegments
from the segments they are associated with, which means that changes on the segmental tier,
such as the deletion or insertion of vowels or consonants, do not necessarily affect tonal features,
and vice versa. For example, in tonal languages, a tone may persist and reattach to a new
segment even if its original vowel is deleted (e.g., tone persistence). Similarly, tones can shift
without altering the consonant or vowel they are originally linked to. However, tones are only
realised on the surface if they are connected to tone-bearing units (TBUs), such as syllables or
moras. Furthermore, the theory treats contour tones (rising or falling pitches) as sequences of
discrete level tones (e.g., High (H) and Low (L)). For example, a falling tone is represented as
an HL sequence, as in (3)b. This representation can be used to explain phenomena such as tonal
harmony in Yoruba, where a high tone spreads across multiple syllables, and tonal delinking,

where a “floating tone” temporarily detaches before reattaching to another TBU.

Consequently, AM Theory captures essential properties of tones, including:

a. Mobility: A tone can shift from one segment to another.
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b. Stability: A tone can persist even after the loss of its original segment, leading to
processes including resyllabification and reassociation.

c. One-to-many association: A single tone may spread across multiple segments (tonal
plateaux, tone spreading).

d. Many-to-one association: Multiple tonal features can be realised on a single segment
(contour tones).

e. Toneless segments: Certain tone-bearing units do not inherently acquire phonological

tones (Yip, 2002).

However, the association between tiers follows well-formedness conditions, supplemented by
language-specific rules (Yip, 2002), which ensure a structured relationship between tones and
TBUs, as outlined below:
(4) Well-formedness conditions (Yip, 2002)
a. Every TBU must have a tone.
b. Every tone must be associated to some TBU.
c. Association proceeds one-to-one, from left-to-right.

d. Association lines must not cross.

Metrical Theory, as proposed by Liberman (1975) and expanded by Liberman and Prince
(1977), describes how stress works hierarchically in languages. The term metrical is derived
from metrics, which studies how phonological units align within rhythmic structures.
Phonological units can be smaller than words (for example, syllables and moras) or larger (for
example, phonological phrases). This hierarchy shows how stress patterns work at different
levels of language. Rather than treating stress as an isolated property of syllables, the theory

represents relative prominence through two key structures: the metrical grid and the metrical
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tree. As shown in (5), the metrical grid for the word Alabama, marked with “x” symbols, shows
the alternation of strong (s) and weak (w) syllables, where column height reflects prominence.

Below the word, the metrical tree maps how these strong and weak nodes relate to each other

hierarchically.
(%) X
X X
X X X X
Alabama
]
S WS W

v
\

word

The foundation of AM Theory was established by Pierrehumbert (1980) in her work on
intonation in American English. She used a limited set of tonal elements, H and L tones, which
are combined into structures known as pitch accents, phrase accents, and boundary tones, each
fulfilling a specific role within the prosodic structure of an utterance. In Pierrehumbert’s system,
each intonation phrase must contain, at a minimum, a pitch accent, initial and final boundary
tones, and a phrase accent. Therefore, her phonological inventory comprises monotonal pitch
accents (H*, L*), bitonal pitch accents (H*+L, L*+H, H+L*, L+H*, H*+H), phrase accents

(H-, L-), and boundary tones (H%, L%).
Later, Beckman and Pierrehumbert (1986) refined the model by introducing the concept of the

intermediate phrase. They recognised that intonational phrasing operates on multiple levels,

with smaller prosodic units embedded within larger ones. The intermediate phrase, marked by
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a phrase accent, functions as a sub-constituent within the broader intonation phrase, which is

typically delimited by boundary tones.

Ladd (1986) further developed the model by proposing a recursive model of intonational
phrasing that allows for the coexistence of tonal and rhythmic cues at different levels of
prosodic structure, accounting for cases where the tonal structure does not align neatly with
rhythmic breaks or pauses, such as utterances containing multiple nuclear accents or

intonational tags.

2.2.2 Tenets in AM Theory

Ladd (2008) has identified four tenets of AM Theory. The first tenet of AM Theory is the
concept of sequential tonal structure, in which intonation is decomposed into a series of discrete
tonal events including pitch accents and edge tones, which are phonologically specified at
linguistically significant positions. In English, pitch accents are frequently linked to prominent
syllables in the segmental string, and edge tones are associated with prosodic boundaries.
Transitions between these tonal events are interpolated rather than explicitly represented in the
phonological structure. For example, the rise-fall-rise contour is often used in strongly
challenging or contradicting echo questions in English, as Ladd (2008) illustrates in (6):

(6) a. A: I hear Sue’s taking a course to become a driving instructor.
av

B: Sue!?

b. A: I hear Sue’s taking a course to become a driving instructor.

A

B: A driving instructor!?
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In (6)a, a single-syllable expression, the intonation is interpreted as a blend of a rise-plus-fall
pitch accent with a rising boundary tone, instead of being viewed as an entire intonation pattern.
In (6)b, the contour similarly includes a rise-plus-fall pitch accent on driv- and a rising
boundary tone, and the low-level pitch stretch on -ing instruct- serves as a transitional phase.
Both have the same contour shape, differing only in the number of syllables, illustrating how

intonational melodies adjust to various stress patterns and syllable counts.

The second tenet establishes the distinction between pitch accents and stress. Pitch accents are
characterised as tonal features that mark intonational prominence, while stress refers to a
structural property of syllables within a metrical hierarchy. Although pitch accents can signal
prominence, stress may be conveyed through various phonetic cues, such as duration, intensity,
or vowel quality. The distinction between pitch accent and stress can be illustrated by French,
where the last full-vowel syllable in a French phonological word holds a structural prominence
or “metrical strength” even in the absence of dynamic stress in the traditional sense. This
syllable functions as an anchor for intonation tones, distinguishing itself structurally even when
it is acoustically indistinct. By examining the tonal patterns in French sentences, specifically
focusing on the behaviour of final schwas, Dell (1984) discovered that in cases where a final
schwa is pronounced, intonation tones (such as high tones in emphatic statement contours)
consistently avoid attaching to the schwa itself, rather targeting the preceding full-vowel
syllable. This pattern is evident in phrases with or without right-dislocated elements. For
example, /] met la table, Mercier ‘He sets the table, Mercier’ where the H tone remains aligned

with the last strong syllable (ta- in table), rather than shifting to the schwa.

The third tenet emphasises the analysis of pitch accents in terms of level tones, specifically H

and L tones in a bitonal system. AM Theory uses H and L tones as its basic tonal primitives,
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analysing pitch accents and edge tones as combinations of these level tones, which therefore
reduces the complexity of tonal inventories and maintains the ability to represent diverse
intonational patterns at the same time. For example, in English, the four-level analysis (e.g.,
Trager & Smith, 1951) that describes six different falling contours (/21/, /31/, /41/, /32/, /42/,
/43/) is unnecessary (Ladd, 2008). By representing all falling contours as HL and attributing
changes in H or L height to external factors, AM Theory achieves a balance between

phonological contrasts and paralinguistic variations.

Finally, the fourth tenet of AM Theory accounts for global trends in pitch contours through
local adjustments in the scaling of tones, such as the phenomenon of declination. This principle
distinguishes between two approaches to describing an idealised downward-trending contour
as shown in (7), adapted from Ladd (2008). The first approach (7)a conceptualises the contour
as a result of global declination, where the pitch gradually lowers over the entire utterance.
Many quantitative descriptions of declination treat it as a globally planned and encoded feature,
representing an overarching contour that governs the intonational phrase. For example, in
Fujisaki’s (1983) model, the FO contour is conceptualised as the superposition of a phrase
component and one or more localised accent components, where the phrase component is
represented by a continuous, gradually declining function that is generated independently of
localised accentual events, thereby capturing the higher-level prosodic structure of the
utterance. In the same way, the IPO model utilises a formulaic method to determine both the
starting pitch level and the rate of decrease, with these factors affected by the utterance’s
duration (Hart et al., 1990). Therefore, declination is most accurately viewed as a top-down
and holistic phenomenon that structures the pitch contour and indicates the end of an

intonational phrase, as shown in (7)a.
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However, AM Theory advocates a locally originating interpretation of declination, proposing
that it arises naturally from the phonetic realisation of individual H and L tones within an
utterance. Declination, from this perspective, is not globally encoded but is rather the
cumulative result of successive local tonal adjustments, where each tonal target is scaled
slightly lower than its predecessor, which has been observed in African languages, where the
second H tone in an HLH sequence is realised phonetically lower than the first H tone, as shown
in (7)b.

(7) a.

In the cross-linguistic analysis of downtrends, it is essential to distinguish among declination,
downstep, and downdrift. Declination is a phonetic phenomenon characterised by a gradual,
time-dependent downward slope of FO. It is generally considered to lie outside phonological
control (Downing & Rialland, 2016), and acts as a phonetic backdrop against which tones are
scaled (Connell, 2001). Declination appears to be universal in declarative sentences but is often
suspended in interrogatives. Downstep, on the other hand, is a phonological phenomenon that
creates a distinct terracing effect (Connell, 2001). Once a tone is downstepped, all subsequent
H tones remain at that lowered level. Stewart (1965) argued that the lowering of the second H
in a HH sequence parallels the lowering found in HLH sequences. In the latter case (automatic

downstep), the lowering results from the intervening L tone. In the former case (non-automatic
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downstep), it is attributed to an underlying floating L tone, which has been lost historically but
remains in the phonological structure. In some systems, non-automatic downstep is triggered
by the Obligatory Contour Principle to separate adjacent H tones (Yip, 1988). Both types share
the crucial terracing effect. The fact that downstep is phonemically contrastive in many African
languages such as Ibibio demonstrates that it must be accounted for phonologically rather than
merely as phonetic implementation (Connell, 2001). Finally, downdrift has most commonly
been treated as synonymous with automatic downstep, the progressive lowering of H tones
when separated by L tones (Downing & Rialland, 2016). However, Connell (2001) states that
downdrift is distinct from automatic downstep as found in classic terracing languages. In
Mambila, for instance, the H tone is lowered by the preceding L tone, but subsequent H tones
rise back to their original height, a pattern that lacks permanent terracing. This distinguishes

downdrift as a local phonetic event rather than a register shift.

2.2.3 Phonetic Realisation

As mentioned in the previous sections, AM Theory emphasises the separation of phonology
and phonetics, with phonetic implementation serving as the interface between abstract tonal
representations and their phonetic realisation. It encompasses alignment, scaling, interpolation,
and underspecification, though intonation may also influence other elements, such as duration
and quality of segments (Arvaniti, 2022). The following sections discuss each aspect of

phonetic realisation individually.

2.2.3.1 Alignment
Alignment refers to the timing of tonal targets relative to segmental landmarks, such as syllable
boundaries or stressed syllables. Tones are realised at specific points in speech, distinct from

models that emphasise pitch movements. Alignment gives rise to segmental anchoring
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(Arvaniti et al., 1998), in which tonal targets, such as L and H, often align with phonetic
landmarks, such as the onset or nucleus of a syllable. Furthermore, alignment patterns vary
across languages and contexts, influenced by factors such as speaking rate, vowel length, and

syllable structure.

The debate on alignment centres around whether tonal targets are absolutely aligned or
proportionally aligned. Both are reported in languages. The argument for absolute alignment
maintains that tones consistently align with fixed segmental landmarks, regardless of variations
in speech rate or duration. For instance, in Greek, L and H tones are aligned with the onsets of
accented syllables or post-accentual vowels, respectively (Arvaniti et al., 1998). In contrast,
proportional alignment proposes that tonal alignment varies in relation to the duration of the
anchoring segment. For example, in English, H* peaks align proportionally to the duration of

accented syllables (Silverman & Pierrehumbert, 1990).

2.2.3.2 Scaling

The second aspect is scaling, referring to the relative pitch height of tonal targets, such as H
and L tones, within a speaker’s pitch range. It includes two primary perspectives: pitch span
(measuring the range of frequencies used) and pitch level (Ladd, 1996). Different pitch scaling
can significantly alter the pragmatic meaning of identical tonal sequences, such as L+H* in
Catalan. Ata lower pitch level, L+H* typically marks information-focus statements, expressing
neutral and non-contrastive information. When the pitch peak is moderately raised, it can
indicate corrective or contrastive focus, often used to reject a prior assumption or assert an
alternative. At the highest end of the pitch range, L+H* is interpreted as a counter-expectational
question expressing surprise or disbelief (Borras-Comes et al., 2014). Scaling is frequently

affected by linguistic, physiological, and paralinguistic factors.
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Focusing on the linguistic aspects of tonal scaling, researchers have generally identified three
primary influences: declination, tonal context, and tonal identity (Arvaniti, 2022). Declination
refers to the systematic lowering of tonal targets along a declining baseline that is specific to
each speaker and invariant at a given time (Pierrehumbert, 1980). This baseline is characterised
by a stable minimum value and slope, though the effect of declination can be suspended in
certain contexts, such as in questions (Yuen, 2007), and reset across phrasal boundaries
(Truckenbrodt, 2002). Tonal context involves interactions between tones, such as upstep and
downstep, which modify tonal scaling due to the influence of neighbouring tones. For instance,
in English, a preceding H tone in a vocative chant can upstep the subsequent L% boundary tone
(Beckman & Pierrehumbert, 1986). However, such interactions are not universal, as
demonstrated in Greek, where bitonal accents and edge tone combinations do not cause upstep
or downstep (Arvaniti & Baltazani, 2005). Finally, tonal identity influences how L and H tones
scale under varying pitch spans; L tones tend to become lower and H tones higher when the
pitch span expands (Gussenhoven & Rietveld, 2000). There are also consistent scaling
differences between comparable tonal events. For example, H*+L is typically scaled higher

than H* in some languages (Arvaniti & Baltazani, 2005).

2.2.3.3 Interpolation

Interpolation refers to how pitch transitions between tonal targets, H and L tones, within pitch
contours. Although pitch interpolation is traditionally assumed to follow linear paths for
simplicity, particularly in AM Theory, growing evidence suggests that it often exhibits
nonlinear shapes, such as concave (dipping) or convex (rising) curves, depending on tonal
context and linguistic factors. To account for this, researchers such as Barnes et al. (2012) have
developed methods such as the Tonal Centre of Gravity (TCoG) to capture perceptual

differences in nonlinear contour shapes. Furthermore, the fact that tones have duration, as seen
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in plateau-like realisations of H tones, challenges the traditional notion of distinct turning
points. Because the functions of plateaus compared to peaks differ across languages (appearing
interchangeable in some but semantically distinct in others), the debate persists as to whether
interpolation should remain a phonetic detail or be integrated into formal phonological models.
While opponents argue that treating interpolation as nonlinear unnecessarily complicates
phonological theory, proponents contend that overlooking these complexities simplifies the

phonetic and perceptual aspects of intonation.

2.2.3.4 Underspecification

Underspecification means that not all tonal elements in a pitch contour or melody are explicitly
assigned specific tonal targets or FO frequencies during speech production. In AM Theory,
melodies are often sparsely specified, with only key tonal targets (e.g., high or low points)
being explicitly represented. The intermediate values between these targets are interpolated,
rather than individually defined. For example, in Japanese, Pierrehumbert and Beckman (1988)
demonstrated that the pitch contours of accent phrases could be modelled using just one H and
one L target, with the slope of the FO contour determined by the number of moras between
them. This contrasts with full-specification models such as PENTA, which attempt to assign
tonal values to every syllable, requiring the explicit representation even for interpolated values.
Underspecification also applies to scenarios of tonal crowding, where there are more tonal
targets than syllables available to realise them, making it difficult to implement all the tones

within a limited time.

The debate around underspecification is about whether sparse (underspecified) or full
specification better describes how tonal representation and realisation work. Proponents of

underspecification contend that sparse representation accurately embodies the linguistic and
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phonetic realities of numerous languages, including Japanese and Korean, where pitch contours
can be effectively modelled without designating a specific tonal target for each syllable. They
have also stressed how flexible underspecification is in dealing with tonal crowding by using
methods like truncation (cutting out parts of the contour), undershoot (not fully reaching tonal
targets), and temporal realignment (changing the timing of tones). As for full-specification
models, proponents argue that every tonal element must be explicitly represented to align with
its communicative function. This approach, however, often leads to arbitrary assumptions
about tonal strength, particularly in cases of headless constituents or tonal crowding. For
example, evidence from Polish shows when tonal targets compete for limited space, speakers

prioritise crucial targets (like boundary tones) while truncating others (like a pitch rise).

2.2.4 AM Theory in Chinese Languages: Tone Representation

Drawing on the feature geometry of the autosegmental framework, Yip (1980) addressed the
distinction between pitch height (register) and pitch movement (contour). She proposed a
model separating tones into two registers: upper and lower, based on the binary feature
[fupper], reflecting different portions of the vocal range. Within each register, the pitch is

further refined by the feature [+high], resulting in four possible tone configurations:

[+upper] [+high]
[-high]
[-upper] [+high]
[-high]

Subsequent scholars proposed further modifications to the phonological representation of tones,
such as M.-C. L. Chang (1992) and Yip (1989, 2002), yet the fundamental distinction between
register and contour remained unchanged. A key topic in the literature concerns the structural

relationship between these two features. Two primary models have been proposed to describe
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the relationship between register and contour in tonal structure. The first is the register-
dominant model. Yip (1989) proposed a hierarchical relationship in which the register node
dominates the contour, structurally embedding the contour feature within the register. The
second is the sibling model (e.g., Bao, 1999; Duanmu, 2007), in which both register and
contour are represented as parallel branches (i.e., sister nodes under a tonal root node). Bao
(1999) formalised this using two nodes: the r node (register) and the ¢ node (contour). The r
node defines the relative pitch height (i.e., the register), while the ¢ node determines the tonal
movement over the duration of the tone-bearing unit. From a conceptual standpoint, the two
components are distinct in function. The r node is static, indicating a stable pitch register, either
H or L, within which the tone is realised. In contrast, the ¢ node is dynamic, representing tonal
movement over time. For instance, a branching ¢ node denotes a contour, such as a falling
contour that results from a sequence of high (h) followed by low (1) values, and a rising contour,
which involves a shift from low (1) to high (h) values. Altogether, tones can be represented in

the following structural format, leading to eight possible tonal configurations:

TBU
|
T
VN
T C
N
t t

Four of these are level tones, maintaining a consistent pitch throughout the tone-bearing unit,
such as [H, h], [H, 1], [L, h], and [L, 1], each indicating a steady pitch height in either the high
or low register, in which the contour is non-branching. The other four patterns are contour tones,
which consist of a dynamic movement in pitch. These include two falling tones [H, hl] and [L,

hl], and two rising tones [H, 1h] and [L, 1h].
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2.3 Summary

This chapter introduced different intonational models, and, in particular, examined AM Theory.
It outlined the origins and core principles of AM Theory and explored how phonetic realisation
mediates between phonology and speech by mapping abstract tonal structures onto acoustic
features, with particular attention to alignment, scaling, interpolation, and underspecification.
By applying AM Theory to tone in Chinese languages, this chapter sets the stage for the next
chapter, which examines the production of question intonation in GuanM and explores how

tonal and intonational patterns interact in speech.
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Chapter 3 Production Study 1: Intonational Yes-No Questions in Guanzhong Mandarin

in Isolation

The previous chapter introduced AM Theory, the theoretical foundation of this thesis. This
chapter begins by exploring intonation in GuanM, focusing on the production of syntactically
unmarked yes-no questions in isolation. The chapter is structured as follows: it first reviews
previous studies on intonation concerning yes-no questions across various languages, with a
specific emphasis on Chinese languages. It subsequently presents the research questions and
describes the methods used in this production study, including participant recruitment, stimuli,
recording procedure, data sorting, and statistical analysis. Finally, the chapter ends with the

presentation of results, followed by a discussion and final thoughts.

3.1 Question Marking Cross-Linguistically

Two common strategies are used cross-linguistically to form yes-no questions. The first
approach employs syntactic-lexical devices, which are explicit grammatical markers that signal
a question, including question particles such as ma in SC and ka in Japanese, interrogative
morphemes, such as mi in Turkish, word order inversion as seen in the verb-first structure of
German and French, and the use of auxiliary words or phrases, such as est-ce que in French.
The second method, commonly referred to as declarative questions, depends exclusively on
intonation, in which questions have the same lexical elements and word order as declarative
sentences but utilise pitch variations to indicate their questioning function. Cross-linguistically,
question intonation is frequently characterised by a rising terminal pitch, with Bolinger (1951)
observing that most yes-no questions had a rise somewhere in the utterance. By examining yes-
no question marking across 78 African languages, Rialland (2009) argued that the rise was not

always present and identified two categories of yes-no question markers. The first category
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consisted of five high-pitched strategies: the cancellation or reduction of downdrift or register
expansion, the raising of final H tone(s), the cancellation or reduction of final lowering, a final
H tone or rising intonation, and a final HL melody. The second category included six non-high-
pitched strategies: a final L tone or falling intonation, a final polar tone or mid tone, lengthening,

breathy termination, the cancellation of penultimate lengthening, and open vowels.

The specific intonational patterns for unmarked yes-no questions vary across languages.
Haan’s (2002) study showed that in Dutch, 100% of declarative questions had a final rise (H%),
which was realised at the highest point in the overall pitch range compared to other question
types, and they were generally of higher pitch than statements. Research by Bibyk (2016)
showed that information-seeking declarative questions in American English generally tended
towards rising over falling intonation. In Manchego Peninsular Spanish (Henriksen, 2010),
declarative questions exhibit two contour types: early rise, which appears more frequently in
casual dialogue, signalling their interrogative status through both higher nuclear scaling and
raised final pitch; and late rise, primarily found in formal read speech, depending only on higher
final tonal values to mark the question-statement distinction. Specifically, the early rise contour
(L* + H H* {H%), characterised by a nuclear H* pitch accent followed by an upstepped jH%
boundary tone, begins its ascent near the onset of the nuclear stressed syllable and maintains a
relatively shallow FO decline from the prenuclear peak. The late rise contour (L* + H L* H%),
featuring a nuclear L* accent followed by an H% boundary tone, has its rise beginning towards
the end of the nuclear syllable after a substantial FO fall from the prenuclear peak. E. Lin et al.
(2013)‘s cross-language study of declarative questions in tonal and non-tonal languages also
demonstrated that regardless of whether a language used tone to distinguish word meanings
(such as Mandarin and Taiwanese Hokkien) or not (such as English and Arabic), declarative

yes-no questions consistently showed higher pitch and intensity than statements. While non-
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tonal languages showed more distinct pitch rises for questions, even tonal languages

maintained this distinction despite the competing demands of lexical tone.

However, the terminal rise is not the only intonational strategy for marking yes-no questions.
Bengali yes-no questions exhibit a rise-fall contour, in which the nuclear-stressed syllable has
a low pitch, followed by a gradual rise to H near the end of the phrase, and then a rapid fall at
the very end (Hayes & Lahiri, 1991). Similarly, in Puerto Rican Spanish, the rise-fall contour
appears in three distinct realisations for yes-no questions, which are jH*L%, the most common
pattern, consisting of an extra-high pitch accent followed by a fall; L*HL%, which begins with
a low pitch accent followed by a rise-fall at the boundary, typically signalling disbelief or
counter-expectation; and H+L*L%, which starts high and falls, often conveying positive
epistemic bias (Armstrong, 2017). Savino (2012) conducted a typological study on 15 varieties
of Italian yes-no questions and found that 7 varieties (Turin, Venice, Parma, Bari, Naples,
Catanzaro, and Palermo) exhibited rise-fall contours, while 3 additional varieties (Genoa,
Florence, and Rome) exhibited mixed patterns where the accentual rise could be followed by
either a falling or rising boundary. As a consequence, Savino concluded that a terminal rise
was not the most typical intonational strategy in Italian questions; instead, a rise on the nuclear
syllable (accentual rise), generally followed by a fall, was a widespread intonational feature for

signalling questions across Italian varieties, not just in Southern accents.

Intonation may not be a necessary marker for declarative questions. Chlopicki’s (2019) study
of Polish student conversations discovered that declarative questions in Polish had rising
intonation as a common but not obligatory phonetic marker of interrogativity, with no formal
question markers used. Hennoste et al.’s (2019) research on Estonian declarative questions also

found that intonation alone was not a reliable indicator of a questioning function. Intonational
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patterns were highly variable, with some questions displaying a slight final rise while others
showed steeper declination than statements. The authors argued that speakers relied more

heavily on pragmatic factors such as epistemic status and conversational context.

Before turning to a detailed examination of question marking in SC and Chinese dialects, a

summary table of the yes-no question marking strategies discussed earlier is presented below.

Table 3.1 Yes-no question marking cross-linguistically

Intonational Languages Notable Features
Pattern

* 100% of declarative questions have final rise
(H%)
Dutch * Realised at the highest point in overall pitch
range
Terminal Rise / * Generally higher pitch than statements
Final High Tone

) ) * Information-seeking declarative questions

American English .. . .
prefer rising intonation over falling

« L* + H L* H% pattern

* Found mainly in formal, read speech

* Rise begins towards end of nuclear syllable

« L* + H H* {H% pattern

* More frequent in casual dialogue

Manchego Peninsular
Spanish (Late rise)

Manchego Peninsular )
* Ascent begins near onset of nuclear stressed

syllable

* Shallow FO decline

* Low pitch on nuclear-stressed syllable
Bengali * Gradual rise to H near phrase end

* Rapid fall at the end

* iH*L%: Extra-high pitch followed by fall
(most common)

» L*HL%: Rise-fall boundary (signals
disbelief)

* H+L*L%: High start, falls (positive
epistemic bias)

Early Ri
ary Bise Spanish

Rise-Fall
Contour
Puerto Rican Spanish
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Italian varieties (Turin,
Venice, etc.)

* Accentual rise on nuclear syllable followed
by fall
» Widespread across Italian dialects

Italian varieties
(Genoa, Florence,
Rome)

* Accentual rise followed by either falling or
rising boundary

Mixed / Variable Polish * Rising intonation common but not obligatory
Patterns * No formal question markers
* Intonation not a reliable indicator
Estonian » Some questions rise slightly; others remain
flat or fall
Tonal languages * Despite tones, maintain a higher pitch for
(Mandarin, Taiwanese questions
Hokkien)
Non-tonal languages * Tend to use more distinct pitch rises for
Higher Overall (English, Arabic) questions . ‘ .
Pitch . C?ncellatlon/r‘eductlon of downdrift or
register expansion
African languages * Cancellation or reduction of final lowering
(Rialland, 2009) * Raising of final H tone(s)
* Final H tone or rising intonation
* Final HL melody
* Final L tone or falling intonation
Non-High- ‘ * Final pola%r or mid tone
Pitched African languages * Lengthening
. (Rialland, 2009) * Breathy termination
Strategies

* Open vowels
* Cancellation of penultimate lengthening

The prosodic and intonational patterns of yes-no questions in SC and Chinese dialects have
been extensively studied. Research has focused on debates surrounding local and global trends
in question prosody, the interaction between lexical tones and intonation, and the definition of
Chinese boundary tones. Chao (1968) was one of the pioneers in Chinese tone and intonation
studies. He extensively discussed tone, intonation, and their interaction in Chinese languages
and proposed a metaphor comparing the relation between syllabic tone and sentence intonation

to small ripples riding on larger waves (though, at times, the ripples became more prominent
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than the waves themselves), where the resulting intonation was an algebraic sum of both
elements. Specifically, when positive values aligned with other positive values, the result was
an enhanced positive value; when a positive value encountered a negative value, the
mathematical addition resulted in subtraction. This meant that when two rising movements
coincided, the outcome was an even stronger rise, whereas when a rising and a falling
movement interacted, their effects partially cancelled out, much like arithmetic subtraction.
Chao (1933) also identified two types of tone and intonation addition patterns based on
observations. The first type, simultaneous addition, referred to tones that were the algebraic
sum of the original lexical tone and the sentence intonation, or in other words, the resultant of
both. The second type, successive addition, described a rising or falling intonation that was
applied sequentially after the completion of lexical tones. Chao formalised how rising and

falling intonation modified lexical tones using the following tonal transformations in SC:

Table 3.2 The modification of tones by intonation proposed by Chao (1933)

Original Change with Change with
Tonal Value Rising Intonation Falling Intonation

T1 (55) 56 551

T2 (35) 36 351

T3 (214) 216 2141

T4 (51) 513 5121

In the table above, 6 denotes extra-high pitch. In rising intonation, T4 acquires an upward pitch
prolongation, while in the case of falling intonation, a downward pitch prolongation is grafted
onto all four tones. Consequently, both tone shape and tonal value are altered to such an extent

that these tones become less recognisable (Shen, 1989).
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The determination of whether Chinese yes-no questions are marked by rising or falling
intonation remains an active area of research. Garding (1987) applied a grid structure to model
intonation in Chinese. In general, yes-no questions showed a rising intonation contour,
particularly over the predicate part of the sentence, while statements mostly followed a falling
trend. However, when X. Xu et al. (2018) attempted to model morphologically unmarked yes-
no questions in SC, they did not observe a rising intonation pattern that accelerated towards the
end, as was previously assumed. Instead, yes-no questions had a nearly horizontal or slightly
declining slope, which was significantly flatter than the steeper downward pattern observed in
declarative statements. A clear three-pattern structure was apparent: a rising trend at the
beginning of the sentence, a moderate downward slope in the middle, and a return to a more

horizontal pattern at the end.

Although scholars generally agreed that yes-no questions in SC exhibited rising intonation and
declarative sentences exhibited falling intonation (similar to some other languages), debate
persisted over the temporal characteristics of the rising contour. Specifically, researchers were
unsure whether yes-no questions in Mandarin were primarily marked by global pitch raising
throughout the utterance or by local modifications. Shen (1989) found that in yes-no questions,
FO was raised not only on the final syllable but throughout the entire utterance. Similarly, Ni
and Kawai (2004) noted that the overall pitch of unmarked yes-no questions tended to be higher
than that of a statement. However, M. Lin (2004) argued that while global pitch raising might
occur, the register and slope of the FO curve at the final syllable were more crucial for
distinguishing questions from statements. Huang and Zhang (2019) examined questions with

and without the final question particle [ma] ‘"%’ and found that unmarked yes-no questions

compensated with greater pitch raising, lengthened duration, and higher intensity on the final

syllable.
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Furthermore, P. Jiang and Chen (2011) indicated that both global pitch level rising (across the
entire sentence) and localised pitch raising at both edges of the intonational phrase contributed
to signalling questions. F. Liu and Xu (2005) also found that yes-no questions in Mandarin
followed an exponential or double-exponential pitch raising pattern extending throughout the
sentence. Their later study (F. Liu & Xu, 2007), which focused on Mandarin, further illustrated
that question intonation involved a global pitch increase beginning from the focused word,
rather than just a final rising contour. Yuan (2006) identified three mechanisms of question
intonation in SC: raising the entire phrase curve, strengthening sentence-final tones, and
implementing a tone-dependent mechanism that reduces the steepness of falling final tones

while increasing the steepness of rising final tones.

The interaction between lexical tones and intonation in SC shows that intonation modifies but
preserves lexical tones, creating a layered relationship where question intonation affects how
tones are realised acoustically without fundamentally altering tonal categories; this relationship
is best understood as intonation being superimposed upon the tones (Ho, 1977). Shen (1989)
observed that while intonation modified the FO trajectory of lexical tones, their basic contour
shapes remained intact: rising tones in the sentence-final position exhibited larger pitch
movement in questions; the endpoints of T2 and T3 rose much higher in questions than in
statements; and T4 remained relatively stable. In addition, M. Lin (2004) discovered that for
T1, T2 and T4, the register of both starting and ending points was higher in questions than in
statements. For T3, the rising portion of the FO curve in questions was more prominent,
distinguishing it from its typically low realisation in statements. Ni and Kawai (2004) also
reported tone-dependent effects at the sentence-final position. The FO peak of the rising portion

of T1 and T3 was raised significantly, expanding the tonal range. In contrast, both FO peaks
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and valleys were raised for T1 and T4, narrowing the tonal range while maintaining the raised

contour.

Regarding the intonation of yes-no questions in different dialects in China, C. Zhang (2018)
used monosyllables as intonational phrases and claimed that in Tianjin Mandarin, a variety of
Jilu Mandarin, yes-no questions had a higher pitch register across the intonational phrase and
a high floating boundary tone, which did not alter the lexical tone contour but instead
intensified the ascent of rising tones and reduced the descent of falling tones. H. Jiang (2019)
confirmed Chang’s (1958) observation in the Chengdu dialect (a variety of Southwestern
Mandarin) that yes-no questions could be classified as having either a rising or falling tune
based on the final syllable’s tone after undergoing perturbation. He also found that yes-no
questions generally had a higher pitch and steeper contour slope on the final syllable, with the
lexical tone remaining identifiable while influencing the degree of pitch variation. Questions
in the Changsha dialect, a dialect of New Xiang Chinese, tend to have an overall higher pitch
than statements, although the initial pitch level of questions does not always begin at a higher

point than that of statements (Shen, 1991).

Unlike most languages that mark the distinction between statements and questions at the
sentence-final boundary or the whole-utterance level, Bai, a Sino-Tibetan language spoken in
the southwestern region of China, primarily in Yunnan Province, establishes the difference
between questions and statements in the sentence-medial position. Bai speakers differentiate
yes-no questions from statements through prosodic alterations of sentence-medial constituents,
including increased duration, expanded pitch ranges, and raised pitch maxima and minima,

regardless of focus conditions. Yet these modifications are tone-dependent such that the pitch
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span of sentence-medial constituents for rising and falling tones is expanded and the pitch

minimum is raised for level and rising tones (Z. Liu et al., 2018).

Yes-no questions in Cantonese provide a different perspective on the interaction between tone
and intonation. In this case, intonation alters the final lexical tone contour shape at the last
syllable, unlike in most Mandarin dialects. J. K.-Y. Ma et al. (2006a) found that in the final
position of questions, all six Cantonese tones had a rising FO contour, with tones 25, 21, 23,
and 22 overlapping in their FO contours, resembling tone 25, regardless of their original tonal
shape. In addition, questions exhibited an overall higher FO than statements, with the greatest

difference in FO between the two intonation types occurring at the phrase-final position.

3.2 Research Questions

The difference between intonation and tune must first be clarified. Both refer to sentence
prosody. However, the term intonation refers to sentence-level prosody in a broader sense,
encompassing FO properties as well as other related sentence-level prosodic components, such
as duration. In contrast, a tune is an abstract representation of sentence-level prosody,
independent of specific linguistic content (Hayes & Lahiri, 1991), conveying the intonational
information. For example, the tune of expressing surprise in English is LHL, as shown in (8),
regardless of different tone associations with segments, with its association rules illustrated in
9).

(8) Surprise tune in English

a. Jane! b. Anastasia!
N aun
(L)HL L HL

(9) Association rule for the surprise tune (Hayes & Lahiri, 1991)
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a. Associate H to the main stressed syllable.
b. Associate the first L to syllables preceding the main stress, if there are any.
c. Associate the second L to all syllables following the main stress; if there are

none, associate L to the same syllable as the H tone.

The tune for yes-no questions in English is LH, as shown in (10), regardless of the varying
utterance length.

(10) Question tune in English

a. Jane? b. Tém and Jérry?
N | |
LH L H

The boundary tone of the question tune in English shown in (10)b can be hypothetically
represented as follows.
(1)

[Tom and Jérry?]

L* H%

Yes-no questions in GuanM, much like in SC, can be categorised into syntactically marked and
intonational questions. Syntactically marked questions are often accompanied by sentence-
final particles, such as [ma] ‘"%, [me] ¢4, and [pa] ‘">, explicitly marking interrogativity.

Besides sentence-final particles, GuanM is distinguished from SC by [tei31 si55] ‘/9/&°, an

interrogative adverb that indicates the speaker’s degree of certainty regarding the proposition
being questioned. It functions as a question focus marker that conveys a positive epistemic bias.
When used in yes-no questions, it shows that the speaker has already formed a tentative

judgement that the proposition is likely to be true, yet still anticipates that the hearer might hold
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a different view. The speaker, therefore, seeks confirmation or affirmation rather than new
information. For instance, in flfS & /R HIZIMN? [tha3] tei3] si55 ni52 xio24 xiau55 ti
lau52 [i31] ‘He must be a teacher at your school, right?’, the use of [tei31 si55] expresses a

confirmatory tone, signalling the speaker’s expectation that the proposition is true (L. Zhao,

2019).

Little formal research has examined intonational yes-no questions in GuanM. Therefore, the
primary aim of this chapter is to investigate the intonation patterns of syntactically unmarked
yes-no questions in GuanM. Using disyllabic sequences with identical tones (T1T1, T2T2, and
T4T4) as intonational phrases, this chapter particularly focuses on the interaction between
lexical tones and intonation, specifically how the TI1T1 tone dissimilation rules function within
the interrogative tune. As discussed in the previous section, GuanM has two tonal dissimilation
rules: T1T1 (HL..—LH/_ HLi,) and T3T3 (HLu—HLL:/ HL#y). The latter is excluded from
the present analysis because it appears to be undergoing diachronic change. The status of the
T3T3 alternation remains unsettled: older speakers tend to preserve the dissimilatory pattern,
whereas younger speakers are more likely to retain the original tone values. Moreover, unlike
the T1T1 rule, in which the contour shape of the first tone changes, the T3T3 rule primarily
involves register lowering rather than contour modification. For this reason, T3T3 is treated

here as background and is not included in the present analysis.

3.3 Methods
3.3.1 Participants
Eight native speakers of GuanM participated in this study (three females, five males; age range:

20 to 45 years old; mean age: 31.88 years old). They were from Xi’an (Shaanxi), China, and
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spoke GuanM daily. None of the participants reported any hearing or speaking disorders, and

they gave their written informed consent prior to the experiment.

3.3.2 Stimuli

In total, 45 disyllabic words were selected: fifteen from each of the TIT1, T2T2, and T4T4
sequences. All selected words consisted entirely of sonorants to avoid the FO perturbations
typically caused by obstruents and to ensure more accurate alignment and annotation. Table

3.3 lists all the stimuli that were used in this study.

Table 3.3 Stimuli used in Production Study 1

T1T1 T2T2 T4T4
B JRR T K2
u3lia3l ma24iou24 lan55man55
‘crow’ ‘sesame oil’ ‘romance’
w5 HiEs T
yan3lian31 mian24ian24 mian55liau55
‘mandarin duck’ ‘sheep’ “fabric’
yREE i PR T 35
iau3lpie31 mian24ma24  mian55mau55
‘evildoer’ ‘linen fabric’ ‘face’
VI ka2 EE
luo31ie31 lan24mei24 ian55maus5
‘fallen leaves’ ‘blueberry’ ‘appearance’
e FE Wiz
ien31lio31 ian24mau24 pau55yenS5
‘music’ ‘wool’ ‘Olympic games’
K R HhsE
lu3lien31 nun24mien24 ueS5masS
‘recording’ ‘farmer’ ‘takeout’
A Rl firia
uan31ye31 nan24men24 min55yenS55
‘crescent moon’  ‘south gate’ ‘destiny’
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3.3.3 Procedure

Before the study, ethical approval was obtained from the university’s research ethics committee
(CUREC 1A reference number R74409/RE001). All audio recordings were made in a quiet
room within the local community centre using a Samson Meteor Mic connected to a personal

Lenovo laptop; the recordings were processed via Audacity software at a sampling rate of 44.1

kHz.

The stimuli were presented to participants using Microsoft PowerPoint, with each slide

displaying only one target disyllabic word, followed by either a full stop “.  or a question

% I3 Vit A7
ye31li31 ian24mei24 ueS5maus5
‘experience’ ‘bayberry’ ‘foreign trade’
HR R i
ye31mo31 lian24mien24 min55lin55
‘end of month”  ‘good citizen’ ‘order’
H % L] A H]
mu31lu3l iau24pnian24 1i55yn55
‘catalogue’ ‘rumour’ ‘use’
Pk SEUN ZES
iou3lye31 mau24ly24 lin55lueiss
‘superior’ ‘donkey’ ‘alternative’
i it iz R
mu3ly31 mei24iou24 na&55 meids
‘bathing’ ‘kerosene’ ‘ambiguous’
M HR e (S
ian31ie31 iou24lyen24 min55nans5
‘tobacco’ ‘cruise’ ‘homicide’
2l et Wik
in31lie31 mau24niou24 155lyen55
‘heroes’ ‘yak’ ‘discussion’
64 LN L
iau31nio31 iou24y24 155ma55
‘invite’ ‘squid’ ‘charity sale’
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mark “? 7. Each target disyllabic word was repeated three times in a pseudorandomised order
to ensure that participants’ responses were not influenced by encountering the same stimuli too
often. Participants were instructed to imagine a conversational scenario for each slide. For
words followed by a full stop “. ”, participants were asked to produce the word with
declarative intonation, as if confirming or identifying it in response to someone pointing to or
mentioning it, similar to responding “Yes, that’s [word].” For words followed by a question
mark “? 7, they were asked to produce the word with interrogative intonation, as if they had
heard someone say it unclearly and were seeking verification, similar to asking “Did you say

[word]?”. For example, when presented with “Jfk Jill [ma24 iou24].  on the screen,

participants would be expected to produce it with declarative intonation, as if confirming

“That’s sesame o0il”. When presented with “JfkJi [ma24 iou24]? >, they would be expected to

say it with interrogative intonation, as if asking “Sesame 0il? Is that what you meant?”.

Before the main experiment, participants were given time to familiarise themselves with the
task and completed 10 practice trials using words that were not included in the experimental
stimuli. After completing the main task, participants also recorded all stimulus words twice to
establish a baseline. To maintain experimental consistency, these baseline tokens were
presented in the same format as the main task: each word appeared individually on a slide, and
the presentation order was pseudorandomised to mitigate order effects. Unlike the main task,
these tokens were produced in isolation without conversational context or punctuation cues,

serving as disyllabic reference forms®. It should be noted that while these baseline trajectories

8 Although monosyllabic citation forms are traditionally used as a baseline in tonal studies, this study uses
disyllabic reference forms instead. Since the intonational tunes under investigation are realised over a disyllabic
domain, the reference data must match this structure. Monosyllables would not be suitable, as isolated tones tend
to differ from tones in connected speech in duration and scaling. These disyllabic reference forms were included
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provide a necessary qualitative reference for visualising FO shifts, they were not included in
the formal statistical models, which were restricted to the comparison between declarative and
interrogative intonations to directly quantify the phonetic interaction between sentence type

and tone.

3.3.4 Annotation and Alignment

For each speaker, two of the three repetitions were selected for analysis. The selection was
made primarily at random; however, repetitions with obvious recording problems, annotation
difficulties, or unclear FO contours were excluded before selection, which ensured that the
analysis was based on consistent and clearly analysable audios while minimising the influence
of outliers or potential production errors. This selection resulted in a total of 180 recordings
per speaker (3 tones % 15 disyllables % 2 tunes % 2 repetitions). Each individual spectrogram
was visually inspected and subsequently annotated using Praat (Boersma & Weenink, 2023).
To maintain consistency in the annotations, the onset of each utterance was marked at the
beginning of the FO and the appearance of the F1, F2, and F3 formants, while the offset was
marked by the disappearance of the FO, F1, F2, and F3 formants. The audio files were then

annotated with two tiers: the syllable tier and the entire phrase tier.

3.3.5 Measurement
The acoustic measurements from the audio trials included duration, mean intensity, and register
change at both the phrase level and the individual syllable level. Duration was measured as the

length of the entire word phrase as well as each individual syllable. Register change was

for descriptive purposes only, providing a visual reference for the FO trajectories without intonational overlay.
They were not included in the formal statistical analyses, which compared declarative and interrogative conditions
directly. Since the research question concerns how question intonation interacts with tonal realisation, the
statement condition serves as the baseline against which question effects are measured (e.g., Yuan (2011)
conducted his study where only two intonations were directly compared).
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examined through several parameters, including mean FO, maximum FO, minimum F0, and FO
range, as well as the alignment of the maximum and minimum FO for both the entire phrase

and each syllable.

3.3.6 Statistical Analyses

The normalised FO contours in both intonations were calculated by extracting ten evenly
distributed FO points from each syllable for each speaker to analyse the FO trajectories across
these tones over time. The FO values were then normalised using semitone conversion (J. W.
Zhang, 2018)°, calculated relative to each speaker’s average FO across all their utterances. The

formula for this conversion was as follows:

FO

STFO =12 X lng(m

)

Following normalisation, the rate of FO change was calculated to quantify the overall direction
and speed of pitch movement over time. It is important to note that the purpose of this analysis
was not to model the precise shape of the tonal contour within each syllable, which is often
nonlinear in Chinese languages, but rather to extract the overall slope as a measure of how
rapidly and in which direction FO changes across the measured duration, which allows us to
examine how the overall pitch trajectory shifts under different intonational conditions; that is,
whether question intonation raises, lowers, or alters the angle of the pitch movement compared
to statements. Such a method is motivated by the phonetic implementation of AM Theory
including interpolation (Arvaniti, 2022), emphasising the pitch trajectory between tone targets,

as mentioned in Section 2.2.3.3.

°J. W. Zhang (2018) systematically compared 16 tone normalisation methods and concluded that ST-AvgF0
(semitone transformation relative to each speaker’s mean FO) is the most effective method for tonal variation
studies, as it preserves phonemic contrasts, minimises anatomical differences, and retains sociolinguistic variation
across speakers.
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For this purpose, linear regressions were computed separately for each syllable (10 evenly
distributed points) and for the entire phrase (20 evenly distributed points) using the Im function
in R (R Core Team, 2024). The linear regression equation used was:

y =kx + b

where k (the slope) represents the rate of pitch change over time, and b (the y-intercept)

indicates the starting pitch value at the beginning of the syllable.

Furthermore, generalised additive mixed models (GAMMs) were fitted in R (R Core Team,
2024) using the mgev package (Wood, 2011) to capture nonlinear FO and variability across
speakers and items. Semitone-normalised FO was modelled using smooth functions of
normalised time, with an interaction between Tone and Tune and random effects of Speakers

and Items.

For the statistical analysis, linear mixed-effects models were fitted using the ImerTest package
(Kuznetsova et al., 2017) in R (R Core Team, 2024) to examine the interaction between Tune
and Tone across various acoustic variables, including Duration, Mean Intensity, Mean FO,
Maximum FO, Minimum FO0, FO range, Maximum F0 alignment, and Minimum F0 alignment
at both whole-phrase and syllable levels, including an interaction term of Syllable across three
tonal categories: T1T1, T2T2, and T4T4. Random effects included Speaker, Repetition, and
Item. Post-hoc pairwise comparisons were further conducted using the emmeans package

(Lenth, 2024).

3.4 Results
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3.4.1 Normalised Representation of FO0 Curves

Figure 3.1 to Figure 3.3 present examples of waveforms for each of three tones in a statement
(on the left) and in a question (on the right) produced by the same speaker. These figures also
include spectrograms displaying the FO contours, together with the annotated files that show

the detailed alignments and annotations.

WWM
e W» MW»»W"”

syllable 1 syllable 2

Figure 3.1 Statement tune (left panel) and question tune (right panel) of T1T1 produced by

the same speaker

B

\lv,

B

syllable | syllable 2 &yllable 1 syllable 2

Figure 3.2 Statement tune (left panel) and question tune (right panel) of T2T2 produced by

the same speaker
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syllable 1 syllable 2 syllable 1 syllable 2

Figure 3.3 Statement tune (left panel) and question tune (right panel) of T4T4 produced by

the same speaker

Figure 3.4 below presents the time-normalised representation of mean FO. A consistent pattern
was found across all three tones: the FO curves of the question tune were consistently positioned
above those of the statement tune, indicating a higher overall FO for the question tune, while
the curves of the disyllabic reference form tended to fall in between the curves for the question
tune and the statement tune. Furthermore, in the case of the T1T1 question tune, the first
syllable (the first 10 points along the x-axis) maintained its dissimilation contour, shifting from
a falling tone to a rising tone, while the second syllable (the last 10 points) did not exhibit as
significant a drop as observed in its declarative counterpart. For T2T2, the FO curve of the
second syllable in the question tune showed a clear rise compared to its declarative form,
suggesting the potential function of a high boundary tone. As for T4T4, the FO curve of the
question tune rose even further, thus emphasising a higher pitch associated with the
interrogative tune. Another important observation was in T2T2 and T4T4 the question and
reference-form contours intersected in which the question tune began below the reference form
before crossing above it. No such intersection occurred in T1T1, where question tune remained

above the reference form throughout, diverging without crossing.
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TIT1 (HL—LH/_HL) || T2T2 (LHLH) || T4T4 (HH)

10-

FO (semitones)

0 2 ] 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Normalised time

Tune Question Reference form Statement

Figure 3.4 Time-normalised mean FO contours of disyllabic words across three tones

3.4.1.1 FO Change Rate

Regarding the FO change rate, which was calculated according to the slopes and intercepts,
both intercepts and slopes for the question tune were larger than they were for the statements
at the level of the entire phrase (Table 3.4). For T1T1, at the whole-phrase level, the question
tune had a positive slope of 0.13, indicating a slight rising tendency, whereas the statement had
a negative slope of -0.12, indicating a falling tendency. The intercept for questions was
consistently higher than it was for statements across all the syllables and tones (Table 3.5),
indicating that the pitch (or FO starting point) in questions was generally higher than it was in
statements. The slopes were consistently positive for both tunes for the first syllable across all
three tones, including the dissimilation contour of T1T1, thus suggesting an overall trend
towards a rising pitch. The slopes were also larger in questions, indicating a faster rate of pitch
change in questions compared to statements. In the second syllable, the slope was negative for
T1T1 in both tunes, reflecting the falling nature of T1. However, the slope for the statement (-
0.50) was steeper (i.e., more negative) than was that for the question (-0.27), implying that the

pitch in TIT1 statements fell more rapidly than it did in questions. For T2T2 and T4T4, the
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slopes were again larger in questions, further supporting the pattern of a faster pitch change in

questions compared to statements.

Table 3.4 Intercept and slope with SD in parentheses for three tones

Tone Tune Intercept(SD) Slope (SD)
T1T1 Q -0.30 (2.68) 0.13 (0.20)
S -2.73 (2.83) -0.12 (0.28)
T Q -2.33 (2.25) 0.34 (0.15)
S -4.80 (2.22) 0.12 (0.14)
T4T4 Q 2.20 (1.91) 0.13 (0.13)
S -1.23 (2.24) 0.02 (0.10)

Table 3.5 Intercept and slope with SD in parentheses by tone, syllable and tune

Tone Sy. Tune Intercept(SD) Slope (SD)
Sy.1 Q -2.69 (3.09) 0.57 (0.43)

TIT1 S -4.66 (3.17) 0.23 (0.43)
Sy.2 Q 5.90 (5.61) -0.27 (0.32)

S 3.20 (9.48) -0.50 (0.67)

Sy.1 Q -3.80 (2.83) 0.64 (0.36)

T2 S -5.79 (2.76) 0.33 (0.32)
Sy.2 Q -1.46 (4.22) 0.27 (0.28)

S -4.37 (3.16) 0.09 (0.19)

Sy.1 Q 1.54 (1.94) 0.25(0.21)

TAT4 S -1.54 (2.37) 0.08 (0.21)
Sy.2 Q 3.72 (2.68) 0.03 (0.17)

S -0.28 (3.31) -0.04 (0.18)

To further verify the differences between the slopes and intercepts of the questions and the
statements, linear mixed effect models were applied to both whole-phrase level and at the
syllable level for the slope and intercept analyses. These models included fixed effects for Tone,
Tune, and Syllable in the syllable-level comparisons, while Speaker was treated as a random
effect. Post-hoc tests were also performed, using the phia package (De Rosario-Martinez, 2012)

in R (R Core Team, 2024). The results revealed that the main effects of Tone, Tune, and
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Syllable (at the syllable level) were significant in both models, and interactions between Tone
and Tune, as well as between Tone and Syllable (at the syllable level), were also significant (p
<.05). The post-hoc tests showed that the intercepts and slopes differed significantly between
questions and statements across all tones at both whole-phrase level and at the syllable level

(all ps < .05). The complete post-hoc results are presented in Table 3.6 at the whole-phrase

level and Table 3.7 at the syllable level.

Table 3.6 Post-hoc pairwise comparison result for intercept and slope at the whole-phrase

level (Production Study 1)

Intercept Slope
p SE df x? )4 p SE df x? )4
TITI 243 020 1 14325 <.001 025 001 1 289.23 <.001
T2T2 247 020 1 14821 <.001 0.22 0.01 1 211.10 <.001
T4T4 343 020 1 28505 <.001 0.10 001 1 4761 <.001

Table 3.7 Post-hoc pairwise comparison result for intercept and slope at the syllable level

(Production Study 1)

Intercept Slope
p SE df p? )4 p SE df x? )4
Sy.1 198 038 1 2745 <.001 035 0.03 1 133.65 <.001
T Sy2 270 038 1 511 <.001 023 003 1 6023 <.001
T9T2 Sy.1 198 038 1 27.61 <.001 032 0.03 1 110.64 <.001
Sy2 291 038 1 59.60 <.001 0.19 003 1 3798 <.001
TaTa Sy.1 3.07 038 1 66.19 <.001 0.17 003 1 33.07 <.001
Sy2 400 038 1 112.07 <.001 0.06 0.03 1 4.66 .0309

3.4.1.2 GAMMs
This section provides the results obtained from the GAMMSs. Figure 3.5 illustrates the

differences in pitch contours among statement, question, and reference forms across the three
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tones. In all three tones, the pitch contour for reference forms was usually positioned above the
FO tracks of both questions and statements, with minimal overlap in their confidence intervals
(CIs). For T1T1, questions generally exhibited a higher pitch, characterised by a gradual
decline in the second syllable. Conversely, statements peaked initially and then declined
dramatically throughout in the second syllable. Questions displayed a rising trend over time,
while statements showed a declining trajectory. The pitch contour for questions rose steadily
across both syllables in T2T2 and maintained a higher average pitch compared to statements,
which showed a more moderate rise in the second syllable. Questions and statements mainly
differed in their pitch levels for T4T4, with questions consistently having a higher pitch across
both syllables. Questions displayed a rising trend in the second syllable, whereas statements
remained relatively flat. The non-overlapping CIs between statements and questions across all
three tones indicated significant differences in both pitch levels and the shapes of the pitch

contours in the two types of utterances.

T1T1 (HL—LH/_HL) || T2T2 (LHLH) || T4T4 (HH)

0.0~

FO (semitones)

6 ; 1‘() Ill ].\ ll(\ IIA\ 1:! i 1 (Iv l ]‘U 1‘1 lll ].(v WIN ZIH i 'l (‘v : lIH ]IZ ].| llh I'N ZIU
Normalised time

Tune Question Reference form -~ Statement

Figure 3.5 Time-normalised smoothed FO trajectories of disyllabic words for T1T1, T2T2,

and T4T4, predicted by GAMMs with 95% confidence intervals

3.4.2 Duration
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At the whole-phrase level (on the left of Figure 3.6), significant main effects were observed for
Tune, Tone, and their interaction (Tune: y%(3) =291.43, p <.001; Tone: y%(4)=151.19, p <.001;
Tune x Tone: y%(2) = 137.36, p < .001). Post-hoc analyses indicated that question tunes
generally had longer durations compared to statement tunes. Specifically, the question tune
duration was significantly longer for T1T1 (= 80.52, #1390) = 17.32, p <.001) and T4T4 (f
= 21.96, 1(1390) = 4.72, p < .001), although the difference for T2T2 was not statistically

significant (f = 5.42, (1390) = 1.17, p = .244).

At the syllable level (on the right of Figure 3.6), significant main effects and interactions were
observed for Tune, Tone, and Syllable on Duration. The main effect of Tune was highly
significant (y%(6) = 560.49, p < .001), as were Tone (y%8) = 303.96, p < .001) and Syllable
(x%(6) = 3170.70, p < .001). Significant two-way interactions were found between Tune and
Tone (y%(4) = 171.16, p < .001), Tune and Syllable (y%3) = 352.55, p <.001), and Tone and
Syllable (y%(4) = 193.80, p < .001). In addition, the three-way interaction among Tune, Tone,
and Syllable was significant (y%2) = 69.80, p < .001). The post-hoc analysis showed a pattern
in which the first syllable of the question tune was generally shorter than was the second
syllable. This difference was statistically significant for T2T2 (f =-9.97, 1(2836.02) =-2.63, p
=.009) and T4T4 (5 =-12.18, 1(2836.02) =-3.21, p = .001), although it was not significant for
TITI (f=-4.22,1(2836.02) =-1.11, p =.266). Furthermore, the second syllable of the question
tune was significantly longer than was that of the statement tune across all three tones (T1T1:
=84.74, 1(2836.02) =22.34, p < .001; T2T2: f=16.72, 1(2836.02) = 4.41, p < .001; T4T4: p =
34.14, 1(2836.02) = 9.00, p < .001). These findings suggest a lengthening effect in the second

syllable of the question tune.
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Figure 3.6 Duration (ms) at the whole-phrase level (left panel) and at the syllable level

(right panel) across three tones

3.4.3 Mean Intensity

At the whole-phrase level (Table 3.8), significant main effects were observed for Tune, Tone,
and their interactions on mean intensity (Tune: y(3) = 501.33, p <.001; Tone: y%(4) = 16.19, p
= .003; Tune x Tone: y%2) = 6.59, p = .037). Post-hoc tests further showed that questions
consistently had a significantly higher mean intensity compared to statements across all the
tones: TIT1 (B =3.20, #(1390) = 14.87, p <.001), T2T2 (f = 3.31, #(1390) = 15.39, p < .001),

and TAT4 (8 = 2.58, (1390) = 12.02, p <.001).

Table 3.8 Mean Intensity (dB) with SD in parentheses for three tones

Tone Tune Mean Intensity

Ty Q 66.13(437)
S 62.93(3.96)
Q  65.71 (4.40)
T2T2
S 62.40(4.07)
T4s Q_ 6589(449)
S 63.31(3.81)
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At the syllable level (Table 3.9), significant main effects were observed for Tune (y%(6) =
813.32, p < .001), Tone (y%8) = 55.24, p < .001), and Syllable (y(6) = 86.18, p < .001),
indicating that each of these factors independently impacted mean intensity. Significant two-
way interactions were also found between Tune and Tone (y3(4) = 24.32, p <.001), Tune and
Syllable (y%(3) = 51.35, p <.001), and Tone and Syllable (y%(4) = 29.88, p <.001). In addition,
a significant three-way interaction among Tune, Tone, and Syllable (y%2) = 6.21, p = .045)
was observed. Post-hoc analyses discovered that the mean intensity was consistently higher for
questions than it was for statements across both syllables in all the tones. For the first syllable,
questions had significantly higher intensity compared to statements in TITI (8 = 2.26,
#(2836.02) = 9.44, p <.001), T2T2 ( = 2.61, #2836.02) = 10.95, p < .001), and T4T4 (S =
1.78, 1(2836.02) = 7.46, p < .001). Similarly, for the second syllable, questions showed
significantly greater intensity compared to statements for TIT1 (f = 4.25, #(2836.02) = 17.81,
p <.001), T2T2 (B = 3.53, 1(2836.02) = 14.79, p < .001), and T4T4 ( = 2.81, #(2836.02) =

11.77, p < .001).

Table 3.9 Mean Intensity (dB) with SD in parentheses by tone, syllable and tune

Tone Sy. Tune Mean Intensity

Q 6554 (4.16)
Yl 520060
TITI il e
Q 6622 (4.69)
Sy.2
S 61.97 (4.69)
Q 6486 (4.43)
Yl 6224 (@.06)
T2T2 i v
Q 6587 (455)
Sy.2
S 6234 (4.20)
Q  6483(4.72)
Yl 605 6o
T4T4 S
Q  66.13 (4.60)
Sy.2
S 63.32(3.90)
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3.4.4 Mean F0

At the whole-phrase level (Table 3.10), significant main effects were found for Tune (y%3) =
982.34, p <.001) and Tone (y%(4) = 80.78, p <.001), while their interaction was not statistically
significant (Tune x Tone: y%(2) = 2.39, p = .303). Post-hoc pairwise comparisons of the mean
FO at this level indicated that, across all the tones, questions consistently showed significantly
higher mean FOs compared to statements ((T1T1: f=56.11, #1393.72) =20.38, p <.001; T2T2:

p=06134,41393.72) =22.27, p <.001; T4T4: f = 61.30, #(1393.72) = 22.26, p < .001).

Table 3.10 Mean FO (Hz) with SD in parentheses for three tones

Tone Tune Mean FO

Ty Q22053 (82.25)
S 164.42 (57.91)
Q  226.70(77.23)
T2T2
S 165.36 (54.16)
rarq Q24898 (89.81)
S 187.69 (59.42)

At the syllable level (Table 3.11), significant main effects were found for Tune, Tone, and
Syllable (Tune: y%(6) = 1769.70, p < .001; Tone: y%8) = 119.12, p < .001; Syllable: y%6) =
186.73, p < .001). Significant two-way interactions were also observed between Tune and
Syllable (y%(3) = 69.34, p < .001) and between Tone and Syllable (y(4) = 39.19, p < .001).
However, the interaction between Tune and Tone was not significant (y%(4) = 4.81, p = .308),
indicating that the effect of Tune on the mean FO0 did not differ significantly across Tone levels.
Similarly, the three-way interaction among Tune, Tone, and Syllable was not significant (y%(2)
= 3.93, p = .140). In addition, significant differences in the mean FO were found between
questions and statements across all the tones and for both syllables, with questions consistently
having a higher pitch. Specifically, for T1T1, the first syllable of the question had a

significantly higher pitch compared to the corresponding syllable in the statement (f = 47.21,
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#(2835.03) = 16.59, p <.001), while the second syllable showed an even larger difference (=
64.78, #(2835.12) = 22.74, p < .001). A similar pattern was found in T2T2: The first syllable
displayed a mean FO difference of 43.35 Hz (#2835.03) = 15.23, p < .001), while the second
syllable exhibited an even greater difference (f = 68.42, #2835.03) = 24.04, p < .001). For
T4T4, the first syllable differed between question and statement intonation by 51.23 Hz
(1(2835.03) = 18.00, p <.001), with the second syllable showing an even larger pitch difference

of 65.26 Hz (£(2835.03) = 22.93, p < .001).

Table 3.11 Mean FO (Hz) with SD in parentheses by tone, syllable and tune

Tone Sy. Tune Mean F0

Syl Q  213.21(76.75)
- S 165.99 (56.11)
Sy Q  225.56(89.80)

S 160.35 (63.31)

Sy.1 Q  203.61 (63.68)
T S 160.25 (52.34)
52 Q  236.28(81.38)

S 167.86 (55.55)

Sy.1 Q  237.60(83.56)
T4 S 186.37 (58.96)
Sy Q  253.41(93.40)

S 188.16 (59.74)

3.4.5 FO Extremes

At the whole-phrase level, for maximum F0, the main effects of Tune, Tone, and their
interaction were significant (Tune: y%3) =718.87, p <.001; Tone: y%(4) =25.33, p <.001; Tune
x Tone: y%2) =16.12, p <.001). Post-hoc pairwise comparisons of maximum F0 at the whole-
phrase level showed that questions consistently exhibited significantly higher maximum FO
compared to statements across all the tones (T1T1: f = 56.77, #(1393.72) = 14.86, p < .001;

T2T2: p=78.30, (1393.72) = 20.49, p < .001; T4T4: = 65.06, #(1393.72) = 17.03, p <.001).
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At the syllable level of maximum FO, Tune, Tone, and Syllable each showed significant main
effects. Tune had a particularly strong influence (y%(6) = 1565.90, p <.001), while Tone (y*%8)
=63.43, p <.001) and Syllable (y%(6) = 87.99, p <.001) also demonstrated considerable effects,
suggesting that all three factors independently affected maximum FO. Significant two-way
interactions were also observed, specifically between Tune and Tone (y%(4) = 12.49, p = .014),
Tune and Syllable (y%(3) = 31.50, p <.001), and Tone and Syllable (y%(4) = 41.81, p <.001).
Furthermore, a significant three-way interaction among Tune, Tone, and Syllable (y%2) = 7.86,
p = .020) was found. The post-hoc analysis of maximum FO confirmed that there were
consistent differences between questions and statements across all the tones and syllables, with
questions showing higher maximum FO. For example, the first syllable in questions in T1T1
had a significantly higher maximum FO compared to statements (5 = 58.63, #(2836.03) = 16.99,
p <.001), while the difference was even larger in the second syllable (f = 63.40, #(2836.03) =
18.37, p <.001). Such trend persisted in T2T2, in which the first syllable differed by 56.02 Hz
(1(2836.03) = 16.23, p <.001) and the second syllable showed an even larger increase of 80.00
Hz (#(2836.03) = 23.18, p <.001). For T4T4, questions exhibited a mean FO increase of 56.12
Hz in the first syllable (#(2836.03) = 16.26, p <.001) and a 68.56 Hz rise in the second syllable

(£(2836.03) = 19.86, p < .001).

Similarly, at the whole-phrase level for minimum FO, the main effects of Tune, Tone, and their
interaction were also significant (Tune: y%(3) = 666.42, p <.001; Tone: y3(4) = 166.03, p <.001;
Tune x Tone: y%2) = 40.21, p <.001). Post-hoc pairwise comparisons of minimum FO at the
whole-phrase level revealed that questions consistently exhibited significantly higher

minimum FO compared to statements across all the tones (T1T1: = 44.64, 1(1390) = 19.96, p
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<.001; T2T2: =25.39,#1390) = 11.35, p <.001; T4T4: f=40.25, #1390) = 18.00, p <.001).

See Table 3.12 for the average maximum and minimum FO at the whole-phrase level.

Table 3.12 Maximum and minimum FO (Hz) with SD in parentheses for three tones

Tone Tune Maximum FO Minimum FO
TIT1 Q 253.21(102.33) 170.10 (55.32)
S 196.54 (79.47)  125.46 (45.95)
T2 Q 267.01 (92.23) 164.58 (52.25)
S 188.71 (64.05)  139.20 (45.19)
TAT4 Q 265.60 (94.32)  210.29 (68.10)
S 200.54 (63.26)  170.03 (53.40)

At the syllable level for minimum FO, all main effects and interactions were significant. The
analysis revealed strong main effects for Tune (y%(6) = 1552.70, p <.001), Tone (3% 8) =200.43,
p <.001), and Syllable (y%6) = 505.92, p <.001). Significant interactions were found between
each pair of factors: Tune and Tone (y%(4) =42.08, p <.001), Tune and Syllable (y%(3) =236.38,
p <.001), and Tone and Syllable (y%(4) = 64.24, p <.001), as well as the three-way interaction
(r*(2) = 21.58, p < .001). The post-hoc analysis of minimum FO revealed that there were
consistent differences between questions and statements across all the tones and for both
syllables, with questions showing higher minimum F0. The first syllable of the question in
T1T1 had a significantly higher minimum FO compared to the corresponding syllable in the
statement (f = 28.65, #2836.02) = 10.69, p < .001), while the difference was even greater in
the second syllable (5 =73.83, #(2836.02) =27.54, p <.001). A similar trend appeared in T2T2,
in which the first syllable differed by 23.12 Hz (#2836.02) = 8.62, p <.001), and the second
syllable showed a larger increase of 55.97 Hz (#2836.02) = 20.88, p <.001). The minimum FO
in the first syllable in T4T4 was higher by 38.22 Hz (#2836.02) = 14.26, p < .001), while the

second syllable showed a difference of 58.49 Hz (#(2836.02) = 21.82, p < .001). Both higher
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maximum and minimum FOs suggests that the question pitch is lifted. See Table 3.13 for the

average maximum and minimum FOs at the syllable level.

Table 3.13 Maximum and minimum FO (Hz) with SD in parentheses by tone, syllable and

tune

Tone Sy. Tune Maximum FO Minimum FO
Sy.1 Q 246.89 (96.19)  173.27 (56.10)
T1T1 S 188.26 (66.29)  144.62 (46.98)
Sy.2 Q 249.20 (102.24) 205.06 (78.45)
S 185.81(79.81)  131.23 (53.87)
Sy.1 Q 235.88 (84.51) 164.68 (52.29)
T2 S 179.86 (60.58)  141.56 (45.43)
Sy.2 Q 266.26 (92.44) 207.90 (71.30)
S 186.26 (63.63) 151.92 (51.17)
Sy.1 Q 253.67 (90.77)  211.63 (68.29)
TAT4 S 197.54 (62.46) 173.41 (53.69)
Sy.2 Q 262.01 (94.57)  239.05 (88.87)
S 193.44 (61.71)  180.57 (57.72)

3.4.6 FO Range

At the whole-phrase level (on the left of Figure 3.7), significant main effects were observed for
Tune, Tone, and their interaction on FO range (Tune: y3(3) = 288.60, p < .001; Tone: y%(4) =
163.13, p <.001; Tune x Tone: y3(2) = 76.17, p < .001). Questions consistently displayed a
significantly higher FO range compared to statements across all the tones. For T1T1, the FO
range difference was estimated at 12.12 Hz (f = 12.12, #1390.79) = 3.63, p = .0003), while the
difference for T2T2 was significantly larger at 52.91 Hz (8 = 52.91, #(1390.79) = 15.83, p
<.001). In T4T4, the FO range difference was 24.80 Hz (f = 24.80, #(1390.79) =7.42, p < .001),

further demonstrating the consistent trend across the tones.
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At the syllable level (on the right of Figure 3.7), the main effects for Tune (y%6) = 398.7, p
<.001), Tone (yA(8)=199.91, p<.001), and Syllable (y%(6) =221.19, p <.001) were significant,
as were all the two-way interactions, Tune and Tone interacted significantly (y%(4) = 99.05, p
<.001), as did Tune and Syllable (y%3) = 120.29, p <.001), and Tone and Syllable (y%(4) =
54.51, p <.001). A significant three-way interaction among Tune, Tone, and Syllable (y3(2) =
47.12, p < .001) was also found. In the post-hoc analysis, the first syllable of the question in
TIT1 had a significantly larger FO range compared to the corresponding syllable in the
statement (f = 29.98, #(2836) = 11.14, p <.001). By contrast, the second syllable displayed a
significantly smaller FO range compared to the statement (f = -10.44, #2836) = -3.88, p
=.0001), suggesting a more obvious fall in the second syllable of T1 in the statement tune. For
T2T2, both syllables in questions had a greater FO range than they did in statements, with a
larger difference in the first syllable (5 = 32.90, #(2836) = 12.23, p < .001) compared to the
second syllable (5 = 24.02, #(2836) = 8.93, p <.001). Similarly, for T4T4, the first syllable in
questions showed a higher FO range (5 = 17.90, #(2836) = 6.66, p < .001), while the second

syllable exhibited a smaller but still significant increase (f = 10.07, #2836) = 3.75, p = .0002).
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Figure 3.7 FO range (Hz) at the whole-phrase level (left panel) and at the syllable level

(right panel) across three tones
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3.4.7 Maximum F0 and Minimum F0 Alignment

The maximum and minimum FO alignments were calculated based on the timing of the
maximum or minimum FO relative to the syllable length and to the whole-phrase length. For
the maximum FO alignment, the main effects of Tune, Tone, and their interaction were
significant at the whole-phrase level (Tune: y%(3) = 188.79, p < .001; Tone: y%(4) = 140.79, p
< .001; Tune x Tone: y*(2) = 44.17, p < .001). The post-hoc analysis showed significant
differences in the maximum FO alignment between questions and statements for T2T2 (f =
0.21,#1389.94)=9.13, p <.001) and T4T4 (f =0.25, #(1389.94) = 10.73, p <.001), suggesting
that the peak pitch in questions occurred relatively later than in statements for these tones.
However, the difference was not statistically significant for TIT1 (5= 0.04, #1389.94) = 1.85,

p=.065).

At the syllable level, there were significant main effects for Tune, Tone, and Syllable (Tune:
x(6) =256.19, p < .001; Tone: y%8) = 473.53, p <.001; Syllable: y%(6) = 871.15, p <.001).
Significant two-way interactions were also observed between Tune and Tone (y%(4) =25.57, p
<.001), Tune and Syllable (y%3) = 52.64, p <.001), and Tone and Syllable (y%4) = 363.63, p
<.001), as well a significant three-way interaction among Tune, Tone, and Syllable (y%2) =
7.93, p = .019). The post-hoc analysis showed that, in T1T1, the first syllable in questions
showed a significantly later maximum FO location compared to statements (8 =0.22, #(2835.97)
=7.69, p <.001), whereas no significant difference was found for the second syllable (# = 0.00,
#(2835.97) =-0.14, p = .887). For T2T2 and T4T4, the first syllable in questions also showed
a later maximum FO than it did in statements (T2T2: f = 0.19, #2835.97) = 6.63, p < .001;

T4T4: f=0.32, (2835.97) = 11.08, p <.001). Similarly, the second syllable exhibited a later
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maximum F0 in questions, although with smaller effect sizes (T2T2: f = 0.12, #(2835.97) =

4.27,p <.001; T4T4: f=0.14, 1(2835.97) = 4.83, p < .001).

For the minimum FO alignment at the whole-phrase level, significant main effects were found
for Tune, Tone, and their two-way interaction (Tune: y%3) = 392.33, p <.001; Tone: y%(4) =
152.09, p < .001; Tune x Tone: y%2) = 77.99, p < .001). The post-hoc result indicated that,
questions consistently exhibited an earlier minimum FO location compared to statements across
all tones at the whole-phrase level. Specifically, for TITI, the minimum FO location was
significantly earlier in questions (f = -0.48, #(1389.94) = -18.44, p <.001), and similar trends
were observed for T2T2 (f=-0.20, #1389.94) =-7.70, p <.001) and T4T4 (5 =-0.19, £(1389.94)

= 7.29, p <.001).

At the syllable level, similar findings were found that significant main effects and interactions
were observed across Tune, Tone, and Syllable, as well as in their two-way and three-way
interactions (Tune: y%(6) = 215.68, p <.001; Tone: y*(8) = 265.18, p <.001; Syllable: y%(6) =
1024.5, p <.001; Tune x Tone: y3(4) =55.75, p <.001; Tune x Syllable: y%3) = 68.72, p <.001;
Tone x Syllable: y(4) = 188.17, p < .001; Tune x Tone x Syllable: y%(2) = 49.12, p < .001).
The post-hoc result showed that, for T1T1, the first syllable in questions had a significantly
earlier minimum FO location than it did in statements (5 =-0.26, #2835.97) =-10.54, p <.001),
while no significant difference was observed for the second syllable (f = 0.03, #(2835.97) =
1.12, p = .263). For both T2T2 and T4T4, questions displayed a significantly earlier minimum
FO location compared to statements for both syllables; in the first syllable (T2T2: g = -0.10,
#(2835.97)=-4.17, p <.001; T4T4: p =-0.14, #(2835.97) = -5.62, p < .001) and, in the second

syllable (T2T2: g =-0.08, #(2835.97) = -3.42, p = .0006; T4T4: f=-0.17, #(2835.97) = -7.09,
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p <.001). See Table 3.14 and Table 3.15 for the maximum FO and minimum F0 alignments at

the whole-phrase level and at the syllable level, respectively.

Table 3.14 Maximum FO and minimum FO alignment with SD in parentheses for three tones

Tone Tune Maximum FO Minimum FO
Alignment Alignment
TIT1 Q 37.12 (16.53) 22.18 (35.88)
S 32.77 (24.85) 70.33 (35.29)
T2 Q 83.32(21.50) 4.65 (8.18)
S 61.86 (37.65) 24.75(28.14)
TAT4 Q 60.78 (28.85) 13.98 (28.78)
S 35.56 (33.86) 33.00 (40.41)

Table 3.15 Maximum F0O and minimum F0 alignment with SD in parentheses by tone,

syllable and tune

Tone Sy. Tune Maximum FO Minimum FO
Alignment Alignment

Sy.1 Q 82.94 (30.05) 15.81(23.26)

T1T1 S 60.67 (43.18) 41.45 (39.15)
Sy.2 Q 10.76 (20.16) 75.78 (26.71)

S 11.17 (26.80) 73.06 (23.52)

Sy.1 Q 89.45 (21.58) 11.54(11.89)

T2 S 70.24 (40.43) 21.69 (17.28)
Sy.2 Q 77.41 (29.00) 29.05 (19.15)

S 65.05 (39.84) 37.38 (13.40)

Sy.1 Q 77.12 (34.83) 13.75(21.24)

TAT4 S 45.05 (42.09) 27.43 (32.56)
Sy.2 Q 51.73 (31.37) 44.55 (46.10)

S 37.75 (30.33) 61.80(40.31)

3.5 Discussion

3.5.1 Statistical Results Revisited

The statistical results from the previous section are summarised in Table 3.16.
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Table 3.16 Summary of the statistical results of Production Study 1

Factor

Level

Summary

FO Change
Rate

Whole-
Phrase

e Questions had significantly higher slopes and intercepts,

indicating a higher FO change rate compared to statements.
T1T1: Questions had a positive slope while statements had a
negative slope.

T2T2 and T4T4: Both questions and statements had positive
slopes.

Syllable

Intercept: Questions had significantly larger intercepts for both
syllables compared to statements.
Slopes:
o First syllable: Both tunes had positive slopes, indicating a
rising tendency.
o Questions had significantly steeper slopes, indicating a
stronger rising tendency.
o Second syllable:
= TITI: Slopes were negative for both tunes, but
questions were less negative than statements, indicating
less of a falling tendency in questions.
= T2T2: Positive slopes for both tunes, with questions
being significantly steeper.
* T4T4: Positive slope for questions and negative
slope for statements, with questions showing a larger
slope.

Duration

Whole-
Phrase

Questions were longer than statements overall; significantly
longer for T1T1 and T4T4, but not significantly for T2T2. T1T1
difference was the largest.

Syllable

First syllable: Questions were shorter than statements;
significantly for T2T2 and T4T4, but not significantly for T1T1.
Second syllable: Questions were significantly longer than
statements. T1T1 had the largest difference, followed by T4T4
and then T2T2.

Mean
Intensity

Whole-
Phrase

Questions had a significantly higher mean intensity than
statements.

Syllable

Questions had a significantly higher mean intensity for both
syllables than statements.

FO (Mean,
Maximum,
Minimum)

Whole-
Phrase

Questions had significantly higher mean, maximum, and
minimum FO than statements.

Syllable

Questions had significantly higher mean, maximum, minimum
FO for both syllables than statements.
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The second syllable had larger differences between questions
and statements compared to the first syllable.

Questions had a significantly larger FO range than statements.

;Yl}rlzslz_ The largest difference was found in T2T2, followed by T4T4 and
TI1TI.
TITI:
o First syllable: The FO range was significantly larger in
questions than in statements.
FO Range o Second syllable: The FO range was significantly smaller in
Syllable questions than in statements.
T2T2 and T4T4:
o Questions had a significantly larger FO range than
statements.
o The first syllable showed a greater difference between
questions and statements than the second syllable.
Whole- Maximum FO occurred later in questions than in statements;
Phrase significantly for T2T2 and T4T4, but not significantly for T1T1.
TITI:
. o First syllable: Maximum FO occurred significantly later in
Maximum . .
FoO questions than in statements.

Alignment Syllable

o Second syllable: No significant differences.
T2T2 and T4T4:
Both syllables had later maximum FO in questions than in
statements, with the second syllable showing a smaller
difference between questions and statements.

Whole- Minimum FO occurred significantly earlier in questions than in
Phrase statements.
TITI:

Minimum
FO
Alignment Syllable

o First syllable: Minimum FO occurred significantly earlier in
questions than in statements.
o Second syllable: No significant differences.

T2T2 and T4T4:
o Both syllables had significantly earlier minimum FO
alignment in questions than in statements.

It is observed that the acoustic realisation of yes-no questions in GuanM is encoded through

multiple parallel acoustic features. The following sections discuss the temporal organisation,

pitch trajectory modifications, and global prosodic settings.
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3.5.2 Duration

Duration acts a critical temporal cue for interrogativity in GuanM, varying systematically
according to the compatibility between the lexical tone and the interrogative contour. At the
whole-phrase level, questions were generally longer than their declarative counterparts, with a
significant rise in duration observed for the T1TI1 (rising-falling) and T4T4 (high-level)
sequences. Nevertheless, the T2T2 (rising-rising) sequence did not exhibit the significant
lengthening, which can be attributed to the articulatory compatibility between the lexical tone
and intonation. Since T2 is inherently rising, the superimposition of a high boundary tone (H%)
creates a facilitative interaction, meaning the intonational rise can be achieved without
requiring additional time. In contrast, for T1T1 and T4T4, the interaction is incompatible. For
T1TI (rising-falling), the speaker must counteract the downward trajectory to accommodate

the H%; for T4 (high-level), the speaker must generate a rise where none exists lexically.

At the syllable level, an asymmetric distribution of duration was found. Speakers consistently
compressed the initial syllable whilst significantly lengthening the final syllable in questions.
This suggests a strategy of temporal reorganisation to facilitate the realisation of the boundary
tone. The final syllable acts as the primary locus for the intonational contrast, requiring
extended duration to fully realise the H%. This effect is most evident in the second syllable of
T1T1. Crucially, although the T1 contour remains phonetically falling in questions, the
presence of the H% boundary tone demands a significantly higher ending point compared to
the statement counterparts. Consequently, the speaker must exert articulatory effort to mitigate
the steepness of the fall, which acts as a slowing mechanism: the speaker requires more time
to execute a controlled, shallower fall that sustains the pitch height at the offset in questions,
as opposed to the rapid, unrestricted drop observed in statements. These findings align with

previous research on SC, for instance, Yuan (2004) observed that final tones with conflicting
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trajectories (such as low-rising T3 and falling T4) were significantly lengthened in questions,
whereas high (T1) and rising (T2) tones, which are more compatible with high registers,

showed less variation.

3.5.3 F0 Change Rate

The FO change rate was quantified using the intercept and slope of a fitted line, which showed
evidence for the separation of global and local prosodic mechanisms. First, the intercept values
serve as the primary indicator of the global register effect. Across all tone sequences and both
syllables, questions exhibited significantly higher intercept values than statements, indicating
that the FO starting point is systematically raised regardless of the lexical tone, suggesting that
speakers employ a global register expansion strategy to signal interrogativity from the very

onset of the utterance.

In contrast, the slope analysis reveals that interrogativity is not merely a global lift, but involves
a distinct H% at the phrase edge, which is manifested by the specific pitch trajectories on the

final syllable, which varies according to the lexical environment.

For TITI1 (rising-falling), while the first syllable maintained its positive slope (likely
preserving the tone dissimilation rule), the second syllable revealed a clear interaction between
the falling lexical target and the rising intonation. Statements showed a steep negative slope,
whereas questions showed a significantly less negative slope, indicating a mitigated fall in
which the H% exerts an upward pull, counteracting the lexical declination even if it does not

fully reverse it.
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Regarding T2T2 (rising-rising), the H% operates collaboratively with the lexical tone.
Questions had a significantly steeper positive slope than statements on the final syllable. While
statements showed a minimal positive tendency (likely dampened by a low boundary tone or
declination), the question intonation accelerated the rising pattern, confirming that the H%

target actively enhances the lexical rise.

In the case of T4T4 (high-level), this sequence offers the clearest evidence of an opposite
change. While statements displayed a negligible negative slope on the final syllable (possibly
indicative of natural declination in statements), questions exhibited a positive slope. This
qualitative slope inversion, turning a flat or nearly-fall contour into a rise, cannot be explained
by global register raising alone. It confirms the presence of a specific, phonologically encoded

H% at the end of the phrase edge. This H% will be elaborated on further in Section 3.5.6.

3.5.4 Register and Intensity

The first question concerns whether syntactically unmarked yes-no questions in GuanM exhibit
a declination or a rising tendency. The FO change rate analysis demonstrated that all tonal
sequences displayed positive slopes at the whole-utterance level, confirming that the global
intonation pattern of questions in GuanM is characterised by a consistent upward trajectory,

effectively blocking the natural declination typically observed in statements.

Furthermore, questions consistently exhibited higher mean, maximum, and minimum FO
values compared to statements at both the whole-phrase and syllable levels, indicating that
questions are produced with a globally raised pitch register, where both the FO floor and ceiling
are elevated. Such global register rising is also reported by F. Liu and Xu (2005) for SC, who

found that the intonation pattern of yes-no questions was characterised by pitch raising that
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followed an exponential (or even double-exponential) function across the entire sentence,
rather than a simple final pitch rise. Additionally, questions were produced with higher
intensity across both syllables, suggesting that the physiological mechanism involves increased

subglottal pressure to support this global raising.

However, it is crucial to separate this global register effect from the local phonological impact
at the phrase edge. While the global raising elevates the entire contour, the FO difference
between questions and statements was not uniform. The second syllable (also the last syllable
in this study) displayed a significantly larger pitch difference than the first, indicating that the
pitch rise is specifically intensified at the endpoint. This cumulative widening of the pitch gap
demonstrates that the final FO height is not merely the result of a static register lift, but of a
superposition of two effects:

1. Global Register Raising: Provides an elevated baseline across the entire utterance.

2. Local Phonological Target: Exerts an additional upward pull at the endpoint.
This observation is consistent with P. Jiang and Chen (2011), who reported global rising

intonation and prominence at syllable-final positions in yes-no questions in SC.

3.5.5 The Mechanism of the Final Rise

In this study, we posit that syntactically unmarked yes-no questions in GuanM are characterised
by a phonological final rise. However, the surface realisation of this rise is not uniform; rather,
it is tone-dependent, influenced by the interaction between pitch range expansion, global

register raising, and temporal realignment at the phrase edge.

First, the analysis of FO range reveals how the final rise interacts with different lexical tones.

Overall, questions exhibited a significantly larger FO range than statements, particularly on the
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final syllable. Substantial expansion was observed in the T2T2 (rising) and T4T4 (high)
sequences, suggesting that tones with inherently rising or high properties were further
exaggerated by the question intonation. However, the T1T1 sequence displayed a conflicting
pattern. While the first syllable expanded, the second syllable, an inherently falling tone,
showed a reduced FO range compared to statements, which is interpreted as a phonetic
compression at the phrase-final position. To accommodate the final rise without destroying the
essential falling nature of T1, the speaker creates a mitigated fall, compressing the range to

prevent the pitch from dropping as low as it typically would in a statement.

In addition to FO range modification, as discussed in the previous section, the FO scaling data
indicates that interrogative utterances were produced with an overall raised pitch register,
evidenced by higher maximum and minimum FO values compared to statements. Moreover,
the magnitude of this difference was not uniform across the phrase; the most significant
difference in FO extrema occurred on the second syllable, indicating the cumulative widening
of the gap at the end of the utterance, which suggests that, while the register lift is global, the

phrase-final position serves as the primary locus of interrogative marking.

Furthermore, the alignment of FO minimum and maximum provides temporal evidence for this
phrase-final target. Generally, the Maximum FO occurred later in questions than in statements,
particularly significantly for the T2T2 and T4T4 sequences. This phenomenon, often described
as peak delay (Gussenhoven, 2004), suggests that the pitch trajectory is actively extended
towards the right edge of the phrase to facilitate the realisation of the high boundary tone.
Concurrently, the Minimum FO occurred significantly earlier in questions, indicating that
speakers reached their lowest pitch point significantly earlier than in statements by speeding

up the initial downward pitch movement, essentially compressing it, so that speakers arrive at
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the low pitch target more quickly. By doing this, they create more time for the upward pitch

movement that follows, which is crucial for signalling that the utterance is a question.

The TIT1 sequence, however, presents an exception to this pattern of temporal reorganisation.
While the first syllable of TIT1 exhibited the expected peak delay, the second syllable did not
show a significant shift in peak alignment, which likely results from the specific interactional
outcome between the falling lexical tone and the rising intonation. Since the falling movement
is counteracted by the question’s rising intonation pressure, the need for temporal adjustments
is reduced. Instead, the interaction manifests as a phonological compromise: the second
syllable retains its essential falling characteristic (preserving lexical identity), but the falling
trajectory is less steep than in statements. Consequently, the final portion ends relatively high,
contributing to the overall heightened register of questions. The levelling-out effect produced
by the final rise means that pitch range compression serves to accommodate the intonational

target while maintaining the tonal contour, rendering substantial temporal shifts unnecessary.

3.5.6 Boundary Tone

Given the preceding discussion regarding the mechanism of the final rise, this study proposes
that syntactically unmarked yes-no questions in GuanM are phonologically marked by a High
Boundary Tone (H%), which functions as a categorical tone associated with the right edge of
the intonational phrase (IP), but its phonetic realisation is gradient and determined by its
superimposition onto the final lexical tone. Consequently, the H% is an inherently rising tone,
but its surface form is constrained by the lexical environment: it may surface as an enhanced
rising contour, a rising contour, or a mitigated fall. Specifically, the H% exerts a consistent
upward pull that modifies the slope and trajectory of the lexical tone relative to the statement

baseline: rising tones are realised with a significantly greater rise than the inherent lexical
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contour, while falling tones exhibit a mitigated fall that descends less steeply than the lexical
falling tone, but the H% does not change the lexical tone identity, and level tones show the

rising contour.

To contextualise this proposal, it is necessary to revisit the definition and function of boundary
tones within the AM framework. The key concepts in the AM framework are the pitch accents
that are related to prominence, and the boundary tones that mark the edges of phrases or
domains (Ladd, 2008). Originally, Pierrehumbert (1980) distinguished between phrase accents
(H-, L-) and boundary tones (H%, L%), defining the latter as single targets associated with the
very edge of an IP. In Pierrehumbert’s analysis of English, the H% boundary tone indicates a
final rise, which is straightforward after a Low phrase accent, but requires an upstep rule after
a high phrase accent to ensure the boundary tone is realised higher than the preceding high
target, preventing a sustained level pitch. Conversely, the L% boundary tone indicates the
absence of a final rise. After a Low phrase accent, it signals a gradual fall to the bottom of the
speaking range; after a high phrase accent, it results in a sustained level pitch. Arvaniti and
Baltazani (2005) employed three boundary tones: H%, L%, and 'H% in Greek, where 'H%
represents a mid-pitch level, effectively resolving the ambiguity of the “sustained level pitch”

by providing a specific target that does not require phrase accent triggers.

However, cross-linguistic evidence suggests that boundary specifications can be more complex
than a single binary choice. Hayes and Lahiri (1991) demonstrated that boundary tones can
consist of tonal sequences. They also claimed that the boundaries assumed with the intonational
phonology literature are not different from the phrasal phonology assumptions. Thus, the %
intonational boundary tone matches to the edge of an intonational phrase while the T- phrasal

tone aligns to a phonological phrase. In Bengali, yes-no questions are marked by a HL
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boundary tone, meaning that interrogativity does not necessarily require a final rise; instead,
the pitch rises smoothly to the final syllable before falling rapidly at the boundary. This is
exemplified in (12), with the corresponding pitch trajectory shown in Figure 3.8.
(12) tumi-ki kagojola-ke dek"e?
you Q-part. newspaperman-obj. saw

“Did you see the newspaperman?” (yes/no question nucleus)

300 b \

200 — umi k

200ms | ;

Figure 3.8 The pitch trajectory of yes-no question in Bengali (cited from Hayes & Labhiri,

1991)

In this contour (L* Hi L), the pitch does not simply rise; instead, it rises smoothly from the
low nucleus to the final syllable, whereupon it falls rapidly at the boundary. Such HL contours,
aligned to the edge of an intonational phrase, are also the strategy of marking questions in

African languages, as discussed in Section 3.1.

To further explain the mechanism of boundary tones in tonal contexts, it is necessary to look
beyond Sinitic languages to African Bantu languages. Although these languages differ
typologically, typically featuring register (level) tones rather than the contour tones

characteristic of Chinese languages, they face an identical phonological challenge: how to
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integrate intonational targets with lexical tonal contrasts. Hyman and Monaka (2011) propose
a three-way typology for tone-intonation interaction: accommodation (co-existence, often via
register change), submission (intonation overrides tone), and avoidance (intonation is
minimised). Here we particularly examine the superimposition, exemplified in Embosi and

Shingazidja.

In Embosi, a two-tone language (H and L) without downdrift, boundary tones are not simply
inserted linearly into the tonal string but are superimposed upon it. Rialland and Aborobongui
(2016) propose a Dual Register Model, where intonation functions by expanding the register
above or below the lexical tone norms. This model involves a basic register for lexical tone
realisations and enlargements above and below this basic register, triggered by extra-high or
extra-low boundary tones. The H% in Embosi functions similarly to a continuation rise in
languages such as English and appears in comparable contexts, particularly in juxtaposed
assertive sentences. Importantly, the H% is not fixed rigidly to the final syllable; rather, it is
attracted to the last H lexical tone of the phrase. When the final tone of the phrase is a lexical
H, the H% superimposes onto it, creating an extra-high realisation with a rising contour. When
the final tone is L, the H% seeks the preceding H tone to realise this register expansion,

resulting in a falling final contour despite the extra-high peak occurring earlier in the phrase.

Such tone-intonation interaction becomes even more complicated in Embosi yes-no questions,
which employ a HL% boundary contour (a combination of H% and L%) that creates a
significant expansion of the pitch range compared to declarative utterances. The H%
component targets the last lexical high tone, raising it to an extra-high realisation, while the L%
associates with the final boundary and produces a strong lowering effect, particularly on final

H tones. When the sentence ends with a L tone, the H% appears on the last H tone, making it
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extra-high, as shown on the right side of Figure 3.9. However, if there is an H tone at the end

of the utterance, this final H is lowered by the L% boundary tone, and the H% is pushed forward

to a preceding H tone, extending the contour over a larger domain, as shown in Figure 3.10.
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Figure 3.9 FO contour of [banabdadzaal.

Left panel: “The children eat.” Right panel: “Do the children eat?” (Adapted from Rialland &
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Figure 3.10  FO contours of [0Bémboddzoobve].

2.716
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Similarly, in Shingazidja (Bantu G44a), lexical tones can determine the physical placement of
intonational targets. Patin (2016) observes that in polar questions, a super-high intonational
tone (analysed as a LH* accent) typically targets the penultimate syllable. However, if the final
syllable already carries a lexical high tone, the intonational target is blocked from its canonical

position and is displaced (retracted) to the antepenult.

While African languages have shown examples of superimposition in level-tone systems,
Sinitic languages offer the most relevant comparison for GuanM due to the shared presence of
contour tones. Within the Sinitic family, there are two distinct strategies for marking
interrogativity: the dominance model and the superimposition model. Cantonese provides a
clear example of the former, where intonation overrides the lexical tone. J. K.-Y. Ma et al.
(2006a) found that the H% in Cantonese yes-no questions replaces or dominates the underlying
tonal contour. Specifically, regardless of whether the canonical tone is falling, level, or rising,
all six tones exhibit a rising FO trajectory at the sentence-final position in questions'?, as shown

in Figure 3.11.

0B, R. Xu and Mok (2011) show that the rising is superimposed onto the latter half of the final syllable, while
the first half of the tonal contour remains relatively intact. As a result, lower tones (T4, T5, T6) risk being
misidentified as the high-rising tone (T2) during perception of questions since T2 shares the low start with those
tones at question-final position (J. K.-Y. Ma et al., 2006a). Overall, lexical tones undergo significant convergence
rather than complete neutralisation.
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Figure 3.11  Yes-no questions pitch contours from six tones at the sentence-final

positions in Cantonese (adapted from J. K.-Y. Ma et al., 2006a)

SC instead illustrates the superimposition relation, in which the shape of the lexical tone is
largely preserved, meaning that the H% is not necessarily forced to be a final rise; rather, it
modifies the pitch range and register of the existing lexical contour. The existence of the
boundary tone concept in SC, distinct from global register, is well-established in the literature
and formally codified in transcription systems. M. Lin (2004) argues that the primary marker
of interrogativity in SC is a boundary tone located strictly at the phrase edge. His acoustic

analysis revealed that the register of the endpoint (or the final FO slope) was more significant
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than the starting point in differentiating questions from statements. Specifically, for tones T1,
T2, and T4, the FO curve ended higher in questions, whereas for T3, it exhibited a rising pattern
compared to the falling shape in statements. Lin concluded that intonation modifies tone in a
hierarchical manner: tones define the FO contour, while the boundary tone modifies the pitch
register and range of that contour without erasing its shape. The Mandarin ToBI (M_ToBI)
system, documented by Peng et al. (2005), explicitly separates the local edge effects from the
global range effects. It assigns the tag H% to mark the final rising pitch at the right edge of yes-
no questions (the local target), while simultaneously using a separate tag, %q-raise, to capture
the overall pitch range expansion (the global macro cue). The system contains three tiers: the
romanisation tier for underlying lexical tones, the sandhi tier for rhythm-related effects, and a
third tier dedicated to boundary tones and pitch range variations. Unlike the Cantonese ToBI
(C_ToBI) system where lexical tones and boundary tones are transcribed together on the same
tier, the separation between lexical tone and boundary tone in the M_ToBI system is necessary
because the lexical tone is not overridden; thus, the boundary tone must be modelled as an
independent entity interacting with, rather than replacing, the lexical tone. Furthermore, Jiang
and Chen’s (2011) proposal of dual-edge marking (“H% ... H%”) in SC questions, also
fundamentally relies on the existence of the H% boundary tone to explain higher pitch targets
in the question intonation, differing only in its placement at both left and right edge of the IP.

The phonological framework of GuanM mirrors this structure of the question intonation,
employing both a high boundary tone and a raised global register. Here, the high boundary tone
serves the dual purpose of signalling sentence mood (interrogativity) and marking structural
boundaries, consistent with Pierrehumbert’s (1980) theory of boundary marking and discourse
interpretation. Acoustically, the high boundary tone manifests in GuanM as pitch compression
for falling tones and a steeper trajectory for rising tones. This pattern is not unique to GuanM;

C. Zhang (2018) observed a similar phenomenon in Tianjin Mandarin where the lexical tones
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of the final syllable were not overridden and falling tones were deterred from falling fully while

rising tones were facilitated higher, which led to the proposal of a floating boundary tone (H%).

In her doctoral research, C. Zhang (2018) conducted two production studies investigating the
intonational yes-no question tune in Tianjin Mandarin. The first study examined monosyllabic
words in isolation (Mono(ISO)), and the second investigated longer sentences where these
same monosyllabic words served as sentence prominence (Mono(SEN)). She recorded six
native Tianjin Mandarin speakers (three male, three female) aged 22-50, all of whom were born
and raised in urban Tianjin. The materials consisted of 12 monosyllabic words using three
syllables ([ma], [mi], [mav]) with four different lexical tones (L, H, LH, HL), recorded in both

statements and questions.

Her research found that interrogative tunes in Tianjin Mandarin are characterised by three main
features. First, yes-no questions had a consistent register lift, where both FO maxima and
minima were raised in questions compared to statements. Second, the lexical tone contours
appeared to be preserved. In longer sentences, an H* pitch accent was associated with
prominence in both tune types, followed by post-focus compression. Third, falling and low
tones (L and HL) had narrower FO ranges, while rising tones (H and LH) had wider FO ranges
in questions. Furthermore, questions were generally longer in duration at phrase-final positions.
Based on these observations, C. Zhang proposed a global register lift combined with a H% for
the question tune in Tianjin Mandarin. C. Zhang explicitly distinguished between “real” and
“floating” boundary tones based on their phonetic realisation. She claimed that “a floating
boundary tone should be different from a real boundary tone - a real boundary tone is an
interpolation of an extra tone, while a floating boundary tone does not realise as an extra tone”

(p. 129). Based on this definition, she argued that because the Tianjin interrogative tune did
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not add a new tonal segment to the end of the phrase, but rather modified the range of the
existing lexical tone, it could not be classified as a “real” boundary tone. Instead, she defined
the floating boundary tone by its interaction with the neighbouring tone, suggesting that “a
floating boundary tone should modify the neighbouring tone(s) without having its own
phonetic realisation as a lexical floating tone does” (p. 129). Specifically, she proposed that
“the ‘benefit’ of the floating boundary tone is that it both alters the post-lexical intonation and
also keeps the lexical tone contour unchanged” (p. 191), acting to deter falling tones from
falling and facilitate rising tones to rise higher. She further compared the interrogative tune
with the Chanted Call (CC) tune, finding that the CC tune had “the L% boundary tone (which)
is an interpolation of an extra L tone at the IP boundary and does not modify the neighbouring
tones” (p. 191). Consequently, she concluded that “the L tone thus is not a ‘floating’ boundary

tone but a real boundary tone” (p. 192).

In sum, C. Zhang’s “floating” analysis rests on the premise that a “real” boundary tone must
be an interpolated extra segment. However, this study adopts a different phonological
interpretation, following the analysis established by Rialland and Aborobongui (2016) in their
study of Embosi, which demonstrates that a boundary tone can be “real” and fixed even when
it manifests through superimposition rather than interpolation. For instance, as shown in Figure
3.10, an L% boundary tone may be presented as a phonetically rising contour even when
interacting with a high lexical tone, yet it remains a specific, local target. Crucially, the
“floating” designation implies that the tone’s position is not strictly measured or fixed at the
edge. In contrast, the boundary tone in GuanM is fixed and aligned strictly to the edge of the
IP, suggesting that the H% in GuanM is not a floating entity exerting general upward pressure,
but a superimposed boundary tone, a local tone that is fully docked at the phrase edge and

achieves its phonetic presence by modifying the trajectory of the final lexical tone.
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If the boundary tone were a floating influence exerting a general upward pressure, the high-
level tone T4 in this study should simply shift vertically upwards while maintaining its parallel,
level trajectory. However, the GuanM data reveal a distinct positive reorientation of the second
syllable of T4 trajectory: the contour shifts from slightly negative slope in statements to a
positive inclination in questions, as shown in Table 3.5, and as shown in Figure 3.12, in which
T4T4 with the question intonation has a significantly rising tendency. This demonstrates that
the boundary tone does not merely lift the pitch; it actively changes the vector of the contour.
The fact that the pitch bends upwards specifically at the phrase edge proves that the target is
docked at the final coordinate of the intonational phrase. The trajectory is steering toward a

specific high target, which necessitates a fixed association.

Following the superimposition relation between tone and intonation (Rialland & Aborobongui,
2016), we can explain the variation across the tone system without the need for additional
categories or paralinguistic “strength” labels. In T4 (high-level), the last syllable lacks strong
downward momentum, allowing the H% target to be fully realised. This creates a categorical
slope reorientation from flat to rising. Meanwhile, in T1 (Falling), the lexical downward
trajectory is robust, meaning the H% rise is physically constrained. The result is a mitigated
fall, where the tone is prevented from falling fully, reaching a higher FO ending point but still

maintaining its falling shape.

Consequently, this study proposes that the high boundary tone (H%) in GuanM is an inherently
rising phonological target aligned at the right edge of the IP. While its phonetic realisation may

3

appear gradient, this is not due to a “weak” or “floating” status, but because the H% is

physically constrained by the final lexical tone.
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By adopting this model, we do not need to define extra entities or “floating” categories to
account for phonetic variation. The apparent preservation of the falling tone is simply the
phonetic byproduct of a fixed H% target interacting with a strong lexical filter. Unlike
Cantonese, where boundary tones may appear as independent additive segments, the GuanM
system is better understood as a categorical phonological target whose phonetic output is
shaped by the lexical environment, allowing for a theoretically efficient model that accounts

for both the fixed alignment and the gradient acoustic results.

3.5.7 Modelling Syntactically Unmarked Yes-No Questions

From the previous discussion, it is apparent that syntactically unmarked yes-no questions in
GuanM are characterised by a global pitch raising and a phonologically High Boundary Tone
(H%). Essentially, this H% influences the lexical tone contour not by altering its fundamental
shape (i.e., by overriding it), but by being superimposed onto it. Consequently, the underlying
tonal contours and tone dissimilation rules remain intact, even as the intonational contour

modifies the overall pitch trajectory.

We then attempt to model yes-no questions by analysing the FO difference, calculated by
subtracting the statement FO means from the question FO means. Returning to the GAMM-
fitted FO contours (Figure 3.12), we observe that the FO difference between questions and
statements follows a nearly linear upward trend across all tones, which is substantial, ranging
from a minimum of approximately 2 semitones to over 6 semitones at its peak. Furthermore,
all three tones have an increasing difference over time, indicating that the distinction between

questions and statements becomes more significant towards the end of utterances. Among them,
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TIT1 shows the most dramatic difference, followed by T2T2, with T4T4 having the least

difference.
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Figure 3.12 GAMM-fitted FO contours for questions and statements (top panel) and

the FO differences between questions and statements (bottom panel)

The almost linear nature of the FO difference between questions and statements provides strong
empirical support for our proposed model of interrogative prosody. In subsequent sections, we

will formalise the FO patterns for syntactically unmarked yes-no questions in Mandarin

languages as follows:
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A consistent finding across all tones is the global register raising, which elevates the entire
pitch contour of the intonational phrases:

Ry = 6(where § > 0)

in which register raising R, affects all aspects of pitch, increasing FO mean, maximum, and

minimum by §.

In addition to the global raising, a high boundary tone is associated specifically with the final

syllable of yes-no questions:

Hy() = ¢ (6> 0)
where ¢ is the scaling factor that determines the boundary tone strength, representing the total
pitch increase contributed; t is the time within the final syllable (starting at 0 and ending at d);
and d is the total duration of the final syllable. The ratio 2 is the time-normalised progression
within the final syllable, ranging from 0 to 1 across the final syllable, regardless of actual

duration, meaning that at the syllable’s start, 2 = 0 (no boundary tone effect) and at the end,

2 = 1 (maximum boundary tone effect).

This formulation captures the H% as a target attraction. It creates a gradient effect that increases
towards the phrasal boundary, adding a constant positive slope component to the second
syllable. Phonologically, this is critical: it accounts for how the H% preserves the identity of

lexical tones while adjusting their phonetic realisation.
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The formulation of the high boundary tone represents a rising contour rather than a high target
because it fundamentally modifies the FO change rate by adding a constant positive slope
component to the second syllable. The phonetic effect manifests differently across tones, in
which for level tones, it changes from zero slope to positive slope; for rising tones, it increases
the existing positive slope; and for falling tones, it decreases the negative slope. This
characterisation positions the boundary tone as a contour tone (defined by its movement pattern)
rather than a register tone (defined by its relative height). Phonologically, this is important,
since it better accounts for its interaction with different lexical tones, particularly how it
preserves the identity of lexical tones while adjusting the phonetic realisation of the lexical
tones on the surface form, so that the boundary tone creates a gradient effect that increases
towards the phrasal boundary, and acts as an additive component to the pitch slope rather than

just raising the register.

The FO contour of an unmarked yes-no question is then represented as follows:

where R, represents the global register raising. ¢ % is the high boundary tone function. T(t) is

the lexical tone function.

Expanding on this, we get:

t

We assume only six basic lexical tone forms based on the register to simplify the analysis of
the lexical tone function: High (Hr) or Low (Lr), and the contour shape: Rising (R), Falling (F),

or Level (L). The contour shapes can be represented as linear functions as follows:
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Level tone:  Ty_, (t) = a (constant)
Rising tone: Ty_g (t) =a+b-t(b>0)
Falling tone: Ty_p(t)=a—b-t(b>0)

where a represents the starting pitch. b represents the slope (the rate of pitch change over time).

The table below illustrates the interaction between the high boundary tone and different final
lexical tones in a syntactically unmarked yes-no question after applying the formula of I,

above.

Table 3.17 Influence of the high boundary tone on final-syllable lexical tones in syntactically

unmarked yes-no questions in GuanM

Final syllable tone Phonetic surface Description

Tyr—yp (1) Rising from high The level tone shifts to a rising
(High register, contour, beginning at a high pitch and
level contour) rising further.

Tyr_g (t) Steep rising from high Rise is exaggerated with a steeper
(High register, slope (b + %), reaching an even higher
rising contour)

peak

Tur-p () Reduced falling from very sijj falls but less steeply (-b +2);
(ngh register, high very high starting point
falling contour)

T (D) Rising from mid Level tone develops a rising contour,
(Low register, starting at a raised low position
level contour)

Ti—gr (1) Steep rising from mid Enhanced rising with steeper slope
(Low register, (b +§ ); dramatic rise from the

rising contour) moderate start

Tpr—r (t) Minimal falling or near-level ~ Significantly reduced falling; may

(Low register, appear almost level if b = %
falling contour)
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Of particular note is the finding that high register tones with level or rising contours may show
a more moderate boundary tone effect in terms of rising, which could be attributed to
physiological constraints of the vocal tract, limiting the maximum pitch that can be produced.
Such a constraint likely explains why T4 (high-level tone) in GuanM shows a relatively gradual
rise in the differences of FO between questions and statements, in comparison to T1T1 and

T2T2.

3.6 Conclusion

This study employed a production experiment to investigate syntactically unmarked yes-no
questions in disyllabic words as intonational phrases in GuanM. The findings suggest that in
yes-no questions, lexical tone patterns (including rules for the lexical tone dissimilation) are
applied within a local lexical domain, while intonation functions independently rather than
overriding these tonal contours. More specifically, yes-no questions have an overall elevation
in register compared to statements, featuring a phonological high boundary tone whose
phonetic realisation varies depending on the lexical tone of the syllable it docks onto.
Additionally, questions are produced with longer duration and higher intensity compared to

statements.

The high boundary tone, located at the edge of the intonational phrase, is realised as a
phonological rising contour from intonation. It interacts with the underlying lexical tones and
modifies them in several ways. It enhances rising tones, reduces the steepness of falling tones,
and converts level tones into rising tones. It maintains essential phonetic features of lexical
tones, which secures their categorical identity, while it indicates interrogative mood in GuanM.
Statements maintain a consistently lower register. The next step is to examine intonational

patterns in longer utterances to test whether the patterns identified in this chapter are maintained.
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Chapter 4 Production Study 2: Intonational Yes-No Questions in Guanzhong Mandarin

in Focus

The previous chapter reported Production Study 1 on isolated productions. This chapter
examines the production of longer utterances with focus in sentence-medial position, in both
statement and question intonations. This chapter follows the structure of Chapter 3: it first
reviews prosodic focus marking cross-linguistically, including Chinese languages, then
addresses the research questions, and finally details the methodology used in this production
study. The methods include stimuli preparation, the experimental procedure, and the statistical
analysis of the acoustic features. It then discusses intonation in longer utterances in GuanM

and the parallel encoding of focus and interrogative meanings before a concluding summary.

4.1 Prosodic Focus Cross-linguistically

Prosodically focused components are generally realised through pitch range expansion,
prolongation, and increased intensity (e.g., Cooper et al., 1985; Heldner, 2003). For example,
Féry and Kiigler’s (2008) study of German found that narrow focus raised pitch accents,
making them more prominent. All-new sentences without explicit focus showed a
downstepping pattern, where each subsequent high tone was progressively lower. In addition,
narrowly focused constituents were significantly longer than their non-focused counterparts in
all-new sentences. The focus-related lengthening was also found in English (Eady & Cooper,
1986). When a word was narrowly focused (e.g., due to a specific question prompting emphasis
on that word), it exhibited higher FO peaks and longer duration compared to neutral-focus
sentences. In contrast, sentences with broad focus (e.g., focus on the entire verb phrase) showed
an overall increase in duration, but unlike narrow focus, they did not exhibit a significant

increase in FO peaks.
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The study of Chinese tones, tune and focus is complicated, as focus marking can be tone-
dependent. By examining how different lexical tones were marked for focus, T. Wang et al.
(2020) showed that in Mandarin Chinese, focus was primarily marked through pitch
modifications, though the exact pattern depended on tone. For instance, focus raised the pitch
register for T1, while T2 and T4 displayed prominent variations in pitch range and slope under
focus. T3 distinctively lowered its pitch target when in focus, unlike the upward pitch trend
observed in the other tones. Duration consistently increased for all focused tones, making it a

strong cue for focus marking, while intensity played a minimal role.

Post-focus compression (PFC) refers to the reduction of pitch range and amplitude following a
focused element. PFC has been reported in Indo-European, Altaic, and other languages,
including Mandarin Chinese, but not in closely related Chinese languages, such as Cantonese
and Taiwanese Hokkien (Y. Xu, 2011). Duan and Jia (2014) investigated PFC for focus
realisation in declarative sentences across five Northern Mandarin dialects (Dalian, Harbin,
Jinan, Tianjin, and Xi’an (GuanM)). Their results showed that FO was the primary acoustic
marker of focus, with all dialects exhibiting compressed pitch range in post-focus regions (i.e.,
PFC) while the pitch range remained unchanged in pre-focus areas. However, duration and
intensity were not as significant as F0O. Dialectal variations were observed in the realisation of
on-focus FO: in Dalian, Jinan, and Tianjin, focus was marked by pitch range expansion across
all on-focus syllables, whereas in Harbin and Xi’an, the second syllable of the focused word

exhibited greater pitch expansion.

Chen (2010) questioned the assumption that PFC was a universal or primary characteristic of
focus realisation in Mandarin Chinese. Instead, she observed that post-focus tones sometimes

exhibited expanded rather than compressed FO ranges and often displayed prolonged influence
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from preceding tones, differing from typical coarticulation patterns. What consistently
distinguished post-focus from on-focus tones was not pitch range but rather the reduced
distinctiveness of tonal contours, especially following high tones. She proposed that post-focus
effects should be understood as manifestations of weak tonal target implementation in

prosodically non-prominent positions rather than as simple compression.

F. Liu and Xu (2005) examined the interaction of focus and interrogative meaning in Mandarin
intonation. They found that both functions were encoded in parallel, allowing speakers to
simultaneously express emphasis and question meaning without one obscuring the other. Focus
was realised through pitch expansion on the focused word, post-focus compression, and
unchanged pre-focus pitch, a pattern consistent across statements and questions. Additionally,
focus interacted with question intonation, as questions containing focused elements exhibited
an exponential rather than a linear pitch increase, with the largest difference occurring at the

end of the sentence.

In Lhasa Tibetan, X. Zhang et al. (2012) found that focus was marked by rising F0, expanded
pitch range, and lengthened duration, with these effects occurring in both statements and yes-
no questions. Furthermore, PFC was observed, as the pitch of post-focus words was lowered
and compressed, while pre-focus words remained largely unaffected. Yes-no questions were
characterised by a higher FO in unfocused words overall, but focused words showed no

significant difference between the two sentence types.

Eady and Cooper (1986) stated that in English, focus had similar duration effects in yes-no
questions and statements, with lengthening strictly applied to the focused word and not

extending to others. They also confirmed the classical pattern of a rising terminal FO contour
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for questions and a falling contour for statements, regardless of the position of the focused
words. The difference between questions and statements lay in post-focus prosody, depending
on the focus position. When focus occurred at the beginning of a sentence, questions and
statements differed dramatically: in statements, there was a sharp FO drop after the focused
word, resulting in a compressed and flattened contour for the rest of the utterance. In contrast,
questions maintained raised FO levels rather than lowering pitch throughout the post-focus

region, although the pitch range remained compressed.

Such interaction between focus and sentence type does not occur in all languages. Z. Liu’s
(2018) study found little interaction between focus and interrogativity in Bai. The study
concluded that focus and question intonation in Bai were independent. While focus was marked
by duration lengthening of the focal element compared to post-focus elements, interrogative
meaning was conveyed through lengthening duration, expanding the pitch span, and raising the
FO maximum and minimum of the sentence-medial constituents to distinguish from

declaratives.

4.2 Research Questions

This study aims to explore the prosodic features associated with focus in GuanM, concentrating
on the relationship between focus and sentence type (syntactically unmarked yes-no questions
and statements). The first research question asks whether the global register and the high
boundary tone are maintained in longer utterances in yes-no questions. The second research
question seeks to determine which prosodic features, such as duration, intensity, or pitch, are
most prominent and consistent in marking focus. Although earlier research has indicated that
languages differ in their use of these acoustic features, it is still uncertain which cue is most

reliable for marking focus in GuanM. A further question is how focus manifests differently in
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questions compared to statements, particularly whether question marking and focus can be

encoded in parallel through acoustic features, alongside tones.

4.3 Methods

4.3.1 Participants

Eleven native speakers of GuanM participated in this study (five females and six males; age
range: 30 to 45 years; mean age: 36.63 years). All participants lived in Xi’an, China, and used
GuanM as their main language in daily life. None of the participants reported any hearing or
speech impairments. Informed written consent was obtained from all participants prior to the

experiment.

4.3.2 Stimuli

The stimuli used in this study were the same as those in Production Study 1 (Table 3.3),
consisting of 15 disyllabic words for each of the three tones: T1T1, T2T2, and T4T4.
Participants were asked to produce these stimuli within longer utterances, with the target words
placed in the focus position within either a question or statement tune. Each tune was embedded
in a carrier sentence composed of six syllables: two for the pre-focus, two for the on-focus, and
two for the post-focus phrases. The effects of preceding tones on the focus were manipulated

using a disyllabic pre-target sequence: T1 (ffi/ih t"a31 ‘he/she’), followed by one of four
monosyllables with different tones - T1 (¥t fuo31 ‘say’), T2 (i tu24 ‘read’), T3 (5 sie52
‘write’), and T4 (& khan55 ‘look at’). The post-focus phrase was the same in all conditions Hf’
1] 1052 tshi24 ‘that word’. Each combination was repeated twice to minimise participant

fatigue. Consequently, each participant recorded a total of 720 sentence configurations (4 pre-

target syllables x 3 tones % 15 disyllabic words % 2 tunes % 2 repetitions).
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4.3.3 Procedure

All audio recordings were made in a quiet room in the local community, using a Samson Meteor
Mic connected to a Lenovo laptop with Audacity software, at a sampling rate of 44.1 kHz. The
stimuli were presented to participants via Microsoft PowerPoint, with sentences centred on the
slide. Participants were instructed to produce sentences according to the prompt type. In
question prompts, participants were required to produce a confirmation-seeking question, while

in statement prompts, they produced an affirmative response to a yes-no question.

For the question scenario, participants saw an affirmative response on the screen, such as X},

i/t 15/ 52/ 5 1 [target word] FR1A]. tueiSs, tha31l fuo31/tu24/sie52/khan55 [target word]
uo52 tshi24 (“Yes, he/she said/read/wrote/looked at [target word] that word’). Based on this
affirmative answer, participants were required to create a corresponding yes-no question by
asking, fih/it it /i52/ 5 /% [target word] HiA]? tha31 fuo31/tu24/sie52/khan55 [target word]
uo52 tshi24 (‘Did he/she say/read/write/look at [target word] that word?”). This setup guided
participants to form the appropriate interrogative question based on the provided affirmative
response, as shown in (13)a. In the statement scenario, participants were presented with a yes-
no question prompt, such as Al /&t i /%2 /5 /& [target word] H 1 ? tha3l
Juo31/tu24/sie52/khan55 [target word] uo52 ts"i24 (‘Did he/she say/read/write/look at [target
word] that word?”). Accompanying this prompt was the word “yes” in the answer, indicating
that participants needed to produce a corresponding statement. Participants responded by
saying, %}, A/ihiii/52/5/E [target word] HiAl. tueiSS, tha3l fuo31/tu24/sie52/khan55
[target word] uo52 tshi24 (“Yes, he/she said/read/wrote/looked at [target word] that word’), as
demonstrated in (13)b. Before the experiment, participants were given time to familiarise
themselves with the stimuli and had 10 practice trials using words that were not included in the
experimental stimuli. The entire session lasted approximately 45 minutes per participant, with

breaks provided as needed.
13)

a. Question scenario

Participant response:
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Prompt on screen:
X, At/ /5 5 7 [target word] FRA] .
tueiss, tha31 fuo31/tu24/sie52/khan55 [target word] uo52 tshi24.

“Yes, he/she said/read/wrote/looked at [target word] that word.’

b. Statement scenario

Prompt on screen:
A/t 358/ 52/ 5 1 [target word] 1A 2
tha31 fuo31/tu24/sie52/khan55 [target word] uoS2 tshi24?

‘Did he/she say/read/write/look at [target word] that word?’

Participant response:

X, e

tueid5, .

‘Yes, .

4.3.4 Annotation and Alignment

Hesitations and misread sentences were excluded from the data analysis, resulting in
approximately 5.27% data loss. In total, 7,503 sentences were used for further analysis, which
included 3,697 statements and 3,806 questions. The alignment criteria were consistent with
those used in Production Study 1, to ensure that both statements and questions had the same
length of six syllables. The prompt X7 [tuei55] ‘yes’ was recorded but excluded in the annotated
files. The audio files were annotated with three tiers: a syllable tier, a phrasal tier (divided into

pre-focus, on-focus, and post-focus phrases), and a sentence-level tier.

4.3.5 Measurement
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Acoustic measurements were taken at two levels (the phrasal tier and the on-focus disyllabic
word) and included duration, mean intensity, mean FO, maximum FO, minimum FO, and FO

range. The timing of the maximum and minimum FO was also measured.

4.3.6 Statistical Analyses

FO was extracted from six-syllable utterances and segmented into 10 equal intervals per syllable,
yielding a total of 60 time points per token. Pitch was converted to semitones relative to each
speaker’s mean FO, using the same normalisation method employed in Production Study 1.
Generalised additive mixed models (GAMMs) were fitted using the mgev R package (Wood,
2011) to model nonlinear pitch contours and account for variability across speakers and items.
Semitone-normalised FO was modelled as smooth functions of normalised time, with an
interaction term between Tone, Tune, and Pre-target. Random smooths were included for

Speaker and Item to accommodate inter-speaker and item-level differences.

For the statistical analysis of acoustic measurements, linear mixed-effects models were fitted
using the ImerTest package (Kuznetsova et al., 2017) in R (R Core Team, 2024) to examine
the interaction between Tune, Tone, Pre-target, and Phrase or Syllable across multiple acoustic
variables, including Duration, Mean Intensity, Mean FO, Maximum F0O, Minimum FO0, and FO
Range. Two separate analyses were conducted: one at the phrasal level (pre-focus, on-focus,
and post-focus phrases) and another focusing specifically on the syllables within the on-focus
position (Syllable 1 and Syllable 2). For each acoustic parameter, the models included a four-
way interaction between Tune, Tone, Pre-target, and either Phrase or Syllable. Random effects
included Speaker, Item, and Repetition. The models are shown in (14):

(14) a. At the phrase-level
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Imer(Acoustic_parameter ~ Tune * Tone * Phrase * Pre-target + (1|Speaker)
+ (1|Repetition) + (1|Item))

b. At the syllable-level of the on-focus phrases
Imer(Acoustic_parameter ~ Tune * Tone * Syllable * Pre-target + (1|Speaker)

+ (1| Repetition) + (1|Item))

Following the main analyses, two types of post-hoc comparisons were conducted using the
emmeans R package (Lenth, 2024) with Tukey’s adjustment for multiple comparisons. The
first set of comparisons examined the effects of Tune (Question vs. Statement) while
accounting for all other factors, including Pre-target. The second set of post-hoc tests averaged
across Pre-target conditions, focusing solely on the interactions between Tune, Tone, and

position factors (either Phrase or Syllable).

4.4 Results

4.4.1 Results of GAMMs

Figure 4.1 to Figure 4.3 provide examples of waveforms and spectrograms for one stimulus
from each of the three tone categories, showing statement productions (left) and question

productions (right) from the same female speaker. In these figures, the pre-targets are all T1

[fuo31].
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Figure 4.3 The statement tune (left panel) and question tune (right panel) of T4T4

The following section presents GAMM-fitted FO contour plots at the sentence level to illustrate
global trends, followed by a more detailed analysis across three prosodic domains: pre-focus,

on-focus, and post-focus. Figure 4.4 displays the time-normalised FO contours of full sentences
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across three tonal combinations (T1T1, T2T2, T4T4), each featuring different pre-target tones.
A clear overall pattern is observed: the FO contours of questions consistently remain above
those of statements throughout the utterance. In other words, question tunes maintain a higher

pitch register than their statement counterparts across all three phrases.
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Figure 4.4 Time-normalised smoothed FO contours of sentences with pre-target tones across

three tones, fitted using GAMMs with 95% confidence intervals

Figure 4.5 below shows the FO differences between question and statement contours with pre-
target tones included. Across all tones and phrases, the FO differences are consistently positive,
implying that question intonation is realised with a higher pitch than statements globally. In
the pre-focus phase, the distinction between the two intonations remains minor and consistent,
generally 2-3 semitones. A slight rise is observed in the on-focus phrase, yet the pitch
difference remains relatively modest, indicating only a subtle uplift of question contours
compared to statements. The most significant distinction arises in the post-focus phrase, where
the FO of the question intonation rises steeply, often reaching its peak towards the end of the
utterance. This rise can reach 8-10 semitones or more, depending on the preceding tones in the

focus phrases.
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Figure 4.5 Time-normalised smoothed FO differences of sentences across three tones with

pre-target tones, fitted using GAMMs with 95% confidence intervals

Figure 4.6 below presents the FO contours of questions and statements (top panel), as well as
their respective FO differences (bottom panel) with four pre-target tones in the pre-focus phrase.

Although the contours for both tunes maintain a largely parallel relationship across all three
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tones with FO contours of questions being posited above the corresponding statement FO
contours, each pre-target tone displays its distinctive pitch shape on the second syllable. T1
and T3 exhibit falling contours but differ in pitch registers (low versus high), T2 demonstrates

a rising pattern, and T4 presents as a high-level tone.

Despite these differences, two consistent patterns are observed. First, questions consistently
maintain a higher register than statements throughout the pre-focus phrase. This raised pitch
begins from the very onset of interrogative utterances, suggesting speakers plan the question
intonation from the start. Second, statements show contours that begin slightly lower, rise to

an early peak, and then gradually descend.

The FO difference between questions and statements (bottom panel) initially shows a slight dip
followed by stabilisation, reflecting a consistent register-level distinction between the two
tunes that is established early and maintained throughout the pre-focus phrase, regardless of

the specific lexical tones involved.
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Figure 4.6 Time-normalised smoothed FO contours (top panel) and FO differences (bottom
panel) of the pre-focus phrase with pre-target tones across three tones, fitted using GAMMs

with 95% confidence intervals

Figure 4.7 displays the GAMM-fitted FO contours for the on-focus phrase. As observed in the
pre-focus phrase, question tunes consistently exhibit higher pitch values than statements across
all tones throughout the entire phrase. In the top panel, the contours for questions are
systematically positioned above those for statements, regardless of tone or pre-target tonal
context. Furthermore, the raised pitch register in questions appears stable and is not
significantly influenced by the lexical tone preceding the focused phrase. Additionally, the
underlying lexical tonal contours remain intact within both sentence types. For instance, T1T1

displays a rising-falling pattern, consistent with the application of tone dissimilation; T2T2
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shows a steady rising shape; and T4T4 maintains a relatively flat, high-level contour. The lower
panel confirms that the FO difference between question and statement tunes remains steady
across time and tones, in contrast to the findings from Production Study 1, where disyllabic
words as whole intonational phrases exhibited increasing FO differences towards the end (as
shown in Figure 3.12). The different FO patterns suggest that pitch differences are largely

attributable to the global register height in the focus phrase.
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Figure 4.7 Time-normalised smoothed FO contours (top panel) and FO differences (bottom
panel) of the on-focus phrase with pre-target tones across three tones, fitted using GAMMs

with 95% confidence intervals

117



Figure 4.8 presents the post-focus phrases, each containing the same disyllabic word bearing
an HL tone followed by an LH tone. Across all tones, the FO of questions remains consistently
higher than statements. In this phrase, question contours show a slightly falling pitch in the first
syllable, followed by a clear rising trend in the second syllable. Thus, the pitch trajectory of
questions across the whole phrase is either slightly falling or even slightly rising, particularly
following T1T1 in the on-focus phrase, which reflects the carryover effect of T1 as a low falling
tone. In contrast, as for the FO contours of statements, while the second syllable may rise
slightly, the overall FO contour shows a steady downward trend, characteristic of declination.
In the lower panel, the FO differences between question and statement tunes are again uniformly
positive. The difference is quite consistent in the first syllable (approximately 5-6 semitones)
but rises significantly as the phrase concludes, which implies that there is a high boundary tone
in questions, resulting in a more prominent pitch increase on the last syllable, with the most

significant pitch difference noted at the end of the sentence, along with a global high register.
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Figure 4.8 Time-normalised smoothed FO contours (top panel) and FO differences (bottom
panel) of the post-focus phrase with pre-target tones across three tones, fitted using GAMM

with 95% confidence intervals

4.4.2 F0 Change Rate

The FO change rate is computed as the first derivative of the GAMM-fitted model’s FO
trajectories, reflecting how rapidly the FO is rising or falling at each point in time and is
expressed in semitones per unit of normalised time. Figure 4.9 shows the FO change rates,
averaged across six syllable positions, in which red cells indicate rising pitch contours (positive
slope), blue cells represent falling contours (negative slope), and white cells correspond to

relatively flat contours.
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In the pre-focus region for questions, the first syllables of the whole utterances frequently have
negatives slopes, showing a downward pitch movement that is indicative of a localised FO dip
early in the utterance. This may reflect anticipatory intonational structuring, where pitch is
lowered in preparation for a subsequent pitch rise associated with the interrogative contour.
Following the initial dip, the pitch movement trajectory varies based on the pre-target tone: T1
and T3 exhibit falling contours, T2 is rising, and T4 is level. In statements, the first syllables
show a mild upward pitch movement, aligning with the early rise often observed at the
beginning of declarative utterances, marking the onset of the intonational phrase. The second

syllables preserve the lexical contour shape of the pre-target tones, as is observed in questions.

In the on-focus region, the FO change rate of both statements and questions strongly reflect the
lexical tone contours, regardless of pre-target tones. For example, T1T1, a rising-falling
contour, shows a positive FO change in the first focused syllable, followed by a negative change
in the second in both tunes. Furthermore, when the pre-target tone is T1, the T1T1 sequence in
the on-focus phrase does not change the contour shape, meaning that the lexical tonal
alternation rule of T1T1 is only applied to the lexical level and does not cross the phrasal

boundary.

The post-focus phrases of T2T2 and T4T4 have a similar pattern in both questions and
statements: the slopes of the first syllables in both tunes are negative, indicating that from the
high tone in the on-focus phrase to the high tone in the post-focus region, there is a falling
tendency. In the second syllable, the slopes of questions are positive, indicating a rising
tendency linked to the high boundary tone, while in statements, the slopes remain negative,
suggesting a continuation of the overall downward trend of the statement tune. This pattern

appears to be reversed in TIT1. In questions, both syllables show positive slopes, suggesting
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that the falling tone (T1) in the on-focus phrase sets a low pitch baseline at the beginning of
the post-focus phrase, after which the pitch rises, likely influenced by the high boundary tone.
In statements, the falling tendency of the preceding T1 tone also sets the pitch low. With the
additional declination brought about by the statement intonation pattern, the pitch continues to
fall. However, since the pitch level is already relatively low, the second syllable shows a
slightly positive slope, indicating a modest rising movement, though considerably weaker than

the question tune.
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Figure 4.9 Average FO change rates (in semitones per normalised time) across phrase

We then move to the FO change rate calculated by entire utterances, separated by tone, tune
and pre-target tone, as shown in Figure 4.10 below. Statements consistently have negative
slopes across all tonal combinations, as evidenced by the uniformly blue-shaded cells in the

lower portion of the figure. These negative values, typically ranging from -0.048 to -0.066
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semitones per normalised time, indicate a decreasing FO pattern that aligns perfectly with the
characteristic pitch decline observed in declarative utterances. Conversely, questions uniformly
exhibit positive average FO slopes, represented by the red-highlighted cells in the upper portion
of the figure. These positive values, varying from approximately 0.006 to 0.021, demonstrate
a clear upward trend in FO during interrogative utterances, which persists regardless of the
lexical tone of the emphasised syllable or the pre-target tone, suggesting that the overall pitch

rise in questions constitutes the intonational feature that transcends local tonal effects.
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Figure 4.10F0O change rates (in semitones per normalised time) at the utterance-level by tone,

tune and pre-target tone

The following sections present the results for duration, mean FO intensity, mean FO, maximum
FO, minimum F0, and FO range at both the phrasal level and the disyllabic level of the on-focus

phrases. Finally, the maximum FO and minimum FO alignment is presented.
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4.4.3 Duration

4.4.3.1 Phrase-Level

Significant main effects were found for Tune (F(1, 21,482.08) = 90.35, p <.001), Tone (F(2,
41.69) =3.41, p = .04), Phrase (F(2,21,471.60) = 6,764.00, p <.001), and Pre-target tone (¥(3,
21,478.87) = 23.52, p < .001). Significant two-way interactions were observed between Tune
and Phrase (F(2, 21,471.60) =268.81, p <.001), Tone and Phrase (F(4, 21,471.60) =19.37, p
< .001), and Phrase and Pre-target tone (F(6, 21,471.60) = 12.80, p < .001). No significant
effects were found for interactions between Tune and Tone, Tune and Pre-target tone, Tone

and Pre-target tone, or for any higher-order interactions (ps > .05) (See Table 4.1).

Table 4.1 Effects of Tune, Tone, Phrase, and Pre-target on Duration'!

Factor SS MS df Num) df (Den) F p

Tune 501,740.40 501,740.40 1 21,482.08 90.35  <.001%***
Tone 37,872.65 18,936.33 2 41.69 3.41 .0425*
Phrase 75,123,221.40 37,561,610.70 2 21,471.60 6,764.00 < .001***
Pre-target 391,863.67 130,621.22 3 21,478.87 23.52  <.001***
Tune:Tone 4,691.49 2,345.74 2 21,481.13 0.42 .6555
Tune:Phrase 2,985,463.07 1,492,731.54 2 21,471.60 268.81 <.001%***
Tone:Phrase 430,361.86 107,590.47 4 21,471.60 19.37  <.001%***
Tune:Pre-target 9,561.25 3,187.08 3 21,480.59 0.57 .6321
Tone:Pre-target 31,379.71 5,229.95 6 21,478.87 0.94 4634
Phrase:Pre-target 426,571.64 71,095.27 6 21,471.60 12.80 < .001***
Tune:Tone:Phrase 21,056.73 5,264.18 4 21,471.60 0.95 4349
Tune:Tone:Pre-target 26,653.06 4,442.18 6 21,480.53 0.80 .5698
Tune:Phrase:Pre-target 66,235.20 11,039.20 6 21,471.60 1.99 .0637
Tone:Phrase:Pre-target 57,567.32 4,797.28 12 21,471.60 0.86 5838
Tune:Tone:Phrase:Pre-target 43,174.26 3,597.86 12 21,471.60 0.65 .8024

Post-hoc comparisons showed that questions consistently had shorter durations in both the pre-

focus and on-focus positions compared to statements, regardless of tone and pre-target tone,

' In the table headings and hereinafter, SS = sum of squares, MS = mean square, df (Num) = numerator degrees
of freedom, df (Den) = denominator degrees of freedom, F' = F-statistic, p = p-value.
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with all differences statistically significant (ps < .05). Questions consistently showed longer
durations in the post-focus position than statements (ps <.001). Figure 4.11 presents the effect
of tunes on duration with longer duration in questions by the estimated marginal means of
duration across different phrases (pre-focus, on-focus, post-focus) for each tone, separated by

pre-target tones.

Effect of Tune
Pre-focus On-focus Post-focus
T1 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4
600 4
500 j
=
400 4
'g 6004
£
E 500 4 3
8 =
E N
=
E 4004
i
600 4
500 4 :
-
-
400 4

Figure 4.11 Effect of Tune on Duration across pre-target tones: Estimated marginal means

with 95% confidence intervals

Figure 4.12 shows the effect of phrases on duration by the estimated marginal means of
duration across different tunes for each tone, separated by pre-target tones, with error bars

representing 95% confidence intervals. Irrespective of tones and pre-target tones, duration was
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consistently observed across both sentence types for most tonal and pre-target tone
combinations in the following order: post-focus > pre-focus > on-focus, with the on-focus
phrase typically being the shortest. Duration in the post-focus position was significantly longer
than in both the pre-focus and on-focus positions (all ps < .001), regardless of tone, tune, or

pre-target tone.

Effect of Phrase

Question Statement
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Figure 4.12 Effect of Phrase on Duration across pre-target tones: Estimated marginal means

with 95% confidence intervals

The influence of pre-target tone was primarily found in both pre-focus and on-focus positions,
suggesting both anticipatory and carryover effects. To be specific, in the pre-focus position,

the most considerable durational contrasts between questions and statements occurred when
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the upcoming tone was T2T2 in the on-focus position, particularly when preceded by T1 pre-
target tone (a low falling tone; f =-46.10, #(21475) =-7.63, p <.0001). Substantial effects were
also observed in conditions involving T4 pre-target tone (a high-level tone), such as followed
by TITI (f =-36.30, #21475) = -5.92, p <.0001) and T2T2 (B = -36.10, #(21478) = -5.92, p
<.0001). Pre-target tone has a possible anticipatory effect on duration, where upcoming tones

influence the duration of preceding phrases.

Pre-target tone also influences the duration of the on-focus position, demonstrating carryover
effects from preceding tones. Although on-focus durations were consistently shorter than
adjacent regions across different tones and tunes, the extent of the duration compression varied
depending on pre-target tone. For example, when the pre-target tone was T1, on-focus
question-statement differences ranged from £ =-21.20 to -26.10 across tones. The T3 pre-target
tone (a high falling tone) led to powerful effects in the on-focus region, especially when
followed by T4T4 (f = -28.00, #21474) = -4.59, p <.0001) and T1T1 (B =-25.60, 1(21475) =

-4.18, p <.0001). See Table A.1 in Appendix A for the mean duration.

4.4.3.2 Syllable-Level (On-Focus)

The table below (Table 4.2) presents the results of the main effects at the syllable level in the
on-focus phrases. Tune exhibited a highly significant main effect on duration (F(1, 14,343.08)
=375.56, p <.001), as well as Syllable (F(1, 14,341.95) =2,128.49, p <.001), and Pre-target
tone (F(3, 14,342.65) = 15.03, p <.001). No significant main effect was found for Tone (¥(2,
43.98) = 2.36, p = .1065). Among the interaction terms, significant effects were observed
among the interaction terms: Tune % Syllable (F(1, 14,341.95) = 32.48, p < .001), Tone x
Syllable (F(2, 14,341.95) = 168.28, p < .001), Tone x Pre-target (F(6, 14,342.65) = 2.35, p

=.0286), Syllable x Pre-target (F(3, 14,341.95) = 7.50, p <.001), and Tone X Syllable x Pre-
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target (£(6, 14,341.95) = 2.11, p =.0490). No other interactions reached statistical significance

(all ps > .05).

Table 4.2  Effects of Tune, Tone, Syllable, and Pre-target on Duration

Factor SS MS df (Num) df (Den) F p

Tune 477,136.79 477,136.79 1 14,343.08 375.56 < .001***
Tone 5,990.46 2,995.23 2 43.98 2.36 .1065
Syllable 2,704,175.27 2,704,175.27 1 14,341.95 2,128.49 < .001***
Pre-target 57,298.89  19,099.63 3 14,342.65 15.03  <.001***
Tune:Tone 821.24 410.62 2 14,342.89 0.32 7238
Tune:Syllable 41,268.02  41,268.02 1 14,341.95 3248  <.001***
Tone:Syllable 427,587.87 213,793.93 2 14,341.95 168.28 < .001***
Tune:Pre-target 3,831.01 1,277.00 3 14,342.82 1.01 .3893
Tone:Pre-target 17,911.95  2,985.32 6 14,342.65 2.35 .0286*
Syllable:Pre-target 28,600.70  9,533.57 3 14,341.95 7.50 <.001%**
Tune:Tone:Syllable 6,208.25 3,104.12 2 14,341.95 2.44 .0869
Tune:Tone:Pre-target 3,762.25 627.04 6 14,342.82 0.49 8137
Tune:Syllable:Pre-target 3,023.29 1,007.76 3 14,341.95 0.79 4975
Tone:Syllable:Pre-target 16,068.65  2,678.11 6 14,341.95 2.11 .0490*
Tune:Tone:Syllable:Pre-target 7,451.20 1,241.87 6 14,341.95 0.98 4385

The effect of Tune was consistent across three tones, with questions yielding significantly
shorter syllable durations than statements, with the difference of duration between questions
and statements being particularly larger for Syllable 1. For instance, when Tone = T1T1 and
pre-target tone = T2, the difference in duration between question and statement was -20.85 ms
for Syllable 1 (#14,343) = -7.05, p < .0001), compared to a non-significant -3.85 ms for
Syllable 2 (#(14,343) = -1.30, p = .19). A similar pattern was observed for Tone = T2T2, pre-
target tone = T3, where Syllable 1 showed a significant difference of -17.94 ms (#(14,342) = -
6.21, p <.0001), while Syllable 2 exhibited a marginal effect of -5.30 ms (#(14,342) =-1.84, p

= .07).
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Syllable 1 was consistently and significantly longer than Syllable 2 across all tone and pre-
target tone combinations. The extent of this difference was modulated by both tone identity
and tune type. For example, under Tone = T1T1, pre-target tone = T3, and Tune = Statement,
the contrast reached 41.50 ms (#(14,342) = 13.85, p < .0001), whereas under T4T4 with the
same pre-target tone and Tune, the difference was markedly smaller at 13.80 ms (#(14,342) =
4.64, p <.0001). The detailed mean duration across tone, syllable and pre-target tone is listed

in Table A.2 in Appendix A.

4.4.4 Mean Intensity
4.4.4.1 Phrase-Level
A strong main effect of Tune (F(1, 21,474.24) = 9,910.26, p <.001) was found that questions
were produced with significantly higher intensity than statements in each phrase position across
all tones and pre-target tones (all ps < .0001). See Table 4.3 below, and Figure 4.13 which
shows the effect of Tune on mean intensity, with such observations as the estimated marginal

means across different phrases for each tone, separated by pre-target tones.

Table 4.3 Effects of Tune, Tone, Phrase, and Pre-target on Mean Intensity

Factor SS MS df (Num) df (Den) F p

Tune 21,490.88 21,490.88 1 21,474.24 9,910.26 < .001***
Tone 111.82 55.91 2 42.00 25.78 <.001%**
Phrase 73,266.14 36,633.07 2 21,471.98 16,892.90 <.001***
Pre-target 248.22 82.74 3 21,473.30 38.15 <.0071%***
Tune:Tone 1,233.41 616.71 2 21,473.75 284.39 <.001%**
Tune:Phrase 13,900.26 6,950.13 2 21,471.98 3,204.97 <.001***
Tone:Phrase 2,269.77 567.44 4 21,471.98 261.67 <.001%**
Tune:Pre-target 85.75 28.58 3 21,473.63 13.18 <.001%**
Tone:Pre-target 18.19 3.03 6 21,473.30 1.40 2111
Phrase:Pre-target 846.25 141.04 6 21,471.98 65.04 <.001%**
Tune:Tone:Phrase 1,283.12  320.78 4 21,471.98 147.92 <.001%**
Tune:Tone:Pre-target 23.03 3.84 6 21,473.63 1.77 .1009
Tune:Phrase:Pre-target 122.67 20.44 6 21,471.98 9.43 <.001%**
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Factor SS MS df (Num) df (Den) F p

Tone:Phrase:Pre-target 21.35 1.78 12 21,471.98 0.82 .6296
Tune:Tone:Phrase:Pre-target  14.66 1.22 12 21,471.98 0.56 .8730
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Figure 4.13 Effect of Tune on Mean Intensity across pre-target tones: Estimated marginal

means with 95% confidence intervals

The Phrase also had a strong influence on intensity, as indicated by the significant main effect
of Phrase (F(2, 21,471.98) = 16,892.90, p < .001). Intensity across phrase positions followed a
pattern in which on-focus > pre-focus > post-focus. The on-focus phrases were realised with
the highest intensity, consistent with canonical prosodic focus marking. Pre-focus intensity was
intermediate, and post-focus phrases showed the lowest intensity overall. For example, when

the focus was the T4T4 with T4 preceded, for the questions, the on-focus region was
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significantly more intense than the pre-focus region, f = -2.66, #(21472) = -22.80, p < .0001.
The difference between the on-focus and post-focus regions was also highly significant, with
on-focus exceeding post-focus intensity by = 3.14, #(21472) =26.94, p < .0001, suggesting a
gradual decline in intensity towards the end of the utterance. The pre-focus region was more
intense than the post-focus region, f=0.48, (21472) =4.14, p=.0001. In the case of statements,
on-focus intensity was significantly greater than pre-focus, f = -3.04, #(21472) = -24.42, p
<.0001 and post-focus, f=5.92, #(21472) =47.46, p < .0001. Pre-focus was significantly more
intense than post-focus, f=2.87, #(21472) = 23.04, p <.0001. Figure 4.14 shows the estimated
marginal means of mean intensity across different tunes for each tone, separated by pre-target

tones.
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Figure 4.14 Effect of Phrase on Mean Intensity across pre-target tones: Estimated marginal

means with 95% confidence intervals

The influence of pre-target tone on intensity was also significant (pre-target tone: (F(3,
21,473.30) = 38.15, p < .001) and significant in the interaction with Phrase (¥(6, 21,471.98) =
65.04, p <.001). In the on-focus region, for instance, the T1 pre-target tone (low falling tone)
was associated with relatively large on-focus contrasts. Under T1T1, the question-statement
difference in on-focus intensity was £ = 1.08 (#(21472) = 8.96, p < .0001), whereas under T4
pre-target tone (a high-level tone), it was f#=0.75 (#21473) = 6.18, p <.0001). In the pre-focus
region, for example, under T2T2 with T1 pre-target tone, the pre-focus contrast between
questions and statements was = 1.59 (#(21473) = 13.32, p <.0001), while the same tone with
T2 pre-target tone yielded a smaller contrast of 5= 0.54 (#(21472) =4.47, p <.0001). See Table

A.1 in Appendix A for the detailed mean intensity results.

4.4.4.2 Syllable-Level (On-Focus)

In the on-focus phrase (as shown in Table 4.4), a significant main effect of Tune was found
(F(1, 14,343.40) = 548.30, p < .001), indicating that questions were produced with greater
mean intensity than statements. Additionally, Tone (F(2, 44.12) =8.52, p <.001), Syllable (F(1,
14,341.98) = 11.40, p < .001), and Pre-target (F(3, 14,342.52) = 75.15, p < .001) all had
significant effects on intensity. The interaction between Tone and Syllable was particularly
strong (F(2, 14,341.98) = 102.45, p <.001), as was the three-way interaction of Tune x Tone

x Syllable (F(2, 14,341.98) = 44.98, p < .001).

Table 4.4 Effects of Tune, Tone, Syllable, and Pre-target on Mean Intensity
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Factor SS MS df (Num) df (Den) F p

Tune 1,698.76 1,698.76 1 14,343.40 548.30 <.001***
Tone 52.79 26.39 2 44.12 8.52  <.001%**
Syllable 35.31 35.31 1 14,341.98 11.40 <.001***
Pre-target 698.46 23282 3 14,342.52 75.15 <.001***
Tune:Tone 24821 12410 2 14,342.69 40.06 <.001***
Tune:Syllable 2.76 2.76 1 14,341.98 0.89  .3450
Tone:Syllable 634.83 31741 2 14,341.98 102.45 <.001***
Tune:Pre-target 12.03 4.01 3 14,342.64 129 2743
Tone:Pre-target 26.99 4.50 6 14,342.51 1.45  .1905
Syllable:Pre-target 464.75 15492 3 14,341.98 50.00 <.001***
Tune:Tone:Syllable 278775 13937 2 14,341.98 4498 <.001***
Tune:Tone:Pre-target 50.02 8.34 6 14,342.64 2.69  .0130*
Tune:Syllable:Pre-target 7.43 2.48 3 14,341.98 0.80  .4938
Tone:Syllable:Pre-target 24.28 4.05 6 14,341.98 131  .2503
Tune:Tone:Syllable:Pre-target 21.11 3.52 6 14,341.98 1.14 3385

The post-hoc comparisons showed that questions had higher mean intensity than statements,
though the size of this effect varied by syllable and tonal context. For example, under Tone =
T1T1, pre-target tone = T1, Syllable 1 in questions was significantly more intense than in
statements by 0.78 dB (#(14,342) = 5.43, p <.0001), and Syllable 2 by an even greater 1.54 dB
(#1(14,342) = 10.66, p < .0001). A similar pattern held for Tone = T2T2, pre-target tone = T1,
where the question-statement contrast for Syllable 1 was 1.02 dB (#(14,342) =7.16, p <.0001),

though the effect on Syllable 2 was not significant (estimate = 0.14, #14,342) = 0.96, p = .34).

The intensity differences between Syllable 1 and Syllable 2 were not consistent in significance.
In some cases, Syllable 1 was significantly more intense, while in others, Syllable 2 was either
more intense or the difference was not significant. For instance, under Tone = T1T1, pre-target
tone = T2, Tune = Statement, Syllable 1 was significantly more intense than Syllable 2, with
an estimated difference of 1.46 dB (#(14,342) =9.65, p <.0001). However, under Tone = T2T2,
pre-target tone = T3, Tune = Statement, Syllable 1 was less intense than Syllable 2 by -1.06 dB

(1(14,342) = -7.25, p < .0001). In other cases, such as T1T1, pre-target tone = T1, Tune =
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Question, the difference was non-significant (estimate = 0.14, #(14,342) = 1.01, p = .32). The
detailed mean intensity across tone, syllable and pre-target tone is listed in Table A.2 in

Appendix A.

4.4.5 Mean F0

4.4.5.1 Phrase-Level

Significant main effect of Tune was found for mean FO (F(1,21,481.08) = 11,347.23, p <.001)
(see Table 4.5). Across all tones, pre-target tones and phrases, mean FO of questions was
significantly higher than statements, suggesting a higher pitch register. The difference between
questions and statements was especially large in the post-focus phrase, where the difference
was as high as = 93.60, #(21475) = 32.80, p < .0001 (e.g., when on-focus was T1T]1, pre-
target tone was T4), indicating a steep rise in pitch toward the end of interrogative utterances.
Elevated FO in questions was also observed in the pre-focus and on-focus phrases, though to a
lesser extent, which confirms that the questions have a global higher register, not locally to the

last syllable of the utterances.

Table 4.5 Effects of Tune, Tone, Phrase, and Pre-target on Mean FO

Factor SS MS df (Num) df (Den) F p

Tune 13,643,007.24 13,643,007.24 1 21,481.08 11,347.23 < .001 ***
Tone 559,412.45  279,706.22 2 41.90 232.64  <.00]***
Phrase 2,564,266.66 1,282,133.33 2 21,471.84 1,066.38 < .001***
Pre-target 245,548.04  81,849.35 3 21,478.01 68.08 <.0071%**
Tune:Tone 50,472.12 25,236.06 2 21,479.96 20.99 <.0071%**
Tune:Phrase 1,841,764.35 920,882.17 2 21,471.84765.92 < .001***
Tone:Phrase 1,815,772.17 453,943.04 4 21,471.84377.56 < .001***
Tune:Pre-target 11,378.32 3,792.77 3 21,479.47 3.15 .0237*
Tone:Pre-target 4,519.52 753.25 6 21,478.00 0.63 7092
Phrase:Pre-target 303,283.88  50,547.31 6 21,471.84 42.04 <.0071%**
Tune:Tone:Phrase 181,623.76  45,405.94 4 21,471.84 37.77 <.0071%**
Tune:Tone:Pre-target 6,102.02 1,017.00 6 21,479.43 0.85 5342
Tune:Phrase:Pre-target 11,873.36 1,978.89 6 21,471.84 1.65 1301
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Factor SS MS df (Num) df (Den) F p
Tone:Phrase:Pre-target 15,207.80 1,267.32 12 21,471.84 1.05 3951
Tune:Tone:Phrase:Pre-target 10,173.28 847.77 12 21,471.840.71 7481

In a further examination of the effects of tone, sentence type and phrase position and their
interactions on mean FO, post-hoc comparisons were conducted using estimated marginal
means averaged over the levels of pre-target tone, since pre-target tone interacts with both Tone
and Phrase, as supported by a significant Phrase x pre-target tone interaction in Table 4.5), and
its effects are addressed separately in the following part. By averaging across pre-target tones,
it is easier to examine mean FO patterns which are shaped by sentence modality (question vs.
statement), lexical tone (T1T1, T2T2, T4T4), and prosodic phrasing (pre-focus, on-focus, post-

focus).

Across all tone types and phrase positions, questions were significantly higher in mean F0O than
statements (all ps < .0001). The question-statement contrast was the largest in the post-focus
position across all tones, with particularly large differences observed in T1T1 (91.10 Hz, p
<.0001), followed by T4T4 (69.50 Hz, p < .0001) and T2T2 (67.50 Hz, p < .0001), which
suggests a strong high boundary tone effect specific to questions that elevates pitch

considerably in final positions.

For TITI, the pitch contour was relatively flat in questions, with no significant difference
between the on-focus and post-focus regions (f = 2.10, #21472) = 1.52, p = .28), and only a
modest increase from pre-focus to on-focus (S = 4.12, #21472) = 2.98, p = .01). In contrast,
T1TI in statements maintained stable pitch from pre-focus to on-focus (f = 1.48, p = .57) but
showed a dramatic drop in the post-focus region (5 = 53.93, p <.0001). This pattern indicates

that question intonation flattens the pitch in TIT1 in the on-focus phrase with the global higher
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register and the pitch height of the post-focus phrases by the high boundary tone, while

statements preserve a post-focus FO fall.

In questions, post-focus pitch for T2T2 actually exceeded on-focus pitch (f = -3.93, p = .01),
indicating a strong rising boundary tone effect specific to questions. Both pre-focus to on-focus
transitions showed significant increases in questions (f = -14.39, p < .0001), while in
statements, T2T2 maintained similar pitch levels from pre-focus to on-focus (5 =0.96, p =.78)

before dropping significantly in the post-focus position (f = 15.35, p <.0001).

For T4T4, both questions and statements showed that the mean FO of the on-focus phrases was
the highest, with significant increases from pre-focus to on-focus positions (questions: f = -
47.43, p <.0001; statements: f = -38.52, p <.0001), followed by significant decreases in the
post-focus region (questions: 5 =30.97, p <.0001; statements: = 59.77, p <.0001). However,
the post-focus drop was substantially larger in statements than questions, resulting in a 69.50
Hz question-statement difference in the post-focus position compared to 40.70 Hz at the on-
focus site. See Figure 4.15 below for the estimated marginal means of mean FO with 95%
confidence intervals, illustrating the effect of Tune (left panel) and Phrase (right panel) across
tones. The detailed averaged mean FO across tone, phrase and pre-target tone is listed in Table

A.l in Appendix A.
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Effect of Tune Effect of Phrase
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Figure 4.15 Effects of Tune (left panel) and Phrase (right panel) on Mean FO: Estimated

marginal means with 95% confidence intervals

With the pre-target tone effect included, Figure 4.16 shows that questions consistently display
higher mean FO than statements across all conditions, with the difference being especially
pronounced in the post-focus position. In the post-focus position, the question-statement
differences range from approximately 66 Hz to 93 Hz (all p <.0001), which is substantially
larger than in the pre-focus (22-37 Hz) or on-focus positions (38-50 Hz). For example, with
pre-target tone T1 and T1T1, the question-statement contrast in post-focus position was 88.00
Hz (#(21474) = 30.93, p <.0001), compared to 30.30 Hz in the pre-focus and 38.90 Hz in the
on-focus positions. This pattern of dramatically increased question-statement contrast in the

post-focus position is consistent across all tone types and pre-target tones, though with some
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variation in magnitude. T1T1 sequences show the largest post-focus question-statement
differences (ranging from 88.00 to 93.60 Hz), while T2T2 and T4T4 show somewhat smaller

differences (ranging from 66.00 to 74.50 Hz).

The influence of the pre-target tone on mean F0 patterns was evident in its modulation of the
FO mean of these phrasal contrasts. In the case of TI1T1, pre-tonal influence created distinctly
different patterns across phrasal positions. Consideration of pre-target tone T3 (high falling
tone) in the statement tune revealed that the pre-focus tone exhibited a significantly higher
mean FO than the on-focus tone (f = 9.50, #(21472) = 3.26, p = .003), while pre-target tone T1
(low falling tone) and the pre-focus tone exhibited lower mean FO values than the on-focus
tone (f =-9.94, (21472) = -3.39, p = .002). For T2T2, pre-tonal influence was most visible in
the question tune, where the magnitude of the pre-focus to on-focus contrast ranged from -
29.47 Hz to just -5.70 Hz for pre-target tone T1 and pre-target tone T4, respectively. For T4T4,
the on-focus-post contrast in the statement tune showed substantial pre-tonal influence, ranging
from 53.89 Hz to 68.24 Hz for pre-target tone T1 and pre-target tone T4, respectively. This
suggests that even for a high-level tone, the preceding tonal context significantly influences

how mean F0Q was distributed across the utterance.
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Effect of Tune
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Figure 4.16 Effects of Tune (top panel) and Phrase (bottom panel) on Mean FO across pre-

target tones: Estimated marginal means with 95% confidence intervals

4.4.5.2 Syllable-Level
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The main effect of Tune was significant (F(1, 14,344.01) = 6,734.80, p < .001), confirming
that questions are produced with significantly higher FO than statements. There were also
significant effects of Tone (F(2, 43.97) = 203.59, p < .001), Syllable (F(1, 14,341.95) =
1,719.94, p < .001), and Pre-target tone (F(3, 14,343.01) = 43.64, p < .001). Interactions
between these factors, including Tune x Tone, Tune x Syllable, Tone x Syllable, and Tune x

Tone x Syllable, were all significant (all p <.001), as shown in Table 4.6.

Table 4.6 Effects of Tune, Tone, Syllable, and Pre-target on Mean F0

Factor SS MS df (Num) df (Den) F p

Tune 6,982,515.18 6,982,515.18 1 14,344.01 6,734.80 <.001***
Tone 422,154.53 211,077.26 2 43.97 203.59 <.001%***
Syllable 1,783,207.39 1,783,207.39 1 14,341.95 1,719.94 < .001***
Pre-target 135,722.55 4524085 3 14,343.01 43.64  <.001***
Tune:Tone 48,379.07 24,189.54 2 14,343.35 23.33  <.001***
Tune:Syllable 22,580.65  22,580.65 1 14,341.95 21.78  <.001%***
Tone:Syllable 309,122.72  154,561.36 2 14,341.95 149.08 < .001***
Tune:Pre-target 1,257.41 419.14 3 14,343.24 0.40 .7499
Tone:Pre-target 16,991.04  2,831.84 6 14,342.99 2.73 .0118*
Syllable:Pre-target 159,010.22 53,003.41 3 14,341.95 51.12  <.001%***
Tune:Tone:Syllable 19,493.90  9,746.95 2 14,341.95 9.40 <.0071%**
Tune:Tone:Pre-target 3,697.05 616.18 6 14,343.24 0.59 7352
Tune:Syllable:Pre-target 1,106.13 368.71 3 14,341.95 0.36 7851
Tone:Syllable:Pre-target 7,733.63 1,288.94 6 14,341.95 1.24 2805
Tune:Tone:Syllable:Pre-target 1,625.90 270.98 6 14,341.95 0.26 9548

Similarly, when averaged across pre-target tone levels, questions consistently showed higher
mean F0 than statements across all tones and syllables. For instance, in T1T1, the mean FO
difference between question and statement was 40.10 Hz for Syllable 1 (#(14,342) = 30.25, p
<.0001) and 41.90 Hz for Syllable 2 (#14,342) =31.63, p <.0001). In T2T2, these differences
increased to 43.60 Hz (Syllable 1, #(14,344) = 33.22, p < .0001) and 55.20 Hz (Syllable 2,
#(14,344) = 42.05, p <.0001). Similar effects were found in T4T4, with 41.50 Hz and 43.10 Hz

differences for Syllables 1 and 2, respectively (both p <.0001).
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Furthermore, averaged over pre-target tone, Syllable 2 always had significantly higher mean
FO than Syllable 1, suggesting that the prominence was in Syllable 2 in the on-focus phrases.
For example, in T2T2, the contrast between Syllable 1 and Syllable 2 was -39.00 Hz in
questions (#(14,342) = -30.42, p <.0001) and -27.40 Hz in statements (#(14,342) = -20.50, p
<.0001). Even in T1T1, where tone contours were flatter in questions, Syllable 2 still had a
significantly higher FO: -11.40 Hz in questions (#(14,342) = -8.91, p <.0001) and -9.60 Hz in
statements (#(14,342) = -7.03, p < .0001). The pattern held for T4T4 as well (-23.90 Hz in

questions, -22.30 Hz in statements, both p <.0001).

As for the pre-target tone effect, the results indicate that the pre-target tone had a significant
influence on mean F0, particularly on Syllable 1. Statistically, this was supported by a
significant Syllable x pre-target tone interaction (F(3, 14,341.95) = 51.12, p < .001),
confirming that the effect of pre-target tone differs across syllable positions (as shown in Table
4.6). Although Syllable 2 consistently showed a high FO and was relatively stable across tonal
contexts, Syllable 1 exhibited greater variability in FO depending on the tonal shape of the
preceding syllable. For example, in the T1T1 tone condition under question intonation, the
Syllable 1-Syllable 2 contrast was -17.71 Hz following a T1 pre-target tone, but reduced to -
4.26 Hz following T2, and increased again with T3 (-16.13 Hz), demonstrating the modulating
effect of pre-target tone. This pattern reflects coarticulatory effects, whereby the FO contour of
the preceding tone affects the pitch target of the immediately following syllable. As Syllable 2
is more prosodically autonomous, often marking phrase boundaries or carrying nuclear pitch
accents, it appears to resist the influence of pre-target tone, resulting in more stable FO

realisation.
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For the TITI sequence, with question intonation, the inter-syllabic FO difference varies
dramatically based on pre-target tone. When preceded by T2 (rising tone), the syllable
difference was merely -4.26 Hz (#(14,342) = -1.66, p = .10) and not statistically significant,
suggesting that the rising endpoint of pre-target tone T2 aligns well with the rising component
of T1T1, creating a smooth tonal transition that minimises the pitch difference between
syllables. In contrast, when T1T1 is preceded by T1 (low falling tone), the difference increases
to -17.71 Hz (#(14,342) = -6.92, p < .0001), indicating that the low endpoint of the preceding

T1 creates a lower starting point for the first syllable, amplifying the inter-syllabic contrast.

For the T2T2 sequence, the largest syllable differences (-51.27 Hz) were observed when
preceded by T1 (low falling tone). This pattern makes phonetic sense because the low endpoint
of pre-target tone T1 establishes a particularly low starting point for the first rising syllable of
T2T2, resulting in a more pronounced rise across the disyllabic unit. When preceded by T2
(another rising tone), the difference decreases to -29.44 Hz, likely because the high endpoint
of the pre-target tone T2 raises the starting point of the following T2, reducing the overall rising

excursion.

For the T4T4 sequence, the pre-target tone effects are less dramatic but still significant. When
preceded by T3 (high falling tone), the syllable difference is -25.83 Hz, compared to -17.22 Hz
when preceded by T2 (rising tone). The relative stability of T4T4 across different pre-tonal
environments, compared to T1T1 and T2T2, aligns with its phonetic identity as a high-level
tone, which may be less susceptible to coarticulatory perturbation than contour tones. The
detailed averaged mean F0 across tone, syllable and pre-target tone is listed in Table A.2 in

Appendix A.
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4.4.6 Maximum F0

4.4.6.1 Phrase-Level

The results revealed significant main effects of Tune (F(1, 21,482.21) = 3,569.95, p <.001),
Tone (F(2, 42.02) = 109.23, p < .001), and Phrase (£(2, 21,471.96) = 121.66, p < .001). The
main effect of pre-target tone was not significant (F(3, 21,478.94) = 1.17, p = .32). Several
significant interactions were observed: Tune x Tone (F(2, 21,481.12) =21.22, p <.001), Tune
x Phrase (F(2, 21,471.96) = 154.09, p < .001), Tone x Phrase (F(4, 21,471.96) = 215.88, p
< .001), and a three-way interaction of Tune x Tone X Phrase (F(4, 21,471.96) = 37.91, p
<.001). Significant but smaller interactions involving pre-target tone were also found: Tune X
pre-target tone (F(3, 21,480.59) = 3.61, p = .01), Phrase x pre-target tone (£(6, 21,471.96) =

2.80, p=.01), and Tune % Phrase X pre-target tone (F(6, 21,471.96) =2.48, p = .02). See Table

4.7.

Table 4.7 Effects of Tune, Tone, Phrase, and Pre-target on Maximum F0
Factor SS MS df (Num) df (Den) F p
Tune 11,469,586.36 11,469,586.36 1 21,482.21 3,569.95 < .00 ***
Tone 701,860.70  350,930.35 2 42.02 109.23 <.001%***
Phrase 781,748.67  390,874.33 2 21,471.96 121.66 < .001***
Pre-target 11,296.08 3,765.36 3 21,478.94 1.17 3187
Tune:Tone 136,347.08  68,173.54 2 21,481.1221.22 < .001***
Tune:Phrase 990,100.95  495,05048 2 21,471.96 154.09 < .001***
Tone:Phrase 2,774,357.54 693,589.38 4 21,471.96 215.88 < .001***
Tune:Pre-target 34,837.48 11,612.49 3 21,480.59 3.61 .0126*
Tone:Pre-target 16,505.58 2,750.93 6 21,478.94 0.86 5263
Phrase:Pre-target 53,912.16 8,985.36 6 21,471.96 2.80 .0101*
Tune:Tone:Phrase 487,168.05 121,792.01 4 21,471.96 3791  <.001***
Tune:Tone:Pre-target 16,232.78 2,705.46 6 21,480.54 0.84 5371
Tune:Phrase:Pre-target 47,730.35 7,955.06 6 21,471.96 2.48 .0214%*
Tone:Phrase:Pre-target 27,399.64 2,283.30 12 21,471.96 0.71 7426
Tune:Tone:Phrase:Pre-target 63,978.96 5,331.58 12 21,471.96 1.66 .0688
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When comparing question and statement tunes, questions consistently showed significantly
higher maximum FO than statements across all tone types and phrase positions. For T1T1, this
question-statement difference was most dramatic in the post-focus position (= 90.10, #(21473)
=38.60, p <.0001), compared to pre-focus (5 = 33.30, #(21473) = 14.28, p < .0001) and focus
positions (f = 35.50, #(21473) = 15.22, p <.0001). For T2T2, the question-statement difference
increased progressively from pre-focus (5 = 33.30, #(21479) = 14.41, p <.0001) to focus (S =
48.80, #(21479) = 21.12, p < .0001) to post-focus positions (f = 53.40, #(21479) = 23.13, p
<.0001). Similarly, for T4T4, the question-statement difference was largest in the post-focus
position (f = 51.20, #(21474) = 22.14, p <.0001), compared to pre-focus (f = 32.20, #21474)

=13.93, p <.0001) and focus positions (f = 38.90, #(21474) = 16.80, p <.0001).

For TIT1 in questions, the focus position showed significantly higher maximum FO than the
pre-focus position (f = -14.49, #(21472) = -6.41, p < .0001). The post-focus position also
displayed higher maximum FO than the pre-focus position, though this difference was not
statistically significant (8 = -3.04, #(21472) = -1.35, p = .37). Specifically, the focus position
exhibited significantly higher maximum FO0 than the post-focus position (f = 11.45, (21472) =
5.07, p <.0001). In statement contexts for the case of T1T1, although the focus position again
showed higher maximum FO than the pre-focus position (f = -12.28, #(21472) = -5.11, p
<.0001), the post-focus position displayed a dramatically lower maximum FO than both the
pre-focus (5 = 53.71, #(21472) = 22.34, p <.0001) and focus positions (f = 65.99, #(21472) =

27.45, p <.0001).

For T2T2 in questions, Maximum FO increased progressively across phrase positions, with
focus higher than pre-focus (f = -13.99, #(21472) = -6.20, p < .0001), post-focus higher than

pre-focus (f = -31.62, #(21472) = -14.00, p < .0001), and post-focus higher than focus (f = -
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17.63, #21472) = -7.81, p < .0001). In statement contexts, the pattern differed, with no
significant difference between pre-focus and focus positions (5= 1.51, #(21472) = 0.64, p = .80),
but with post-focus showing higher Maximum FO than both pre-focus (8 = -11.49, #21472) =

-4.88, p <.0001) and focus positions (5 = -13.00, #(21472) = -5.52, p <.0001).

For T4T4 in questions, Maximum FO also increased progressively, with focus higher than pre-
focus (f =-27.88, #(21472) = -12.38, p <.0001), post-focus higher than pre-focus (5 = -37.82,
#21472) =-16.79, p <.0001), and post-focus higher than focus (f =-9.94, 1(21472) =-4.41, p
<.0001). In statement contexts, both focus and post-focus showed higher Maximum FO than
pre-focus (f =-21.24, #(21472) = -8.96, p < .0001 and S =-18.84, #(21472) = -7.94, p < .0001,
respectively), but with no significant difference between focus and post-focus positions (f =
2.40, 1(21472) = 1.01, p = .57). See Figure 4.17 for the effects of tune (left panel) and phrase

(right panel) averaged by pre-target tones.
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Effect of Tune Effect of Phrase
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Figure 4.17 Effects of Tune (left panel) and Phrase (right panel) on Maximum FO: Estimated

marginal means with 95% confidence intervals

With the pre-target tone factor included, Figure 4.18 still shows that questions consistently
exhibit higher maximum Fo than statements across all conditions, although the magnitude of
this contrast varies across phrasal positions. Unlike the minimum FO and mean FO data, where
post-focus position showed dramatically larger question-statement differences, the maximum

FO data shows more complex patterns.

For T1TI, the question-statement contrast is substantially larger in the post-focus position
(ranging from 85.00 to 92.60 Hz) than in the pre-focus (27.20 to 42.60 Hz) or focus positions

(30.50 to 40.20 Hz). For example, with the pre-target tone T2, the question-statement contrast
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in post-focus position was 92.60 Hz (#(21476) = 19.71, p < .0001), compared to 30.30 Hz in
pre-focus and 36.60 Hz in the focus positions. However, for T2T2 and T4T4, the question-
statement differences are more evenly distributed across phrasal positions, particularly in the
focus and post-focus positions. For T2T2 with pre-target tone T3, the question-statement
contrast was 34.30 Hz in pre-focus, 53.00 Hz in focus, and 55.80 Hz in post-focus position.
This suggests that the intonational effect on maximum FO is more tone-dependent than was

observed for minimum and mean FO.

The comparisons across phrasal positions revealed distinctly different patterns in questions
versus statements. In the question tune, pre-focus position generally had lower maximum FO
than both focus and post-focus positions across most tonal combinations. For instance, with
T4T4 and pre-target tone T1, pre-focus had significantly lower maximum FO than focus (f = -
30.52, #21472) = -6.79, p <.0001) and post-focus (8 =-39.39, #21472) = -8.76, p <.0001). In
the statement tune, the pattern varied substantially by tone type. For T1T1, pre-focus and focus
positions had similar maximum FO, but the post-focus position showed a dramatically lower
maximum FO. With pre-target tone T3, the pre-post contrast was 63.57 Hz (#(21472) = 13.34,
p <.0001) and the focus-post contrast was 68.04 Hz (#(21472) = 14.28, p <.0001). For T2T2
and T4T4, the differences across phrasal positions were more modest, with smaller contrasts

between pre-focus and post-focus positions.

For T1T1, pre-tonal influence created different patterns across phrasal positions in the question
tune. With pre-target tone T3 (high falling tone), pre-focus and focus positions had similar
maximum FO (f =-1.78, #(21472) = -0.39, p = .92), while with pre-target tone T1 (low falling
tone), pre-focus had significantly lower maximum FO than focus (5 =-21.65, #(21472) = -4.81,

p < .0001). For T2T2, pre-tonal influence was particularly evident in pre-focus to focus
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contrasts in the question tune, with values ranging from -25.75 Hz with pre-target tone T1 to
just -4.16 Hz with pre-target tone T2 (non-significant, p = .63). For T4T4, the pre-focus to
focus contrast in the question tune showed less pre-tonal variation, ranging from -24.78 Hz to
-30.79 Hz across different pre-target tones. See mean maximum FO across tone, phrase and

pre-target tone in Table A.1 in Appendix A.
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Figure 4.18 Effects of Tune (top panel) and Phrase (bottom panel) on Maximum FO across

pre-target tones: Estimated marginal means with 95% confidence intervals

4.4.6.2 Syllable-Level (On-Focus)

The statistical result revealed significant effects of Tune (F(1, 14,343.23)=4,714.36, p <.001),
Tone (F(2, 43.98) = 28.07, p < .001), Syllable (¥(1, 14,341.95) = 103.27, p < .001), and pre-
target tone (F(3, 14,342.74) =5.19, p = .001). The interactions told a different story from mean
FO. The Tune x Syllable interaction for maximum FO was not significant (F(1, 14,341.95) =
1.05, p =.30), indicating that the effect of tune on maximum F0 was relatively consistent across
syllable positions. The Tone x pre-target tone and Tune X pre-target tone interactions were
likewise non-significant. See Table 4.8 for the detailed statistical results. See Table 4.8 for the

full statistical results.

Table 4.8 Effects of Tune, Tone, Syllable, and Pre-target on Maximum FO

Factor SS MS df (Num) df (Den) F p

Tune 7,114,135.10 7,114,135.10 1 14,343.23 4,714.36 < .001***
Tone 84,729.24  42364.62 2 43.98 28.07  <.001#**
Syllable 155,841.94 155,841.94 1 14,341.95 103.27 < .001***
Pre-target 23,488.01  7,829.34 3 14,342.74 5.19 .0014**
Tune:Tone 65,089.31  32,544.65 2 14,343.00 21.57  <.001***
Tune:Syllable 1,589.40 1,589.40 1 14,341.95 1.05 3048
Tone:Syllable 213,097.08 106,548.54 2 14,341.95 70.61  <.001***
Tune:Pre-target 2,145.60 715.20 3 14,342.93 0.47 .7004
Tone:Pre-target 15,063.75  2,510.63 6 14,342.73 1.66 1255
Syllable:Pre-target 18,869.00  6,289.67 3 14,341.95 4.17 .0059**
Tune:Tone:Syllable 8,096.83 4,048.42 2 14,341.95 2.68 .0684
Tune:Tone:Pre-target 11,674.39  1,945.73 6 14,342.93 1.29 2581
Tune:Syllable:Pre-target 633.61 211.20 3 14,341.95 0.14 9361
Tone:Syllable:Pre-target 1,921.51 320.25 6 14,341.95 0.21 9731
Tune:Tone:Syllable:Pre-target 984.13 164.02 6 14,341.95 0.11 9955
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When the post-hoc test was averaged by pre-target tone, regarding tune differences (i.e.,
question vs. statement), all conditions showed significantly higher maximum FO in questions
than in statements. For Syllable 1, the difference was f = 41.10 (1.60), #(14342) = 25.69, p
<.0001 in TIT1, p=47.90 (1.58), #(14343) = 30.24, p <.0001 in T2T2, and S =43.00 (1.59),
#(14342) =27.13, p <.0001 in T4T4. For Syllable 2, the pattern remained consistent, with § =
40.80 (1.60), #(14342)=25.53,p<.0001 in T1T1, f=153.40 (1.58), #(14343) =33.73, p <.0001

in T2T2, and B = 41.70 (1.59), #(14342) = 26.33, p < .0001 in T4T4.

As for the comparisons between the two syllables, for T1T1, the maximum FO was significantly
higher in Syllable 1 compared to Syllable 2, both in the questions, f = 3.71 (1.55), #(14342) =
2.40, p = .02, and the statements, f = 3.45 (1.65), #(14342) =2.10, p = .04. In contrast, for T2T2,
Syllable 2 exhibited significantly higher maximum FO than Syllable 1, both in questions, f = -
17.88 (1.55), #(14342) = -11.55, p < .0001, and in statements, f = -12.35 (1.61), #(14342) = -
7.65, p < .0001. A similar pattern was observed for T4T4, where Syllable 2 had greater
maximum FO than Syllable 1, both in questions, f =-7.60 (1.54), #(14342) =-4.92, p <.0001,

and statements, f = -8.87 (1.63), #(14342) =-5.46, p <.0001.

With the inclusion of pre-target tone as a factor, the post-hoc results revealed that pre-target
tone had more influence on Syllable 1 than on Syllable 2, in line with findings from the mean
FO analysis. As Syllable 1 immediately follows the pre-target tone, it is more susceptible to
tonal coarticulation and carryover effects. For instance, in the T2T2 tonal environment with
question intonation, the contrast between Syllable 1 and Syllable 2 varied depending on the
pre-target tone: it was -21.01 Hz following T1 (low falling), -13.86 Hz following T2 (rising), -

20.73 Hz following T3 (high falling), and -15.92 Hz following T4 (high-level). Low or falling
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pre-target tones tend to preserve large pitch differences across the two syllables, while rising

or high-level pre-target tones compress the pitch contour by raising the FO of Syllable 1.

In comparison, Syllable 2 showed a consistent increase in maximum FO regardless of pre-target
tone, likely due to its role as a locus of prosodic prominence, often bearing the final pitch accent
or boundary tone. This implies that Syllable 2 is less influenced by preceding tones, and more
closely reflects the pitch target associated with the tone of the syllable itself or the overall
sentence-level intonation. For example, under Tone = T2T2, pre-target tone = T1, the question-
statement difference in maximum F0 for Syllable 2 was 53.60 Hz (¢ = 16.99, p <.0001), and it
remained similarly high across all other pre-target tones (ranging from 51.00 to 57.10 Hz),

emphasising its resistance to tonal carryover effects.

Interestingly, in tone sequences like T1T1 (rising-falling), the Syllable 1-Syllable 2 contrast in
questions was frequently non-significant, regardless of pre-target tone. For example, when the
pre-target tone = T1 or T3, the contrasts were just 1.48 Hz and 1.16 Hz, respectively (both
p > .60). This suggests that the inherent shape of T1T1 tones, which involve both a pitch rise
and a fall within the tone pair on the lexical tone level but with a global register raising by
question intonation, may neutralise the influence of pre-target tone on peak FO, or result in
overlapping pitch targets that obscure inter-syllabic contrasts. See mean maximum FO across

tone, syllable and pre-target tone in Table A.2 in Appendix A.

4.4.7 Minimum F0
4.4.7.1 Phrase-Level
The statistical results showed that there was a strong main effect of Tune on Minimum FO (F(1,

21,484.05) = 18,613.03, p < .001), with questions showing consistently higher minimum FO
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than statements. Tone also showed a significant main effect (F#(2, 42.06) = 254.05, p < .001),
indicating substantial differences in minimum FO realisation across three lexical tones. The
main effect of Phrase was particularly strong (F(2, 21,471.98) = 1,167.48, p < .001),
demonstrating that minimum FO varies systematically across phrasal positions. Additionally,
pre-target tone showed a significant main effect (F(3, 21,479.99) = 445.20, p < .001),
suggesting that preceding tonal contexts influence minimum FO realisation. Several significant
interactions between variables were observed. The Tune % Phrase interaction was particularly
strong (F(2, 21,471.98) = 1,152.15, p <.001), as well as The Tone x Phrase interaction (F(4,
21,471.98) =403.91, p <.001) and The Phrase x Pre-target tone interaction (F(6, 21,471.98) =
119.95, p <.001). A significant three-way interaction of Tone % Phrase % Pre-target tone was

also observed (£(12, 21,471.98) = 22.76, p <.001). See Table 4.9 below for the Minimum FO

result.

Table 4.9 Effects of Tune, Tone, Phrase, and Pre-target on Minimum FO
Factor SS MS df (Num) df (Den) F p
Tune 15,106,540.97 15,106,540.97 1 21,484.05 18,613.03 < .001***
Tone 412,384.73  206,192.36 2 42.06 254.05  <.001%***
Phrase 1,895,082.24 947,541.12 2 21,471.98 1,167.48 < .001***
Pre-target 1,083,998.10 361,332.70 3 21,479.99 44520 < .001***
Tune:Tone 10,995.58 5,497.79 2 21,482.416.77 001 1**
Tune:Phrase 1,870,194.14 935,097.07 2 21,471.98 1,152.15 < .00]***
Tone:Phrase 1,311,266.12 327,816.53 4 21,471.98403.91 <.001***
Tune:Pre-target 14,315.07 4,771.69 3 21,481.80 5.88 < .00 ***
Tone:Pre-target 60,365.87 10,060.98 6 21,479.96 12.40 < .00 ***
Phrase:Pre-target 584,137.99  97,356.33 6 21,471.98119.95 <.001%***
Tune:Tone:Phrase 12,918.19 3,229.55 4 21,471.98 3.98 .0031%**
Tune:Tone:Pre-target 1,552.38 258.73 6 21,481.740.32 9275
Tune:Phrase:Pre-target 18,162.62 3,027.10 6 21,471.98 3.73 .001**
Tone:Phrase:Pre-target 221,634.49 18,469.54 12 21,471.98 22.76 <.0071%**
Tune:Tone:Phrase:Pre-target 5,536.55 461.38 12 21,471.98 0.57 .8691
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The post-hoc result showed that when comparing question and statement tunes, questions
consistently showed significantly higher minimum FO than statements across all tones and
phrases. This question-statement difference was particularly strong in the post-focus position
for all three tones (T1T1: g =81.30, #21474) = 69.30, p <.0001; T2T2: = 79.90, #(21480) =

68.89, p <.0001; T4T4: p=77.20, 1(21474) = 66.42, p < .0001).

As for individual tones, for T1T1 in questions, the post-hoc analyses revealed that minimum
FO was highest in the post-focus position, followed by pre-focus, with focus showing the lowest
minimum FO (pre vs. focus: f=7.13, #(21472) = 6.28, p <.0001; pre vs. post: f=-3.43,1(21472)
=-3.02, p = .01; focus vs. post: f=-10.56, #(21472) = -9.30, p <.0001). In statement contexts
with TIT1, minimum FO decreased progressively from pre-focus to focus to post-focus (pre vs.
focus: f=11.88,#21472)=9.83, p<.0001; pre vs. post: f=38.28, #21472)=31.68, p <.0001;

focus vs. post: f=26.40, 1(21472) = 21.85, p <.0001).

For T2T2, in questions, minimum F0 increased progressively from pre-focus to focus to post-
focus (pre vs. focus: f=-3.41, #(21472) = -3.01, p = .01; pre vs. post: f =-10.38, #21472) = -
9.14, p <.0001; focus vs. post: f =-6.96, #(21472) = -6.14, p < .0001). In statement contexts
with T2T2, focus showed the lowest minimum FO0, followed by pre-focus, with post-focus
showing the highest minimum FO (pre vs. focus: f =-4.76, #(21472) = -4.02, p <.001; pre vs.
post: f = 31.40, #(21472) = 26.52, p < .0001; focus vs. post: f = 36.15, #(21472) = 30.53, p

<.0001).

For T4T4, in questions, on-focus showed the lowest minimum FO0, followed by post-focus, with
pre-focus showing the highest minimum FO (pre vs. focus: f = -29.89, #(21472) = -26.40, p

<.0001; pre vs. post: f=-2.85, (21472) =-2.52, p = .03; focus vs. post: f=27.03, (21472) =
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23.88, p <.0001). In statement contexts with T4T4, minimum F0 decreased progressively from
pre-focus to focus to post-focus (pre vs. focus: f=-30.45, #(21472) =-25.55, p <.0001; pre vs.
post: f = 33.68, #21472) = 28.26, p < .0001; focus vs. post: f = 64.13, #(21472) = 53.81, p
<.0001). See Figure 4.19 below for the effect of tune (left panel) and the effect of phrase (right
panel) averaged by pre-target tone. See Table A.1 in Appendix A for the detailed mean

minimum FO across tone, tune, phrase and pre-target tone.
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Figure 4.19 Effects of Tune (left panel) and Phrase (right panel) on Minimum FO: Estimated

marginal means with 95% confidence intervals

With the addition of the pre-target tone factor (as shown in Figure 4.20 below), the question-

statement contrasts show that questions consistently display substantially higher minimum FO
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than statements across all tonal combinations, phrasal positions, and pre-tonal contexts. This
difference remained the most pronounced in the post-focus position, where the question-
statement differences reach their maximum, ranging from approximately 75 Hz to 82 Hz (all p
<.0001). For example, with pre-target tone T1 and T1T1, the question-statement contrast in
post-focus position was 80.70 Hz (#(21475) = 34.53, p <.0001), while in pre-focus and focus
positions the contrasts were 36.30 Hz and 42.90 Hz, respectively. This increase in the question-
statement contrast for post-focus position held consistently across all tone types (T1T1, T2T2,
T4T4) and pre-target tones (T1, T2, T3, T4), suggesting a fundamental difference in how
intonational tunes affect minimum FO towards the end of utterances, meaning that while pre-
target tone does influence minimum FO, the large intonational effect in post-focus position

appears relatively resistant to pre-tonal modulation.

The comparisons across phrasal positions showed systematic differences in how minimum FO
values are distributed in questions versus statements. In the question tune, the general pattern
showed pre-focus having higher minimum FO than post-focus position, with significant
negative pre-post contrasts across multiple tonal combinations. For instance, with T2T2 and
pre-target tone T1, pre-focus had significantly lower minimum FO than post-focus (8 =-30.06,
#(21472) =-13.22, p <.0001). This pattern was reversed in the statement tune, where pre-focus
position typically showed higher minimum FO than post-focus position, with significant
positive pre-post contrasts. For T2T2 with pre-target tone T1 in the statement tune, pre-focus

had higher minimum FO0 than post-focus (f = 18.59, #21472) = 7.91, p <.0001).

For T1T1, pre-target tone T4 (high-level tone) created distinctly different patterns than pre-
target tone T1 (low falling tone). With pre-target tone T4, pre-focus position had significantly

higher minimum FO than focus position in both tunes (f = 17.21, #(21472) = 7.58, p <.0001 in
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the question tune; f = 17.83, #(21472) = 7.38, p <.0001 in the statement tune). With pre-target
tone T1, these differences were smaller and non-significant in both tunes. For T4T4, the pre-
tonal influence was particularly evident in the focus-post contrast. With pre-target tone T2
(rising tone), focus had significantly higher minimum FO than post-focus in the question tune
(f=40.53,1(21472) = 17.94, p <.0001), while with pre-target tone T1 (low falling tone), focus
and post-focus showed similar minimum FO values (f =-1.32, #(21472) =-0.58, p = .83). See
Table A.1 in Appendix A for the detailed mean minimum FO across tone, tune, phrase and pre-

target tone.
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Figure 4.20 Effects of Tune (top panel) and Phrase (bottom panel) on Minimum FO0 across

pre-target tones: Estimated marginal means with 95% confidence intervals

4.4.7.2 Syllable-Level (On-Focus)
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The main effects of Tune (F(1, 14,344.97) = 8,420.04, p <.001), Tone (F(2, 43.98) = 572.58,
p <.001), and Syllable (F(1, 14,341.94) =4,060.23, p <.001) were found significant. The main
effect of Pre-target tone was also significant (F(3, 14,343.75) = 222.76, p < .001), as well as
interactions, including Tune x Tone (F(2, 14,344.35) = 6.57, p = .001), Tune x Syllable (F(1,
14,341.94) = 289.93, p < .001), and a particularly strong Tone x Syllable interaction (F(2,
14,341.94) = 865.84, p <.001). The three-way interaction of Tune x Tone x Syllable was also

significant (F(2, 14,341.94) = 20.54, p <.001). See Table 4.10 for the detailed results.

Table 4.10 Effects of Tune, Tone, Syllable, and Pre-target on Minimum FO

Factor SS MS df (Num) df (Den) F p

Tune 7,717,876.83 7,717,876.83 1 14,344.97 8,420.04 < .001***
Tone 1,049,662.10 524,831.05 2 43.98 572.58 <.001***
Syllable 3,721,635.04 3,721,635.04 1 14,341.94 4,060.23 < .001***
Pre-target 612,544.94 204,181.65 3 14,343.75 222.76 < .001***
Tune:Tone 12,052.13  6,026.06 2 14,344.35 6.57 .0014**
Tune:Syllable 265,752.70  265,752.70 1 14,341.94 289.93 <.001***
Tone:Syllable 1,587,274.25 793,637.12 2 14,341.94 865.84 < .001***
Tune:Pre-target 1,597.40 532.47 3 14,344.19 0.58 .6275
Tone:Pre-target 120,346.64 20,057.77 6 14,343.74 21.88  <.001***
Syllable:Pre-target 580,525.77 193,508.59 3 14,341.94 211.11  <.001***
Tune:Tone:Syllable 37,658.13  18,829.06 2 14,341.94 20.54  <.001***
Tune:Tone:Pre-target 3,047.63 507.94 6 14,344.18 0.55 7671
Tune:Syllable:Pre-target 6,747.57 2,249.19 3 14,341.94 2.45 .0613
Tone:Syllable:Pre-target 82,458.12 13,743.02 6 14,341.94 1499 < .001***
Tune:Tone:Syllable:Pre-target 2,841.87 473.64 6 14,341.94 0.52 7961

The post-hoc analyses comparing the tunes found that questions consistently showed
significantly higher minimum FO than statements across all tone types and syllable positions.
For T1T1, this question-statement difference was more pronounced in the second syllable (f =
60.80, #(14342) = 48.76, p < .001) than in the first syllable (f = 36.50, #(14342) = 29.29, p

<.001).
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For T2T2, the question-statement difference was also larger in the second syllable (5 = 56.10,
#(14345) = 45.47, p <.001) than in the first syllable (8 = 37.30, #14343) = 30.27, p <.001).

For T4T4, the question-statement difference followed the same pattern, being larger in the
second syllable (f = 48.50, #(14343) = 39.22, p < .001) than in the first syllable (5 = 39.90,

£(14343) = 32.26, p < .001).

As for the individual tone comparisons, for T1T1, in question contexts, the second syllable
showed significantly lower minimum FO than the first syllable (f = -14.99, #(14342) = -12.42,
p < .001). In contrast, for TIT]1 in statement contexts, the second syllable exhibited
significantly higher minimum FO than the first syllable (8 = 9.29, #(14342) = 7.23, p <.001).
For T2T2, the second syllable showed significantly lower minimum FO than the first syllable
in both question contexts (f =-51.60, #(14342) =-42.78, p < .001) and statement contexts (f =
-32.85, 1(14342) = -26.11, p < .001), though this syllable difference was more pronounced in
questions. Similarly, for T4T4, the second syllable showed significantly lower minimum FO
than the first syllable in both question contexts (f = -55.84, #(14342) = -46.42, p < .001) and

statement contexts (f = -47.23, 1(14342) = -37.29, p <.001).

When the pre-target tone was added to the analysis, the examination of minimum FO revealed
that pre-target tone has a strong and highly significant influence on pitch realisation, more so
than for other FO measures such as maximum F0. The results showed a main effect of Pre-
target tone (£(3, 14,343.75)=222.76, p <.001), as well as significant interactions with Syllable
(F(3, 14,341.94) = 211.11, p <.001) and Tone (F(6, 14,343.74) = 21.88, p <.001). See Table

4.10 for the detailed results.
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For T1T1, the pattern is particularly interesting. In the question tune, Syllable 2 consistently
shows lower minimum FO0 than Syllable 1, with differences ranging from -4.62 Hz (marginally
significant, p = 0.06) with pre-target tone T2 to -27.50 Hz (p <.0001) with pre-target tone T1.
However, in the statement tune, this pattern reverses with some pre-target tones: with pre-target
tone T2, T3, and T4, Syllable 1 actually shows lower minimum FO than Syllable 2, with

differences ranging from 7.53 Hz to 17.29 Hz (all significant at p < .01).

For T2T2, Syllable 2 consistently shows lower minimum FO than Syllable 1 across all
conditions, with substantial differences ranging from -23.57 Hz to -69.60 Hz (all significant at
p <.0001). This pattern is consistent with the rising contour of T2, where the rise begins from

a low pitch point.

For T4T4, the pattern is similar to T2T2 but with even larger differences in some conditions.
Syllable 2 consistently shows lower minimum FO than Syllable 1, with differences ranging
from -23.46 Hz to -84.92 Hz (all significant at p < .0001). This large difference is somewhat
surprising for a high-level tone and may indicate a degree of pitch declination or interaction
with intonational factors. See Table A.2 in Appendix A for the detailed mean minimum FO

across tone, tune, syllable and pre-target tone.

4.4.8 F0 Range

4.4.8.1 Phrase-level

There was a significant main effect of Tune (F(1, 21,485.26) = 78.90, p < .001), Tone (F(2,
42.15)=17.91, p < .001), and Phrase (F(2, 21,472.07) = 308.46, p < .001) on FO range. The
main effect of Pre-target tone was also significant (F(3, 21,480.85)=112.01, p <.001). Several

significant interactions were also found, including Tune x Tone (F(2, 21,483.49) = 13.68, p
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<.001), Tune x Phrase (F(2, 21,472.07) = 32.90, p < .001), and a particularly strong Tone x
Phrase interaction (F(4, 21,472.07) = 338.22, p < .001). The three-way interaction of Tune x
Tone x Phrase was also highly significant (F(4, 21,472.07) = 42.42, p <.001). See Table 4.11

below for the detailed results.

Table 4.11 Effects of Tune, Tone, Phrase, and Pre-target on FO Range

Factor SS MS df (Num) df (Den) F p

Tune 249,426.87 249,426.87 1 21,485.26 78.90 < .001***
Tone 113,253.29  56,626.65 2 42.15 1791 <.001%***
Phrase 1,950,156.15 975,078.08 2 21,472.07 308.46 <.001%**
Pre-target 1,062,237.61 354,079.20 3 21,480.85 112.01 < .001***
Tune:Tone 86,513.52 43,256.76 2 21,483.49 13.68 <.001%**
Tune:Phrase 208,013.59 104,006.80 2 21,472.07 32.90 <.001%**
Tone:Phrase 4,276,629.84 1,069,157.46 4 21,472.07 338.22 <.001***
Tune:Pre-target 5,665.18 1,888.39 3 21,482.86 0.60 .6167
Tone:Pre-target 105,201.51  17,533.58 6 21,480.84 5.55 <.001%**
Phrase:Pre-target 662,892.67 110,482.11 6 21,472.07 34.95 < .001***
Tune:Tone:Phrase 536,333.70 134,083.43 4 21,472.07 42.42 <.001%**
Tune:Tone:Pre-target 13,425.47 2,237.58 6 21,482.79 0.71 .6433
Tune:Phrase:Pre-target 48,803.02 8,133.84 6 21,472.07 2.57 .0171*%*
Tone:Phrase:Pre-target 217,576.65 18,131.39 12 21,472.07 5.74 < .001***
Tune:Tone:Phrase:Pre-target  61,273.42 5,106.12 12 21,472.07 1.62 .0798

When comparing question and statement tunes, the differences in FO range varied by tone and
phrase position. For T1T1, questions showed significantly smaller FO range than statements in
both pre-focus (f = -6.26, #(21474) = -2.71, p = .01) and focus positions (f = -8.80, #(21474) =
-3.80, p < .001), but significantly larger FO range in post-focus (f = 8.78, #(21474) = 3.80, p
<.001). For T2T2, questions showed significantly smaller FO range than statements in pre-
focus (f = -4.87, #(21480) = -2.13, p = .03) and post-focus positions (f =-26.51, #(21480) = -
11.58, p < .0001), but significantly larger FO range in focus (f = 11.97, #21480) = 5.23, p
<.0001). For T4T4, questions showed significantly smaller FO range than statements in pre-

focus (f =-8.46, 1(21474) = -3.69, p <.001) and post-focus positions (f = -26.02, #(21474) = -
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11.34, p <.0001), with no significant difference in focus position (f = -1.26, #(21474) =-0.55,

p=.58).

Consideration of tonal differences in TIT1 sequences in question contexts revealed that the FO
range was significantly larger in the focus than in the pre-focus (f = -21.62, #(21472) = -9.65,
p <.0001) and post-focus positions (f =22.01, #(21472) = 9.82, p <.0001), with no significant
difference between pre-focus and post-focus (f = 0.39, #(21472) = 0.17, p = .98). In statement
contexts with T1T1, FO range was again largest in the focus position (compared to pre-focus:
L =-24.15,121472) = -10.13, p < .0001; compared to post-focus: f=39.59, #(21472) = 16.60,
p <.0001), but the post-focus position showed significantly smaller FO range than the pre-focus

position (8 = 15.44, (21472) = 6.47, p < .0001).

For T2T2 in question contexts, FO range increased progressively from pre-focus to focus to
post-focus (pre vs. focus: f = -10.58, #(21472) = -4.72, p < .0001; pre vs. post: f = -21.25,
#(21472)=-9.48, p <.0001; focus vs. post: f=-10.67, 1(21472) =-4.76, p < .0001). In statement
contexts with T2T2, FO range was smallest in the focus position, significantly smaller than both
the pre-focus (5= 6.26, 1(21472) =2.68, p = .02) and post-focus positions (f =-49.15, #(21472)
=-21.03, p <.0001), with post-focus showing significantly larger FO range than pre-focus (f =

-42.89, 1(21472) = -18.35, p <.0001).

For T4T4 in question contexts, FO range was significantly larger in the post-focus than in both
the pre-focus (f=-34.97,1(21472) =-15.65, p <.0001) and focus positions (f=-36.97, 1(21472)
=-16.55, p < .0001), with no significant difference between pre-focus and focus (f = 2.01,
#(21472) = 0.90, p = .64). In statement contexts with T4T4, FO range increased progressively

from focus to pre-focus to post-focus (focus vs. pre-focus: f=9.21, #21472) =3.92, p <.001;
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pre-focus vs. post-focus: f = -52.52, #(21472) = -22.33, p <.0001; focus vs. post-focus: f = -
61.73, #(21472) = -26.24, p < .0001). Figure 4.21 below shows the effect of tune (left panel)

and the effect of phrase (right panel) averaged by the pre-target tone.

Effect of Tune Effect of Phrase
Pre-focus || On-focus || Post-focus Question Statement
150 4 150 4
1254 1254
2 - 25 -
. k.
100 4 - 100 -
. k.
75 H 751
Z 150 < 1504
D D
g &
1254 S 1254
g = | 2 -
= N o N
& 1004 = &= 100 -
= N N
D YD
S 75- s 75
= £
R Rd
» »n
= =
150 + 150 4
54 125
12 - -
= 3
100 4 e, 100 =
754 75
Y > Y > Y o G & > > &
& & S Y A &
& g & g : g 3 5 5 S 5 5
g A_\,\\" g N&' g A_\,}\ & o \\;—,‘ & o (o‘-,\
Tune Phrase

Figure 4.21 Effects of Tune (left) and Phrase (right) on FO Range: Estimated marginal means

with 95% confidence intervals

When the pre-target tone was added as a factor, the post-hoc results showed that the effect of
pre-target tone is not uniform on the FO range on the preceding tones. The interaction between
pre-target tone and phrase was particularly strong, F(6,21,472.07) = 34.95, p <.001, indicating
that the effect of pre-target tone differs markedly across pre-focus, on-focus, and post-focus

positions. Similarly, Tone % pre-target tone was significant, F(6, 21,480.84) = 5.55, p <.001,
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confirming that the effect of pre-target tone varies depending on the identity of the following

tone.

In pre-focus positions, speakers generally produced a smaller FO range compared to focus, but
the extent of this reduction depended on the preceding tone. For instance, when the pre-target
tone was a low falling tone (T1) and the following tone was the rising-falling T1T1, the FO
range in pre-focus was significantly narrower than in focus, f = -18.76, 1(21,472) = -4.20, p
< .001. In contrast, when the following tone was T4T4 (high-level), the difference between
pre- and focus was more moderate, f = -11.86, #(21,472) = -2.66, p = .02. In some cases, such

as T4T4 with T3 as pre-target tone, no reliable pre-focus compression was observed, p = .61.

In on-focus phrases, pre-target tone again modulated the pitch range, often enhancing or
attenuating the degree of pitch excursion. For example, when the pre-target tone was the rising
tone T2 and the upcoming tone was T1T1, FO range in focus was significantly smaller than in
post-focus, = 15.57, #(21,472) = 3.47, p = .002, suggesting a subtle carryover of pitch height
or pitch register. A similar pattern was found with other tone combinations, such as T2 pre-
target tone and T2T2, where FO range dropped sharply from focus to post-focus, f = -23.52,

(21,472) = -5.23, p < .001.

In post-focus phrases, pre-target tone effects were most evident in the extent of post-focus
compression. For instance, when the pre-target tone was T4 (high-level) and the upcoming tone
was T4T4, the post-focus FO range was substantially reduced relative to both pre- and on-focus
positions, f =-60.40, #(21,472) =-13.57, p < .001. In contrast, when the pre-target tone was T1
(low falling), the degree of post-focus compression was generally milder, especially for T1T1

tones, f = -7.55, #(21,472) = -1.69, p = .21. See Figure 4.22 for the effect of tune and phrase
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across different pre-target tones and Table A.1 in Appendix A for the detailed mean FO range

across tone, tune, phrase and pre-target tone.
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Figure 4.22 Effects of Tune (top panel) and Phrase (bottom panel) on FO Range across pre-

target tones: Estimated marginal means with 95% confidence intervals
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4.4.8.2 Syllable-level (On-Focus)

The results for FO range revealed significant effects for all main factors at the syllable level:
Tune (F(1, 14,343.44) =10.73, p = .001), Tone (F(2, 44.02) = 113.80, p <.001), Syllable (F(1,
14,341.96) = 2,056.65, p < .001), and pre-target tone (£(3, 14,342.79) = 148.55, p < .001).
Several interactions are also highly significant, including Tune x Tone (#(2, 14,343.07) =35.03,
p < .001), Tune x Syllable (F(1, 14,341.96) = 197.63, p < .001), Tone x Syllable (F(2,
14,341.96) = 355.08, p <.001), Tone x pre-target tone (F(6, 14,342.79) = 9.43, p <.001), and

Syllable x pre-target tone (F#(3, 14,341.96) = 118.08, p <.001). See Table 4.12.

Table 4.12 Effects of Tune, Tone, Syllable, and Pre-target on FO Range

Factor SS MS df (Num) df (Den) F p

Tune 12,288.62 12,288.62 1 14,343.44 10.73  .0011**
Tone 260,547.07 130,273.54 2 44.02 113.80 <.001***
Syllable 2,354,339.64 2,354,339.64 1 14,341.96 2,056.65 < .001***
Pre-target 510,173.54 170,057.85 3 14,342.79 148.55 < .001***
Tune:Tone 80,206.53  40,103.26 2 14,343.07 35.03  <.001***
Tune:Syllable 226,237.98 22623798 1 14,341.96 197.63 <.001***
Tone:Syllable 812,960.94 406,480.47 2 14,341.96 355.08 < .001***
Tune:Pre-target 3,309.56 1,103.19 3 14,343.00 0.96 4088
Tone:Pre-target 64,789.79 10,798.30 6 14,342.79 9.43 < .00 ***
Syllable:Pre-target 405,510.64 135,170.21 3 14,341.96 118.08 < .001***
Tune:Tone:Syllable 35,025.62 17,512.81 2 14,341.96 1530  <.001***
Tune:Tone:Pre-target 13,933.53  2,322.25 6 14,343.00 2.03 .0583
Tune:Syllable:Pre-target 3,806.73 1,268.91 3 14,341.96 1.11 .3442
Tone:Syllable:Pre-target 83,959.32 13,993.22 6 14,341.96 12.22 < .001***
Tune:Tone:Syllable:Pre-target  1,386.90 231.15 6 14,341.96 0.20 9763

When averaged by the pre-target tone, the post-hoc results showed that when comparing
question and statement tunes, the differences in FO range varied by tone and syllable position.
For T1T1, questions showed significantly larger FO range than statements in the first syllable

(f=4.57,1(14342) = 3.28, p = .001), but significantly smaller FO range in the second syllable
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(B =-19.96, #(14342) = -14.33, p < .001). For T2T2, questions showed significantly larger FO
range than statements in the first syllable (f = 10.52, #(14343) = 7.63, p < .001), but slightly
smaller FO range in the second syllable (f = -2.70, #(14343) = -1.96, p = .05). For T4T4,
questions showed significantly larger FO range than statements in the first syllable (f = 3.16,
#(14342) = 2.29, p = .02), but significantly smaller FO range in the second syllable (5 = -6.72,
#(14342) = -4.87, p < .001). Thus, across all three tones, questions consistently showed larger

FO range than statements in the first syllable, but smaller FO range in the second syllable.

For T1T1 with the question intonation, the first syllable showed significantly larger FO range
than the second syllable (f = 18.70, #(14342) = 13.87, p < .001). In contrast, for TIT1 in
statement contexts, the second syllable exhibited significantly larger FO range than the first
syllable (f=-5.83, #(14342) =-4.07, p <.001). For T2T2, the first syllable showed significantly
larger FO range than the second syllable in both question contexts (f = 33.72, #(14342) = 25.01,
p <.001) and statement contexts (f = 20.50, #(14342) = 14.58, p <.001), though this syllable
difference was more pronounced in questions. Similarly, for T4T4, the first syllable showed
significantly larger FO range than the second syllable in both question contexts (f = 48.24,
#(14342) = 35.89, p < .001) and statement contexts (f = 38.36, #(14342) = 27.10, p < .001),

with this syllable difference again being more obvious in questions.

When the pre-target tone was added as a factor, the post-hoc tests showed that for T1T1 in the
question tune, Syllable 1 consistently shows a larger FO range than Syllable 2 across all pre-
target tone conditions, with differences ranging from 12.13 Hz with pre-target tone T2 to 28.98
Hz with pre-target tone T1 (all significant at p <.0001). However, in the statement tune, this
pattern is more variable: with pre-target tone T1, the difference is small and non-significant

(2.87 Hz, p = 0.31), while with pre-target tones T2, T3, and T4, the pattern actually reverses,
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with Syllable 2 showing a larger FO range than Syllable 1 (differences of -8.24 Hz, -6.14 Hz,
and -11.83 Hz, respectively, all significant at p < .05). This tune-dependent reversal suggests
that tune significantly alters how tonal contours are realised, particularly for T1T1 sequences.
For T2T2, Syllable 1 consistently shows a larger FO range than Syllable 2 across all conditions,
though the magnitude varies considerably. In the question tune, the differences range from
24.31 Hz with pre-target tone T2 to 48.59 Hz with pre-target tone T1. In the statement tune,
the differences are generally smaller, ranging from 11.97 Hz with pre-target tone T4 to 32.27
Hz with pre-target tone T1. For T4T4, the pattern is similar to T2T2, with Syllable 1
consistently showing a larger FO range than Syllable 2. The differences are particularly large
under some conditions, reaching 73.95 Hz with pre-target tone T1 in the question tune and
61.35 Hz with pre-target tone T1 in the statement tune. See Table A.2 in Appendix A for the

detailed mean FO range across tone, tune, syllable and pre-target tone.

4.4.9 Maximum F0 and Minimum F0 Alignment

The precise location of maximum and minimum FO within each utterance was first identified
to analyse the distribution patterns of FO extrema. These locations were then subsequently
categorised by phrasal region (pre-focus, on-focus, or post-focus). For each combination of
Tone (T1T1, T2T2, or T4T4) and Tune, occurrences of FO maxima and minima in each phrasal
region were tallied. These raw counts were then converted to percentages by dividing by the
total number of occurrences within each Tone-Tune combination and multiplying by 100. The
maximum FO distribution by phrase is presented in Figure 4.23 and with pre-target tone in
Figure 4.24, and minimum FO distribution by phrase is presented in Figure 4.25 and with pre-

target tone in Figure 4.26.
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At the whole-utterance level (Figure 4.23), the alignment between maximum FO and focus
position is tone-dependent. For T1T1 and T4T4, the pitch peak most frequently occurred in the
on-focus position, consistent with a pitch accent aligning with the focused element, which is a
tendency that is particularly noticeable in statements. T2T2, however, displays the opposite
pattern: on-focus is the least likely site of maximum FO in both questions (22.06%) and

statements (23.40%), with the peak instead favouring the post-focus or peripheral regions.

Regarding T1T1, maximum FO most commonly occurs in the on-focus position, with a 41.06%
likelihood in questions and an even higher 49.46% in statements. The pre-focus position also
shows a greater probability, 31.22% in questions and 39.21% in statements, while the post-

focus region has relatively lower occurrence rates.

For T2T2, questions depart from this pattern, with maximum FO most frequently occurring in
the post-focus region (45.79%), followed by pre-focus (32.14%) and the lowest proportion on-
focus (22.06%). In statements, the distribution becomes more balanced between pre-focus

(38.60%) and post-focus (38.00%), with on-focus remaining the least likely site at 23.40%.

T4T4 displays the strongest alignment between maximum F0 and the focused position, with
the on-focus region most frequently hosting the pitch peak in both questions (51.07%) and
statements (58.27%). In questions, pre-focus and post-focus regions are nearly equal in
distribution (24.31% and 24.63%, respectively), while in statements, post-focus drops further

(16.10%) compared to pre-focus (25.63%).

168



T1T1 (HL—LH/_HL) T2T2 (LHLH) T4T4 (HH)
S
31.22% 41.06% 27.72% 32.14% 22.06%  45.79% 24.31%  51.07% 24.63% ﬁ
=
@
=
39.21% 49.46% 11.33% 38.60% 23.40% 38.00% 2563% | 58.27% 16.10% |&
[}
=
-

T T T T T T T T T
Pre-focus On-focus Post-focus Pre-focus On-focus Post-focus Pre-focus On-focus Post-focus
Phrase (where max FO occurs)

Percentage (%)
20 30 40 50

Figure 4.23 Maximum FO distribution by phrase in questions and statements

When considering pre-target tones, as shown in Figure 4.24 below, the lexical tone preceding
the focus, in T1T1, T1 and T2 pre-targets are associated with higher probabilities of on-focus
maximum FO in questions (48.58% and 44.90%, respectively), while T3 pre-targets show a
stronger preference for pre-focus peaks (43.45%). Statements within this pattern show
consistently high on-focus probabilities across all pre-target tones (ranging from 43.82% to

52.03%), with post-focus regions showing the lowest percentages (from 9.59% to 13.31%)).

As for T2T2, in questions, post-focus maxima are dominant across all pre-target tones,
especially with T4 (51.12%). T3 shows an equal likelihood of maximum FO occurring in both
pre-focus and post-focus regions (42.19% each). In statements, the distribution is variable: T2
pre-targets tend to favour post-focus peaks (42.36%), while T3 pre-targets are more associated

with pre-focus maxima (44.48%).
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T4T4 demonstrates the most stable and consistent distribution, with strong on-focus maximum
FO alignment across all pre-targets in both questions and statements. This is especially evident
in statements with a T4 pre-target, where the on-focus peak reaches 63.08%. Across all patterns,
post-focus maximum FO is generally less common in statements than in questions, suggesting

that questions are more likely to maintain high pitch later in the utterance.

T1T1 (HL—LH/ HL) T2T2 (LHLH) T4T4 (HH)
T4 4 29.84% 42.54% 27.62% 27.80% 21.09% 51.12% 19.75% 53.92% 26.33%
T3 4 43.45% 28.12% 28.43% 42.19% 15.62% 42.19% 33.97% 44.23% 21.79% (9
(4]
@»
=
12 4 25.16% 44.90% 29.94% 31.31% 25.56% 43.13% 21.07% 52.83% 26.10% g
I'l A 26.50% 48.58% 24.92% 27.07% 26.11% 46.82% 22.64% 53.14% 24.21%
E)
s
)
o
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I3+ 45.58% 43.82% 10.60% 44.48% 21.38% 34.14% 31.36% 51.22% 17.42% g
]
z
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Figure 4.24 Maximum FO distribution by phrase and pre-target tone in questions and

statements

The distribution of minimum F0 in questions (as shown in Figure 4.25, top panel) shows

distinct patterns across intonation types. At the whole-utterance level, within T1T1, minimum

FO is most likely to occur in the on-focus position (45.04%), followed by pre-focus (29.47%)
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and post-focus (25.50%). In T2T2, the distribution is relatively balanced, with pre-focus
slightly more likely (35.63%), followed by on-focus (32.38%) and post-focus (31.98%). T4T4
presents a strikingly different trend: minimum FO is most commonly located on-focus (51.46%)

and post-focus (44.67%), with very little occurring in pre-focus (3.87%).

For statements (bottom panel), T1T1, T2T2, and T4T4 all show a strong concentration of
minimum FO in the post-focus position, 87.05%, 82.47%, and 85.39%, respectively. This points
to a strong post-focal pitch lowering across statements, regardless of tone pattern. However,
the on-focus position shows extremely low probabilities for minimum F0: 7.01% in T1T1, 5.35%
in T2T2, and just 0.70% in T4T4, with the HH tone sequence showing the most extreme

avoidance of placing pitch minima on focused elements.
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©
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Figure 4.25Minimum FO distribution by phrase in questions and statements

Figure 4.26 below provides a detailed view of how minimum FO distribution is influenced by

pre-target tone. While the earlier figure showed general trends across entire utterances, this

171



breakdown reveals how the lexical tone preceding the focused element affects where pitch
valleys are realised within the whole sentence. In questions, the distribution of minimum FO
shows greater variability and is more sensitive to the identity of the pre-target tone. For T1T1,
the on-focus region is the most frequent locus of the minimum FO, particularly following T3
(51.12%) and T4 (46.98%) pre-targets, whereas T1 and T2 pre-targets show higher pre-focus
probabilities. T2T2 questions are more variable still, with minimum FO occurring across all
positions depending on pre-target tone. Specifically, T1 and T2 show high pre-focus
probabilities (44.59% and 45.05%), while T4 shows a post-focus minimum dominance
(46.01%), reflecting tonal influence on pitch contour realisation. T4T4, on the other hand, has
a clear preference for minimum FO in the pre-focus region across all tones, most with T1
(72.64%) and T2 (56.60%). The on-focus position is almost entirely avoided in these cases,
indicating that pitch valleys are rarely aligned with focal elements in high-level contour

questions.

In statements, the patterns are still consistent across all intonation types: minimum FO almost
always occurs in the post-focus region. For the T1T1 pattern, post-focus percentages range
from 80.71% with a T1 pre-target to 89.40% with T3. Similarly, in T2T2, post-focus minima
are dominant across all tones, rising as high as 90.91% with a T4 pre-target. T4T4 exhibits the
most stable distribution of all, with post-focus minimum FO placement exceeding 76% for all
pre-targets, and reaching 91.40% with T4. On-focus and pre-focus occurrences in statements
are minimal across all conditions, strongly supporting the presence of post-focal pitch lowering

as a universal feature of statement intonation, regardless of tonal context.
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Figure 4.26 Minimum FO distribution by phrase and pre-target tone in questions and

statements

4.5 Discussion

4.5.1 Effects of Pre-Target Tones

The analyses of FO mean, maximum, minimum, and range collectively suggest that pre-target
tones have a clear carry-over effect on the realisation of subsequent tones. Rather than altering
the tonal shape or category of the following tone (as shown in Figure 4.4), pre-target tone
appears to modulate the overall pitch register, influencing how high or low the tone is produced
while preserving its lexical contour. For instance, when the preceding tone was a high-level

(T4) or high-falling tone (T3), the subsequent phrase often exhibited elevated FO, including
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higher FO maxima, minima, and FO means. Meanwhile, low-falling (T1) or rising (T2) pre-

target tones were associated with a lower overall pitch level.

This pattern was consistent across tones and phrase positions, with the expected tonal
trajectories (e.g., rise-fall for T1T1 or rising for T2T2) remaining intact. Even where FO range
varied as a function of pre-target tones, for example, with compressed or expanded pitch
excursions, these changes reflected modulation in pitch span rather than structural alteration of
the tonal contour. Thus, the influence of pre-target tones is best characterised as phonetic
carryover, whereby tonal height and pitch register are affected by preceding tones, but the

phonological identity and shape of the tone remain stable.

4.5.2 Parallel Encoding

4.5.2.1 Prosodic Focus Marking

Prosodic focus is marked primarily by increased intensity and reduced duration, both of which
contribute to the perceived salience of the focal element. At both the phrasal and syllabic levels
of the on-focus phrase, focal positions consistently showed greater mean intensity, indicating
that speakers adjust loudness to mark focus. Since each prosodic region contains an equal
number of syllables, the shorter duration of the on-focus region can be interpreted as a locally
faster speech rate rather than segmental reduction, a form of temporal compression associated
with prominence. Speech rate and intensity therefore emerge as the primary and most
consistent phonetic correlates of focus, applying across all three tone combinations irrespective

of their pitch configurations.

The role of FO in focus marking, by contrast, is tone-dependent. For T1T1 and T4T4, maximum

FO aligned most frequently with the on-focus position in both statements and questions (Figure
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4.23). In statements, the on-focus region hosted the FO peak in 49.46% of T1T1 tokens and
58.27% of T4T4 tokens, and in questions it remained the modal location at 41.06% and 51.07%,
respectively, suggesting a local high pitch, plausibly an H* pitch accent, aligning with the
focused element. The alignment is especially revealing in questions, where two additional FO-
raising mechanisms are present that are absent in statements: the globally raised interrogative

register and the final high boundary tone (§4.5.2.3).

For T2T2, however, the focused word does not host the utterance-level maximum. In both
statements and questions, the on-focus region was the least likely site of maximum FO0 (23.40%
and 22.06%, respectively), with the peak instead falling most often in the post-focus region.
Within these utterances, the maximum FO of the focused word, around 283 Hz in questions and
237 Hz in statements, remains lower than that of the following post-focus word (around 301
Hz and 250 Hz), so the maximum is located after the focus rather than on it. This tendency is
stronger in questions, where the boundary tone raises the utterance-final region further (post-
focus maximum in 45.79% of tokens). The focal accent is therefore present but does not surface

as the utterance peak.

This does not mean that focus is unmarked in T2T2, but that the lexical tone takes the available
FO0, leaving the accent unrealised in pitch. For T1T1 and T4T4, the focused word reaches the
highest FO in the utterance, so the H* surfaces as the peak; for T2T2, the focused word does
not reach as high as the following post-focus word, so the accent, though present, is not realised
in FO, and focus is carried by intensity and speech rate instead. The H* pitch accent is thus best
understood as a consistent component of the focus tune, present across all three tones but visible
in FO only where the lexical tone allows, with intensity and rate marking focus reliably

throughout.
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This pattern stands in contrast to previous work on Mandarin focus. Much of the literature
reports focus-related FO expansion and durational lengthening (e.g. Y. Xu, 1999), and, most
directly relevant, Duan and Jia (2014) found that FO was the primary focus cue for GuanM and
that post-focus compression was present. In contrast, the present results for GuanM show
speech rate and intensity as the primary cues, with FO playing a secondary and tone-dependent
role. As discussed in previous chapters, the four lexical tones in GuanM (except T4, the high-
level tone) are significantly shorter in duration compared to SC (Liu et al., 2020), which may
reflect a language-specific tendency towards faster speech delivery. This tendency could

underlie the observed shortened duration as a cue to sentential prominence in GuanM.

4.5.2.2 Declination in Statements

No evidence of downstep was found in the present study, as the falling and rising tone
combinations used here do not involve any phonological triggers for tonal lowering. Any
systematic downtrend in statements must therefore be interpreted as a register-level effect

rather than as the cumulative result of local tonal lowering.

A consistent, gradual lowering of FO is observed across declarative utterances (Figure 4.10).
Regardless of the tones in the on-focus region or the nature of the pre-target tones, statements
exhibit negative FO slopes across the utterance, reflecting a low intonational register. The
consistency of this effect across tonal contexts supports a register-level interpretation: lowering
driven by local tonal interactions would be expected to vary with tonal composition, while a
declining register lowers all tones alike. Two further observations support this interpretation.
First, Figure 4.9 shows a positive FO slope at the onset of declaratives against a negative onset

slope in interrogatives, indicating a pitch reset at the start of statement utterances; this reset can
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be understood as the speaker setting the reference line high, establishing the ceiling from which
declination proceeds. Second, FO valleys in statements occur consistently in post-focus
positions, with the lowest pitch values reached after the focal element rather than on any

particular tone.

The comparison between sentence types provides the strongest evidence. Questions and
statements contain identical lexical tone sequences and differ only in tune, yet the downtrend
appears only in statements. This shows that the lowering is not an automatic phonetic tendency,
nor a consequence of the tones themselves, but a property of the statement tune specifically.
This finding supports Ladd’s (1984) view that declination is not inevitable but emerges from
intonational structure: here, from a low, declining register present in statements and absent in

questions.

Finally, this register-level lowering is not readily captured by the local, target-based
representations of AM Theory, which specify pitch through the scaling of individual H and L
tones. Because the tonal sequences provide no downstep triggers, the downtrend cannot be
derived from stepwise tonal lowering, as shown in (7), and is better analysed as a property of

the statement register.

4.5.2.3 Question Intonation

In addition to the prosodic marking of focus, the intonational contour associated with questions
exhibits a globally higher FO register from the onset of the utterance, supporting the view that
interrogative tunes are realised with an overall pitch elevation. It is consistent across tone types
and phrasal positions, with questions showing higher mean FO, maximum F0, and minimum

FO compared to statements. The difference between questions and statements was most marked
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in post-focus positions, suggesting that both the utterance-final boundary tone and the global
register setting contribute to the interrogative tune. For clearer visualisation, Figure 4.27 below
presents the FO contours averaged by different pre-target tones to present the overall pitch trend

across both intonational types.
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Figure 4.27 Time-normalised smoothed FO contours of sentences across three tones, fitted

using GAMMs with 95% confidence intervals

The observed question contour aligns with findings from Production Study 1, which proposed
the presence of a high boundary tone in interrogatives, as well as the globally raised pitch
register. The high boundary tone appears to be phonetically realised in a tone-sensitive manner
on the final syllable: it does not always produce an overt rising contour. Instead, it tends to
enhance the rising trajectory of inherently rising tones and suppress the falling trajectory of
falling tones, thereby preventing final syllables from reaching the lower pitch levels typically
observed in statements. Crucially, the disyllabic data in longer utterances provide stronger
evidence for the edge-aligned nature of the high boundary tone. The FO difference between
questions and statements remained roughly consistent throughout the utterance until the post-
focus region. However, in the final prosodic word, comprising two syllables, both syllables
showed a marked increase in the question-statement difference. If the boundary tone were a
floating influence exerting diffuse upward pressure, the raising effect would be distributed
more uniformly across the entire utterance. Instead, the concentration of the effect on the final
prosodic word supports the analysis of H% as a fixed target aligned to the IP boundary, with

its influence extending across the edge-adjacent domain rather than the phrase as a whole.

The phonetic realisation of the high boundary tone remains tone-dependent, facilitating greater
rise in rising tones and mitigating fall in falling tones. Combined with the global pitch elevation,
this configuration not only reinforces the interrogative function prosodically, but also
contributes to stabilising pitch variation across the entire utterance. In doing so, speakers are
able to maintain tonal consistency for lexical tones, ensuring that lexical contrasts remain intact

while simultaneously conveying sentence-level meaning through intonation.
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4.6 Conclusion

This chapter has examined how prosodic focus and intonational meaning are phonetically
realised in longer utterances in GuanM, with particular emphasis on the interaction between
lexical tone and sentence-level intonation. The findings demonstrate that focus is primarily
marked by faster speech rate and increased intensity, rather than by FO-based acoustic features.
This suggests that prominence is achieved not through temporal expansion, as is often reported

in other languages, but through prosodic compression and energy enhancement.

One possible explanation for this pattern is that FO is already functionally occupied by both
lexical tone and intonation, leaving focus, another layer of pragmatic meaning, to be realised
by alternative phonetic cues. At the same time, the question intonational tune is conveyed
through a global high register and a final high boundary tone, whereas statements are

characterised by a global low register and declination, with H* pitch accent aligned with focus.

Based on these observations, the intonational tunes for statements and questions in GuanM are
summarised as follows:
Statement tune:
Lexical tone sequences + H* pitch accent on focus phrases + global low register with

declination

Question tune:

Lexical tone sequences + H* pitch accent on focus phrases (which may be less perceptible) +

global register raising + final H% boundary tone
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Chapter 5 Perception of Question Intonation in Guanzhong Mandarin

The previous chapters examined the production of intonational tunes in GuanM, first in single
phrases in isolation (Chapter 3) and then in longer utterances in interaction with focus (Chapter
4). While these production studies revealed how question intonation is acoustically realised
and how it interacts with lexical tone, they do not address whether listeners can reliably
perceive and discriminate these intonational differences, nor whether lexical tones affect
perception. Therefore, a perception study is necessary to establish whether the intonational
patterns identified in production are communicatively functional. The present perception study
focuses on single phrases in isolation, corresponding to the production data examined in
Chapter 3. This chapter aims to determine how native listeners resolve the potential conflict
between tone-dependent FO movements and the question intonation. By employing a same-
different (AX) paradigm, the study addresses two primary research questions:

. To what extent do listeners rely on the high boundary tone to identify question
intonation when it is superimposed on different lexical tones?

. Does the phonetic interaction between tone and tune lead to a decrease in discrimination

sensitivity d’ in specific tonal contexts?

This chapter is organised into the following sections. The first section reviews the literature on

the perception of intonation in Chinese languages. The second section presents the perception

experiment, including the research questions, methods, and results (sensitivity scores, reaction

times, and accuracy). The chapter concludes with a discussion of findings and conclusions.

5.1 Perception Studies in Chinese Languages
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A central question in perception research focuses on identifying the main perceptual cues that
enable listeners to identify intonation across different languages. These cues include pitch-
related features such as pitch height and contour shape. Gussenhoven and Chen (2000)
explored both universal and language-specific effects in the perception of question intonation
by examining how listeners from three language backgrounds, Dutch, Hungarian, and
Mandarin, perceived questions based on manipulated pitch patterns. They altered three key
prosodic features, namely peak height, peak alignment, and end pitch, using trisyllabic stimuli
from a pseudo-language to avoid familiarity. The results revealed that, across all the language
groups, listeners tended to associate higher pitch peaks, later peaks, and higher end pitch with
questions, suggesting that certain intonational cues, such as high pitch, are universally
perceived as indicating questions. However, language-specific differences emerged; for
instance, Hungarian listeners were more sensitive to peak height than were Mandarin listeners,

indicating that the first language (L1) influences how intonational cues are processed.

Shang et al. (2024) examined how L1 Spanish speakers and Chinese learners of Spanish
perceived yes-no questions and statements in Spanish. They found that both groups relied on
final pitch movement to identify questions, indicating a universal prosodic feature in intonation
perception. However, the Spanish speakers also relied on prenuclear peaks and stress patterns
to differentiate between questions and statements, while Chinese speakers had more difficulty

with intonational cues such as prenuclear peaks.

Perception studies of Chinese languages have paid particular attention to how lexical tone
interacts with intonation in terms of pitch. This has led to ongoing debates regarding whether
the primary perceptual cues are in the FO height or the FO contours of lexical tones, such as a

higher FO leading to the easier identification of questions in Chinese. Moreover, from another
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perspective related to the temporal point FO cues, researchers questioned whether the final
prosodic word of an utterance, the last two syllables, or a more global tendency across the

utterance, contributed to intonation perception.

Yuan (2011) examined how lexical tones in Mandarin affected L1 speakers’ perceptions of
intonation, particularly when differentiating between statements and questions. The results
revealed that sentences ending with a falling tone (Tone 4) made question intonation easier to
identify whereas those ending with a rising tone (Tone 2) made it more difficult, which
indicated that the identification of tones played an active role in how pitch contours were
mapped onto intonational categories, suggesting an interaction between tone and intonation at
the phonological level. The study’s findings also revealed asymmetry between the two types
of intonation: Statement intonation was easier to identify and served as the default or unmarked
form, while question intonation, being a marked type, was more frequently misidentified as a

statement when the tonal or prosodic cues were unclear.

Similar findings were reported by B. R. Xu and Mok (2012), who observed that Mandarin
speakers exhibited a perceptual asymmetry: Speakers could identify questions ending in Tone
4 more accurately than questions ending in Tone 2, both in complete sentences and those in
which the last syllable had been omitted. Furthermore, the fact that question identification
remained accurate even when the final syllable was missing suggested that Mandarin speakers
relied on a global FO height as a cue for questions. For Cantonese speakers, while the final
syllable was a crucial cue, listeners still used pitch register rather than pitch contour to identify
intonation when the last syllable was missing. This indicated that pitch height could sometimes
take precedence over the contour shape. They further illustrated that both Mandarin and

Cantonese listeners relied on universal pitch cues, such as higher pitch and rising contours, to
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identify questions, even when listening to unfamiliar languages. J. K.-Y. Ma et al. (2006b)
found similar results; in their study, perceptual accuracy between the full sentence condition
and the final-syllable-only condition was similar, but was significantly lower when only the
carrier sentence (without the final syllable) was presented, which suggested that the final rise
in FO, which typically marked questions, was a crucial cue for intonation identification,
whereas pitch changes earlier in the sentence (the carrier) were less effective. Furthermore,
questions ending with high-rising tones were perceived more accurately than those ending with
low-rising or other tones. By contrast, statements ending with high-rising tones were often
misperceived as questions, demonstrating a tone and intonation interaction. In the follow-up
study, J. K.-Y. Ma et al. (2011) discovered that questions and statements were distinguished
by the FO interval (the range of pitch between the onset and offset at the utterance-final syllable)
and the average FO, both of which were significant predictors of question identification. By

contrast, FO slope (the rate of FO change over time) was not found to be a significant predictor.

C. Zhang (2018) investigated the interaction between lexical tones and intonational tunes in
Tianjin Mandarin using tune identification tasks and revealed that listeners rely on two primary
cues when distinguishing intonational yes-no questions from statements: register information
and a floating H% boundary tone. Crucially, lexical tones were found to compete with
intonational cues during perception; high-rising tones facilitated question identification, whilst
low-falling tones facilitated statement identification. When boundary information was removed
from stimuli, identification accuracy dropped markedly, emphasising the importance of the
boundary tone in question perception. Furthermore, reaction time data provided evidence for
incremental processing, suggesting that listeners begin formulating tune judgements upon

encountering early register cues rather than awaiting complete utterances.
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Liang and van Heuven (2007) explored how L1 Mandarin speakers and learners of Mandarin
as a second language (L2), whose L1s were either tonal (Nantong and Changsha dialects) or
nontonal (Uygur), perceived both lexical tones and sentence intonation using global rising or
final-rising cues. By manipulating the final rise in pitch, the authors found that sensitivity to
the final pitch movement was a crucial determinant in listeners’ judgements when compared to
the overall pitch level. Of note, nontonal-language listeners identified sentence types more
quickly and were more responsive to sentence-level pitch cues. However, L1 Mandarin
speakers were slower, which was probably due to the cognitive demands of processing both
lexical tones and intonation simultaneously. Such results indicated a trade-off between tone
and intonation processing whereby speakers of tonal languages tended to prioritise lexical tone,

thus decreasing their sensitivity to sentence-level intonation cues.

Ni and Kawai (2004) investigated how changes in pitch targets (FO peaks and valleys)
influenced the perception of tone and intonation in Mandarin. They modified the pitch targets
of the final tones in two carrier sentences, which were originally statements, to observe how
these changes affected listeners’ perceptions of the utterances as statements or as questions, as
well as the perceived focus and tone of the final syllable, by either keeping the FO peak or
valley unchanged and altering the other, or by changing both peak and valley. The results
revealed that the listeners consistently perceived utterances with higher FO peaks as being
questions. Specifically, for sentences ending in Tone 2, higher FO peaks made the sentence
more likely to be interpreted as a question. However, for sentences ending in Tone 4, the
listeners only perceived the utterance as being a question when the entire tone was positioned
in a higher pitch register. If the FO valley remained low, the utterance was always judged to be

a statement.
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Liu et al.’s (2022) study examined how semantic context influenced the processing of tone and
intonation in Mandarin, particularly when the pitch contours of the lexical tone and the sentence
intonation were either aligned or not aligned, as in the case of Tone 2 and Tone 4. The authors
compared how Mandarin speakers identified tone and intonation in both semantically neutral
and semantically constraining contexts. Here, only the results of the semantically neutral
contexts from their paper are presented; the carrier sentence used was “She just said X”, with
the final syllable X varying in tone (T2 or T4) and produced with either statement or question
intonation. In this condition, the participants remained highly accurate in terms of tone
identification even in the absence of semantic cues, which suggested that the listeners relied
heavily on acoustic features to differentiate between tones. However, identifying intonation
was much more challenging in the neutral context, particularly for questions. The participants
found it equally difficult to differentiate between question and statement intonation when the
final tone was either T2 or T4, as the lack of semantic information (top-down information)
made it more challenging to separate the inherent pitch contour of the tone and the intonational

pattern.

Yang et al. (2024) explored another aspect of tone and intonation by investigating whether the
perception of intonation was gradient or discrete in two varieties of Chinese: Cantonese, which
has lexical tones that differ in both pitch register and pitch shape, and Zhumadian Mandarin
(ZM), a dialect with four lexical tones, namely an early fall, a late fall, an early rise, and a late
rise. In Cantonese, questions are marked by a final pitch rise, while questions are expressed
through the raising and expansion of pitch range in ZM. The study’s findings revealed that
lexical tone contrasts were perceived categorically in both Cantonese and ZM, in line with the
established view that tonal contrasts are phonologically encoded. However, with regard to the

perception of intonation, in Cantonese, in which intonation is marked by pitch shape
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differences, intonation contrasts were also perceived categorically. By contrast, ZM speakers,
whose intonation contrasts rely on the pitch height factor, perceived these contrasts gradiently.
These results indicated that the phonological encoding of pitch shape was essential for
categorical perception, while pitch heights linked to intonational significance were processed

1n a more continuous manner.

In summary, these studies of Chinese languages have validated the complex interaction
between lexical tone and intonation in perception by showing that both FO height and contour
influence how listeners perceive intonation. While final syllable cues, such as pitch rise or fall,
are important for differentiating between statements and questions, global pitch patterns also
play a crucial role; which factor serves as the primary or secondary cue in perception depends
on the language. In addition, the cognitive load involved in processing both tone and intonation
can vary between speakers of tonal and nontonal languages, with speakers of tonal languages
often prioritising lexical tone, which may reduce their sensitivity to sentence-level intonational

cucs.

5.2 Methods

5.2.1 Participants

Forty native speakers of GuanM, including 20 females from Xi’an, China, participated the
experiment (mean age: 36.95 years, age range 20 to 50 years). None of them reported having
hearing or speaking disorders. Before taking part in the study, all the participants gave written

informed consent and were compensated for their time.

5.2.2 Stimuli

187



The stimuli comprised recordings obtained in Production Study 1 and consisted of 36 disyllabic
words: 12 each for the T1T1, T2T2, and T4T4 (see Table 5.1 for the full list of words). The
items had been produced by a single 24-year-old female speaker of GuanM, who recorded each
word in both question and statement intonation. The mean duration of the recorded stimuli was

757.37 ms for questions and 741.66 ms for statements.

Table 5.1 List of stimuli used in the Perception Study

T1T1 T2T2 T4T4
B JER IRig
u3lia3l ma24iou24 lan55man55
‘crow’ ‘sesame oil’ ‘romance’
o i TiFl
yan3lian31 mian24ian24 mian55liauS5
‘mandarin duck’ ‘sheep’ “fabric’
VE i PR T3
luo31ie31 mian24ma24 mian55mau55
‘fallen leaves’  ‘linen fabric’ ‘face’
B R WA SR
ien31io31 lan24mei24  iap55maus5
‘music’ ‘blueberry’ ‘appearance’
K FE HhsE
lu3lien31 ian24mau24  ua55m®55
‘recording’ ‘wool’ ‘takeout’
1] K iz
uan31lye31 nun24mien24  minSS5yenSS
‘crescent moon’ ‘farmer’ ‘destiny’
% I3 1] CANz
ye31li31 nan24men24  ux55maud5
‘experience’ ‘south gate’  ‘foreign trade’
HR L3 (e
ye31mo31 ian24mei24 min55lin55
‘end of month’ ‘bayberry’ ‘order’
H % SEUN VAES
mu31lu3l mau24ly24 lin55lueiss
‘catalogue’ ‘donkey’ ‘alternative’
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Pk Bt DTS
iou3lye31 mei24iou24  ne55 meisSsS
‘superior’ ‘kerosene’ ‘ambiguous’
i HR e e S
mu31ly31 iou24lyen24  min55nanS5
‘bathing’ ‘cruise’ ‘homicide’
M et Wik
ian31ie31 mau24gniou24 155lyen55
‘tobacco’ ‘yak’ ‘discussion’
64 LN SR
iau31nio31 iou24y24 155ma55
‘invite’ ‘squid’ ‘charity sale’

5.2.3 Procedure

Research on speech perception typically uses two main categories of tasks: identification tasks
and discrimination tasks (H.-S. Cheng et al., 2021). For this experiment, the AX discrimination
task was selected over both identification tasks and other discrimination paradigms such as
ABX or 412AFC (four-interval, two-alternative forced-choice). In the AX task, participants are
presented with two successive sounds (A and X) and judge whether the sounds are the same or
different. By contrast, the ABX task requires participants to hear three sounds (A, B, and X)
and to decide whether the third sound (X) matches the first (A) or the second (B), which
increases the cognitive load and encourages labelling strategies that are based on phoneme
categories rather than on purely auditory discrimination. The 412 AFC task presents participants
with a sequence of sounds in either the AABA or the ABAA order, with stimulus A at the
beginning and at the end functioning as a reference. Participants must determine whether the
odd sound occurs in the second or third interval. This task involves both auditory processing
and phoneme labelling, but requires more cognitive effort due to the need to track multiple
intervals and sounds (Gerrits & Schouten, 2004). Since the focus of the task was on the
perception of intonation in tones, in which pitch serves as the primary cue and there is already

complicated interaction between intonation and tone, the AX task was chosen to decrease the
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cognitive load via the experimental design itself. This allowed the participants to focus more

on auditory perception without the interference of additional cognitive demands.

The decision to omit a formal identification task was strategically made to prioritise the
measurement of raw auditory sensitivity over linguistic labelling. In identification tasks,
listeners explicitly label a sound as belonging to one category or another, which taps into a
categorical mode of perception (H.-S. Cheng et al., 2021). This forced categorisation may mask
the gradient nature of intonation contrasts. This distinction is critical, as Gussenhoven and Van
de Ven (2020) demonstrated in their study of Zhumadian Mandarin: while lexical tone contrasts
(early vs. late alignment of falls and rises) were perceived categorically, the statement-question
intonation contrast was perceived gradiently. The AX discrimination task allows for the
detection of sensitivity to acoustic variations within the same category, effectively focusing on
auditory pitch cues, such as pitch range and alignment, without requiring categorical labelling.
Therefore, the AX discrimination task was used in this experiment to assess the participants’
ability to differentiate between different intonations of the same word. Each trial had two
sounds: Sound A (the first sound) and Sound X (the second sound), both of which were the
same word produced with either a statement or a question intonation with possible
combinations based on the order of the sounds:

A = Statement, X = Statement (SS)

A = Statement, X = Question (SQ)

A = Question, X = Question (QQ)

A = Question, X = Statement (QS)

Each participant was presented with these four combinations twice, resulting in a total of 288

trials per participant (3 tones x 12 disyllabic words x 4 combinations x 2 repetitions). The order
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of the presentation was randomised to minimise order effects and to enhance the reliability of

the responses.

The experiment was conducted using PsychoPy (Peirce et al., 2019). The participants were
seated in a quiet room in a local community centre and wore headphones. They were instructed
to listen carefully to each pair of sounds and to decide whether the intonation of the second
sound (X) matched that of the first sound (A) by pressing “1” for “same” or “0” for “different”.
They were given 2000 ms to respond, with a 200 ms interval between the two sounds. The

entire experiment took approximately 15 minutes to complete.

5.2.4 Statistical Analyses

To assess the participants’ ability to differentiate between different pairs of sounds, the d-prime
(d’) score was calculated for each participant based on each tone. These scores were divided
into two pairs based on the intonation of the first sound (A): SS_SQ (when A = Statement) and
QQ_QS (when A = Question), which was used to explore whether the sequence of intonations

made a difference in the AX task. The following formula was used to compute d:

d = Z(hitrate) — Z(false alarm rate)

The hit rate is the percentage of the times that the participants correctly identified the second
sound (X) as being different from the first sound (A) when there was an actual difference. For
example, in the SQ and QS conditions, where A = Statement and X = Question (or vice versa),
the participants should correctly perceive the difference in intonation. The hit rates for SQ and
QS were calculated by dividing the correct responses in each condition by the total number of

trials for SQ and QS, respectively. The false alarm rate refers to the percentage of times that
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the participants incorrectly identified the second sound as being different when they were
actually the same, such as in SS and QQ conditions, in which both sounds (A and X) had the
same intonation. The false alarm rates for SS and QQ were calculated by dividing the number
of incorrect responses for each condition by the total number of trials for SS and QQ,
respectively. The d’ score is the difference between the Z-scores for the hit rate and the false
alarm rate. A higher d’ value indicates greater sensitivity or discrimination ability (Macmillan
& Creelman, 2004), meaning that the participants were more accurate in detecting when the

two sounds differed without having many false alarms.

To analyse the d’ scores, a linear mixed-effects model was fitted using the ImerTest package
(Kuznetsova et al., 2017) in R (R Core Team, 2024), where the d’ score was the dependent
variable, with Pair (SS_SQ and QQ _QS) and Tone (T1T1, T2T2, and T4T4) and their

interaction as fixed effects, and Participant as a random effect.

Reaction times (RTs) for correct responses were also analysed. Outliers were removed prior to
analysis: RTs more than three standard deviations above or below each participant’s mean were
excluded, resulting in a data loss of 1.48% (170 trials). The RTs were log-transformed to reduce
the positive skew typical of RT distributions, following common practice. A linear mixed-
effects model was fitted with RT as the dependent variable. The fixed effects were Tone (T1T1,
T2T2, and T4T4), AX Sequence (SS, SQ, QQ, and QS) and their interaction. Participant, [tem

and Repetition were included as random effects.

The accuracy data were analysed using a generalised linear mixed-effects model. Both the fixed
and the random effects in the accuracy model were the same as those in the RT model. Post-

hoc pairwise comparisons for significant effects were conducted using Tukey’s HSD tests in
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the emmeans package (Lenth, 2024) in R (R Core Team, 2024). The model was specified in R
as follows:
model accuracy <- glmer(Accuracy ~ Tone* AX Sequence + (1 | Participant) + (1 | Item) +

(1 | Repetition ), data = df, family = binomial)

5.3 Results

5.3.1 d’ Scores

Figure 5.1 presents the d” scores for TIT1, T2T2, and T4T4 across two Pair pairs: SS_SQ and
QQ_QS. As shown, the SS_QQ pair had an overall higher d’ score compared to the QQ_QS
pair, suggesting that the participants were better at distinguishing the difference when the first
tone was statement intonation. T1T1 consistently showed the highest sensitivity across both
pairs. When the first sound was a statement, the d’ score was 2.51, compared to 2.34 when the
first sound was a question. By contrast, T2T2 demonstrated the lowest sensitivity in the
QQ_QS pair as the mean d’ score was only 1.00, suggesting that the participants had more
difficulty detecting the difference in T2T2 when the first intonation was question intonation.
However, T2T2 showed a significant improvement in the SS SQ pair with 2.15 d’ scores,
indicating that the participants found it easier to perceive the differences in two intonations
when the first sound had statement intonation. T4T4’s performance was intermediate between

T1T1 and T2T2, with a mean d’ score of 1.64 in the QQ_QS pair and 1.92 in the SS_SQ pair.
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d -prime score

1.0-

! !
SS_SQ QQ QS
Pair

Tone TIT1 - T2T2 T4T4

Figure 5.1 d’scores for T1T1, T2T2 and T4T4 by Pair: SS_SQ and QQ_QS

The results of the statistical analysis revealed that the main effects of Tone, Pair, and their
interaction were all significant in terms of d” scores (Tone: y*(4) = 150.53, p <.001; Pair: ¥*(3)
=111.89, p <.001; Tone x Pair: y*(2) = 52.65, p <.001). The results of the post-hoc pairwise
comparisons showed that, for the QQ_QS pair, when the first sound had a question intonation,
the d’ score for T1T1 was significantly higher than it was for T2T2 (f = 1.34, #(195) = 13.54,
p <.0001) and higher than it was for T4T4 (f = 0.70, #(195) = 7.11, p <.0001). The d’ score
for T2T2 was significantly lower than it was for T4T4 (8 = 0.64, 1(195) = -6.43, p <.0001). The
differences between the tones were less distinct for the SS_SQ pair when the first sound had a
statement intonation. T1T1’s d’ score was still significantly higher than were the scores for
T2T2 (=0.36,#(195)=3.61, p=.005) and T4T4 (5 =0.58, #195) =5.90, p <.0001), although
no significant difference was found between T2T2 and T4T4 (p = .201). Furthermore, both

T2T2 and T4T4 had significantly increased d’ scores from the QQ_QS to the SS_SQ pair, with
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T2T2 showing a larger increase (T2T2: f=-1.15, #195) =-11.62, p <.0001; T4T4: f=-0.29,
#(195) =-2.90, p = .048). This suggested that the ability to discriminate between T2T2, a rising
tone, and T4T4, a high tone, was enhanced when the first tone was a statement, which was not
the case for T1T1 in the QQ_QS and SS_SQ pairs (f =-0.17, #(195) = -1.69, p = .543). See

Table 5.2 for the output of the model for the d” scores.

Table 5.2 Model’s output for the d’ scores. Square brackets indicate the factor level

comparisons
Predictors Estimates Cl p
(Intercept) 234 2.06-2.62 <.001
Tone [T2T2] -1.34 -1.53--1.14 <.001
Tone [T4T4] -0.70 -0.90 —-0.51 <.001
Pair [SS_SQ] 0.17 -0.03-0.36 .093
Tone [T2T2] x 098 0.71 -1.26 <.001
Pair [SS_SQ]
Tone [T4T4] x 0.12 -0.16-0.39 .393
Pair [SS_SQ]
Random Effects
o’ 0.20
T00 Participant 0.60
ICC 0.76
N Participant 40
Observations 240
Marginal R? / 0.239/0.814
Conditional R?

5.3.2 RTs

Significant main effects were observed for both AX Sequence (¥*(9) = 29.74, p < .001) and
Tone (¥*(8) = 18.93, p = .015), showing that both AX Sequence and Tone had a significant
impact on the RTs, while the interaction effect between the AX Sequence and Tone was not

significant (y*(6) = 12.42, p = .053). Post-hoc comparisons using Tukey’s test further revealed
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that the significant differences across the sequences only occurred for T1T1. For T1T1, the
RTs for the SS sequence were significantly longer than were those for the SQ sequence (5 =
0.16, 1(7956) = 3.10, p = .0106); the RTs for the SQ sequence were also significantly shorter
than were those for the QQ (f =-0.14, #(7965) =-2.71, p = .0341) and QS sequences (f =-0.22,
#(7953) = -4.03, p = .0003). No other significant effects were found. No significant differences
were observed between sequences for T2T2, although the trend suggested faster responses
when the first tone was a statement. Similarly, T4T4 showed no significant differences across
sequences, although a similar trend of faster responses for the sequence in which the first sound
had statement intonation was observed. See Table 5.3 for the detailed mean RTs and Table 5.4

for the summary of the statistical result.

Table 5.3 RTs for correct responses across different AX Sequences and Tones

AX Sequence Tone N Mean (SD)
TITL 759 369.55(293.19)
A = Statement, X = Statement T2T2 737 364.31 (307.87)
T4T4 705 375.06 (316.73)
TITI 701 346.93 (314.61)
A = Statement, X = Question T2T2 616 368.11 (314.29)
T4T4 615 376.10 (301.11)
TITI 758 364.20 (288.41)
A = Question, X = Question  T2T2 663 395.00 (329.39)
TAT4 747 375.59 (302.83)
TITI 701 389.09 (324.12)
A = Question, X = Statement T2T2 478 375.90 (299.69)
T4T4 543 389.00 (311.12)

Table 5.4 Model’s output for log-transformed RTs. Square brackets indicate the factor level

comparisons
Predictors Estimates Ccl P
(Intercept) 5.49 5.33-5.64 <.001
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AX Sequence [A=S, X=Q] 0.16  -027--0.06  .002

AX Sequence [A=Q, X=Q] -0.02 -0.12-0.08 .693
AX Sequence [A=Q, X=S] 0.05 -0.05-0.16 314
Tone [T2T2] -0.08 -0.18 —0.03 148
Tone [T4T4] -0.01 -0.12-0.10  .874
AX Sequence [A=S, X=Q] x 0.19 0.04-0.33 014
Tone [T2T2]
AX Sequence [A=Q, X=Q] x 0.13 -0.02-0.27  .082
Tone [T2T2]
AX Sequence [A=Q, X=S] x 0.09 -0.06 — 0.25 241
Tone [T2T2]
AX Sequence [A=S, X=Q] x 0.23 0.08—-0.38  .002
Tone [T4T4]
AX Sequence [A=Q, X=Q] x 0.08 -0.07-0.22  .290
Tone [T4T4]
AX Sequence [A=Q, X=S] x 0.05 -0.10-0.20  .524
Tone [T4T4]
Random Effects
o’ 1.00
T00 Participant 0.17
T00 Item 0.00
T00 Repetition 0.00
ICC 0.15
N Participant 40
N item 36
N Repetition 2
Observations 8023
Marginal R? / Conditional R? 0.004 /

0.151

5.3.3 Accuracy

As shown in Figure 5.2, T1T1 consistently showed the highest accuracy across all the
sequences, particularly in the SS (80.06%) and QQ (80.13%) sequences. By contrast, T2T2
consistently showed lower accuracy compared to both T1T1 and T4T4. For example, in the QS
sequence, T2T2 had the lowest accuracy at 50.80% which was at chance level (50%),

suggesting participants performed no better than guessing. T4T4 had variable results: higher
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than T2T2 in SS and QQ sequences, but showing similar accuracy to T2T2 in the QS sequence.
When examining the effects of the AX Sequence, the SS and QQ sequences exhibited the
highest accuracy across all tones, with T1T1 being the highest. However, the SQ sequence
showed a decline in accuracy compared to the SS, particularly for T1T1 (64.84%) and T2T2

(65.36%). The QS sequence had the lowest overall accuracy, particularly for T2T2 (50.80%)

and T4T4 (57.70%).

80.06
80%- e
60% -
40%-
20%-
0%-

80.13

74.18

Accuracy (%)

I 64.84 65.36

A=S. X=S A=S, X=Q A=Q, X=Q A=Q. X=S
AX Sequence

Tone [] TIT1 [} T2T2 [ T4T4

Figure 5.2 Accuracy across different AX Sequences and Tones
The statistical results showed that, for accuracy, the main effects of the AX Sequence (¥*(9) =

357.73, p < .001) and Tone (¥*(8) = 87.51, p < .001) and the interaction between the AX

Sequence and Tone were all significant (¥*(6) = 61.85, p <.001), indicating that the effect of
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the AX Sequence on accuracy depended on the level of Tone. The observations based on Figure
5.2 were further confirmed by the Tukey’s HSD pairwise comparisons. In the SS sequence,
T1T1 had higher accuracy than both T2T2 (£ =0.17, z=1.08, p = .529) and T4T4 (f = 0.32, z
=2.07, p =.096), although these differences were not statistically significant. However, in the
SQ sequence, T1T1’s accuracy was significantly higher than both T2T2 (= 0.54,z=3.59, p
=.001) and T4T4 (5 =0.50, z = 3.34, p = .003). In the QQ sequence, the participants continued
to respond significantly better in T1T1 than in T2T2 (f = 0.66, z = 4.30, p = .0001), but no
significant difference was found between TIT1 and T4T4. In addition, T4T4 showed
significantly higher accuracy than did T2T2 (f=-0.56,z=-3.63, p =.0008). In the QS sequence,
T1T1 maintained higher accuracy than both T2T2 (8 =1.23,z=8.32, p <.0001) and T4T4 (8
=0.88,z=15.95, p <.0001), with T4T4 also showing significantly higher accuracy than T2T2
(B =-0.35, z=-2.43, p = .0403). In sum, TI1T1 consistently achieved the highest accuracy
across sequences, whereas accuracy varied markedly across AX Sequences: it remained high
in the SS and QQ sequences but dropped substantially in the SQ and, especially, QS sequences.
T2T2 was the most difficult for participants to distinguish, particularly when the sequence
involved a shift from question to statement intonation (QS). See Table 5.5 for the summary of

the statistical model’s output for accuracy.

Table 5.5 Model’s output for Accuracy. Square brackets indicate the factor level

comparisons
Predictors Odds Ratios Ccl p
(Intercept) 5.36 3.65-7.87 <.001
AX Sequence [A=S, X=Q] 0.67 0.53-0.85 .001
AX Sequence [A=Q, X=Q] 1.01 0.79-1.29 .938
AX Sequence [A=Q, X=S] 0.67 0.53-0.84 .001
Tone [T2T2] 0.84 0.62-1.15 .282
Tone [T4T4] 0.72 0.53-0.98 .038
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AX Sequence [A=S, X=Q] x 0.69 0.50-0.96 .025
Tone [T2T2]

AX Sequence [A=Q, X=Q] x 0.61 0.44-0.85 .003
Tone [T2T2]

AX Sequence [A=Q, X=S] x 0.34 0.25-0.47 <.001
Tone [T2T2]

AX Sequence [A=S, X=Q] x 0.84 0.61-1.16 .284
Tone [T4T4]

AX Sequence [A=Q, X=Q] x 1.24 0.89-1.74 203
Tone [T4T4]

AX Sequence [A=Q, X=S] x 0.57 0.42-0.79 .001
Tone [T4T4]

Random Effects

o’ 3.29

T00 Participant 1.00

T00 Item 0.06

T00 Repetition 0.00

ICC 0.24

N Participant 40

N item 36

N Repetition 2

Observations 11350

Marginal R? / Conditional R* 0.055 /0.286

5.4 Discussion

Tune perception relies on tone-dependent tonal interactions. In the case of TIT1 (low falling
tone), the first syllable undergoes lexical tone dissimilation, changing from a falling tone to a
rising tone, while the second syllable remains falling. However, when a question tune is present,
the second syllable’s falling tendency is reduced; this means that it does not fall as sharply as
it would with a statement tune due to the high boundary tone of the question. The interaction
between the higher register of the question tune and the boundary tone causes the second

syllable not to fall as much, thus lifting the entire tone’s disyllabic contour upwards.
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In question tunes, both TIT1 and T2T2 have faster-rising first syllables T4T4 show a slight
rise due to the influence of the high boundary tone and the overall higher register of the question
tune. As for the second syllable, T1T1’s second syllable remained a slightly falling tone, which
was incongruent with the rising contour of the question tune. By contrast, T2T2’s second
syllable, being a fast-rising tone, aligned well with the rising contour of the question, while
T4T4’s slight rise in the second syllable made it almost congruent with the question tune
contour. The d’ score results suggest that the final syllable in GuanM is a crucial cue for
perception. T1T1’s incongruent final syllable produced the highest d” scores across both pairs,
regardless of whether the first sound was a statement or a question, indicating a stronger ability
to distinguish between question and statement tunes compared to T4T4 and T2T2, which had
the lowest d’ scores when the first sound was a question. These findings are consistent with
previous research on Mandarin, in which T2 (a rising tone) is known to be more challenging to
identify, while T4 (a falling tone) is generally easier to identify. A further analysis of the d’
score results revealed that the scores were significantly lower for the QQ_QS pair than for the
SS SQ pair for both T2T2 and T4T4, with the difference for T2T2 being greater; this suggests
that the participants had difficulty differentiating between question and statement tunes when
the first sound that they heard was a rising tone or a high-level tone in question intonation, with

the rising tone causing more perceptual difficulty.

Regarding accuracy and RTs, TI1Tl consistently exhibited strong performance. The
participants had higher accuracy, even in slower response conditions such as the QQ sequence,
suggesting that they took more time to ensure precision. Nonetheless, the accuracy dropped in
quicker response situations such as the SQ sequence, indicating a clear trade-off between RTs
and accuracy. On the contrary, T2T2 showed slower RTs and less accuracy, particularly in the

QS sequence for which accuracy fell to 50.8%, reflecting a struggle to process this tone when
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the first sound was a question. The results were mixed for T4T4. The participants responded
well when the tune matched, as in the SS and QQ sequences, but had difficulties in the QS
sequence, for which the accuracy decreased significantly. The longer RTs that were observed
for T4T4 imply that the participants needed more time to process this tone, although it was not

as challenging as T2T2.

When examining the AX Sequence, the results show that the participants performed better
when both sounds had matching intonations. The SS sequence was marked by high accuracy
and relatively fast responses, meaning it is less difficult to process. By contrast, the QQ
sequence had slower RTs but higher accuracy, suggesting that the participants took extra time
to ensure accuracy, particularly with TIT1 and T4T4. However, performances generally
declined when the intonations of the two sounds differed. There was a clear speed-accuracy
trade-off in the SQ sequence, particularly for TIT1 and T2T2, as faster responses were
associated with less accuracy. The QS sequence proved to be the most difficult, as it was
characterised by both slower RTs and less accuracy. This was particularly true for T2T2, as the
accuracy dropped to 50.8%, and for T4T4, which had an accuracy of 57.7%, reflecting the

difficulty of processing a question followed by a statement.

These findings further confirm that tune information interacts with tone information during
perception. When the two sounds had different tunes, the participants found it difficult to
separate the tune and the tone. Perception became more difficult when the tone contour aligned
with the tune contour, as in T2T2, but the task was easier when the contours did not align, as
in T1T1. The relatively lower accuracy for T4T4 in the QS sequence could be attributed to the
higher register of the question tune, which may have made it more difficult for the participants

to identify the intonation. This potentially suggests that the higher register could also serve as
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a cue for the perception of a question tune in GuanM. As Gussenhoven and Chen (2000) argued,
listeners tend to associate high pitch and rising contours with questions, which might

complicate tone perception in certain contexts.

In addition, the increased RTs noted in the QQ and QS sequences suggest that the task of storing,
retrieving, and comparing a question tune with a following tune demands considerable
cognitive effort and memory processing, resulting in delayed responses. In comparison, the
RTs were quicker in the SS and SQ sequences, where the initial sound was a declaration. This
could be attributed to the statement tune functioning as a default, thus requiring less cognitive

effort to remember, access, and contrast with the subsequent tune.

In summary, when a question tune is first triggered and held in short-term memory, it is very
challenging to retrieve and align it with the subsequent statement or question. This difficulty
arises from the need to retrieve additional information about the question tune, including its
contour and register. The relationship between lexical tone and tune shape is crucial in this
process. When the tone contour does not match the tune contour, as in T1T1, perception
remains very straightforward. However, when the shapes match, as seen in the case of T2T2,

the perceptual and cognitive demands increase, which leads to longer RTs and lower accuracy.

5.5 Conclusion

In conclusion, this pilot study explored the perception of yes-no question tunes in GuanM by
focusing on the interaction between tune and tone using the AX paradigm. The findings
revealed two key points: First, the final syllable plays a critical role in intonational perception.
Second, the study demonstrated the complex interaction between tone and tune during

perception, particularly regarding contour shape, thus showing that tone-dependent factors
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significantly influence how question and statement tunes are processed. This is where the

distinction of perception between question and statement tunes becomes most obvious.

The results revealed that the participants were better able to distinguish between tunes when
the tone contour of the final syllable did not align with the tune contour, as seen in TITI,
leading to higher accuracy and faster RTs. Conversely, perception became more challenging
when the tone contour aligned with the tune contour, as in T2T2, resulting in slower RTs and
reduced accuracy. In addition, the findings suggest that the higher register of a question tune
adds another layer of difficulty, particularly for tones such as T4T4, which are less congruent
with rising contours. The observed patterns of longer RTs in question sequences and speed-
accuracy trade-offs emphasise the cognitive effort that is required to process mismatched tunes,
particularly when a question tune is presented first. The findings also suggest that the storage
and retrieval of question tunes require greater working memory load and cognitive processing
due to the higher register and high boundary tone associated with question intonation, whereas

the statement tune acts as a default.

Despite the initial intention of using the AX task to reduce cognitive load, its limitations should
be acknowledged. The task may introduce bias, as the participants may only select “different”
when they are highly confident about their judgements, potentially skewing the results because
responses may be heavily influenced by a subjective phoneme-based criterion, leading
participants to rely on a decision that falls near one extreme of the “same” versus “different”

scale, thus affecting the overall interpretation of the data (Gerrits & Schouten, 2004).
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Chapter 6 Planning of Tunes in Guanzhong Mandarin

The previous chapters examined both the production of intonational tunes and the perception
of tunes in GuanM. The findings confirmed that during perception, tone and tune interact, with
the nature of the interaction depending on whether the contour shapes of tone and tune are
congruent or incongruent. This chapter describes an investigation of the planning of tunes using
the picture-word interference (PWI) paradigm from a psycholinguistic perspective. This pilot
study aims to explore how tunes, particularly the question tune, are planned during production
in GuanM while audio distractors, either semantic or phonological, are introduced at three
different stimulus onset asynchronies (SOAs). The chapter opens with a literature review of
spoken language planning and intonation planning. Following this, the experimental method
using the PWI paradigm is discussed in detail, including participant criteria, experimental
procedure, and methods used for the statistical analysis. Results are then presented, focusing
on tune effects and tone interaction during the planning stage. It concludes with an
interpretation of the findings, which suggest that tune planning occurs at a very early stage in

production, as well as a discussion of the study’s limitations.

6.1.1 Word-level Planning

This section primarily addresses processing below the sentence level. Since the interaction of
tone and intonation is highly complex and lexical tones carry both phonological and semantic-
lexical information, it is essential to first examine how lexical tone is represented and processed

during spoken word planning before investigating how tunes are planned at the sentence level.

First, tone is actively planned during speech production. Early speech-error studies in Mandarin

and Thai reported tonal errors that closely mirror segmental errors in both form and distribution,
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including anticipation, perseveration and exchange effects (Wan & Jaeger, 1998). More
recently, large-scale corpus analyses of Cantonese conversational speech have shown that tonal
errors are not only frequent but also predominantly contextual, which is more like consonant
and vowel errors than like stress errors in English, indicating that tone is selected during
phonological encoding rather than being assigned automatically at a later stage (Alderete et al.,

2019).

However, there has been ongoing debate over whether tone is encoded early or late in the
speech-planning process. Early-encoding accounts propose that tone is stored as part of a
word’s phonological representation and selected alongside segments. Wan (2007) analysed
thousands of Mandarin speech errors and found that tone errors occur just as freely as
segmental errors and are strongly influenced by neighbouring syllables, suggesting that tones
are lexically specified and organised within the phonological system. In related work, Wan and
Jaeger (1998) demonstrated that tone can be separated from segmental content in speech errors,

further supporting its status as an independent representational unit.

In contrast, late-encoding accounts argue that tone functions more like metrical stress, being
mapped onto prosodic frames rather than actively selected during lexical encoding. J.-Y. Chen
(1999), for example, claimed that genuine tone errors are rare and that many apparent tonal
slips are better explained as cases of lexical substitution. However, this position has been
challenged by later work using larger and more naturalistic datasets, such as Alderete et
al.(2019) who showed that tone errors are neither marginal nor accidental, but instead reflect

systematic planning processes.
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Experimental findings provide further explanations about how tone is planned. O’Seaghdha et
al. (2010) found that Mandarin speakers benefit from advance knowledge of the first syllable,
but not from knowledge of individual segments, suggesting that the syllable serves as a primary
planning unit. Crucially, because tone is obligatorily associated with the syllable in Mandarin,
this implies that tonal planning is tightly integrated with syllabic planning. Similarly, Wong
and Chen (2008) used picture-word interference experiments in Cantonese and found
facilitation effects when targets and distractors share both syllable and tone, demonstrating that

tone plays a direct role in phonological encoding.

Computational modelling additionally supports the view of tones directly related to
phonological encoding. Extensions of the WEAVER++ model to Mandarin suggest that,
although languages differ in their basic phonological units, the core mechanisms of speech
production remain broadly consistent. In Mandarin, atonal syllables are retrieved first and then
associated with tonal frames, allowing tone to be integrated into phonological planning rather
than relegated to phonetic implementation (Roelofs, 2015). While tone interacts with syllables
and segments differently from how stress functions in English, the evidence strongly suggests

that tone is a central component of phonological encoding in tonal languages.

6.1.2 Sentence Planning

Spoken language production requires the coordination of multiple cognitive stages, including
conceptual activation, lexical retrieval, and phonological encoding. Central to this question are
the discussions about serial and interactive models of lexical access, that is, whether semantic
processing must be fully completed before phonological encoding begins, or whether these
processes overlap and interact to some degree. The serial models propose a strictly sequential,

two-stage process. The traditional explanation for the serial model was suggested by Levelt
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(1992). In this two-phase model, speakers initially obtained a word’s lemma that included its
semantic and syntactic characteristics, and then the lexeme, which held the phonological
representation. These phases were regarded as modular and lacking interaction. Supporting this
view, Schriefers et al. (1990) found non-overlapping time windows between semantic and
phonological effects using the PWI paradigm: semantic interference occurred when distractors
were presented early (SOA = -150 ms), whereas phonologically related distractors speeded

naming at later SOAs (0 ms or 150 ms).

Challenging the strict modularity assumed by serial models, several studies have provided
evidence for cascade models that allow for continuous information flow between processing
levels. For example, Humphreys et al. (1988) initiated a cascade model that had a fluid flow of
information between levels of representation by showing that visual and semantic similarity
influenced naming latencies in an overlapping manner in picture identification tasks. Damian
and Martin (1999) found that semantic interference was reduced or eliminated when distractor
words were also phonologically related to the target. Such results contradicted the additive
predictions of serial models but supported the idea of bidirectional activation between semantic
and phonological levels. Similarly, Morsella and Miozzo (2002) demonstrated that multiple
lexical candidates could become phonologically activated. This result is incompatible with
serial models, which predict that only selected words should influence phonological encoding.
The phonological information from unselected words could influence naming by using a
picture-picture interference paradigm, in which naming was faster when target pictures (e.g.,
“bed”) were paired with phonologically related distractors (e.g., “bell”), than compared to

unrelated distractors.
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Schnur et al. (2006) advocated for non-modular models of speech production and extended the
discussion of phonological planning by testing whether phonological encoding was confined
to a single word at a time (a hypothesis known as radical incrementality). Their experiments
showed that participants started speech faster when a phonologically related distractor matched
a verb later in the sentence, even if that verb occurred as the second or third phonological word,
suggesting phonological planning extended across multiple words and was not strictly limited
by phrase boundaries. Wheeldon and Lahiri (2002) examined the minimal unit of phonological
encoding in Dutch by comparing production latencies for compounds (e.g., “ooglid” meaning
“eyelid”), adjective-noun phrases (e.g., “oud lid” meaning “old member”), and
morphologically simple words. They found that compounds patterned with morphologically
simple words rather than with adjective-noun phrases in terms of latencies, suggesting that the
minimal unit of phonological encoding was the phonological word at the phrasal level, not at
the lexical level and the internal prosodic structure of compounds did not affect phonological
encoding for speech production. The timing of interference effects has also influenced this
debate. Glaser and Diingelhoff (1984) used variable SOAs to show that semantic interference
could persist even with late distractor presentation, undermining strict sequential models.
Damian and Bowers (2003) added that semantic interference occurs only with word distractors,
not pictures, suggesting that the competition arises at the lexical level rather than the conceptual

level.

6.1.3 Tune Planning

Tune planning concerns how and when the prosodic features of speech are organised.
Incremental and linear models (e.g., Levelt et al., 1999) propose a more modular, incrementally
constructed process, in which phonological encoding (including word stress and syllabification)

precedes the higher-level prosodic structures. In contrast, the early stage model (e.g., Keating

209



& Shattuck-Hufnagel, 2002) challenges this sequence by reasserting the primacy of prosody,
proposing a “prosody-first” approach in which higher-level intonational and rhythmic
structures are planned early and guide the insertion of segments. In short, the process begins
with building a prosodic frame and then inserting segments. Lahiri (2009) investigated the
planning of intonation tunes in speech production, using the PWI paradigm to determine when
and how abstract intonational contours were accessed and realised. She found evidence for
early retrieval of tunes, facilitating naming latencies when the intonational contour of an
auditory distractor matched the intended intonation, and a later-stage effect during
phonological encoding where intonation matching reduced production errors. Therefore, she
proposed that intonational planning operated independently of lexical-semantic and
phonological retrieval processes, supporting the hypothesis of an autonomous intonation

lexicon.

6.2 Research Questions

While Lahiri (2009) focused on English, a non-tonal language, the current study extends this
line of research to a tonal language, where lexical tones carry both phonological and semantic
properties. Rather than analysing the prosodic features of responses, the current study uses the
same experimental paradigm (PWI) as Lahiri (2009), exploring whether the abstract
representation of tunes observed in English also holds in tonal systems, or whether the
integration of tone and lexical meaning in such languages leads to different patterns of planning

and interference.

This study addresses two key questions:

1. To what extent is a tune an independent entity in the mental lexicon?
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2. Given that a single word can function as an intonational phrase, how does a tune aligned
with a word interact with its phonological (segmental and tonal) and semantic

information?

6.3 Methods

6.3.1 Participants

Sixty participants from Xi’an, China, took part in this study, with 20 participants in each SOA
group. All participants were native speakers of GuanM, maintaining daily usage, and none
reported any hearing or speaking disorders. Informed consent was obtained from all

participants before the experiment began.

6.3.2 Stimuli

The experimental materials consisted of 18 degraded line drawings, with nine corresponding
to T1T1 disyllabic words and nine to T2T2 disyllabic words. In addition, 18 pictures with solid
lines were used as fillers. Each picture was paired with one of four types of auditory distractors:
semantically related, phonologically related, semantically unrelated, or phonologically

unrelated. These distractors were presented in both declarative and interrogative intonations.

For the selections of the distractors, to ensure the semantic relatedness of the distractors, 72
native speakers of GuanM participated in an online questionnaire using a Likert scale to rate
the semantic closeness between the stimuli and their semantically related distractors on a scale
from 1 (least close) to 7 (extremely close). The reliability of the closeness was confirmed
through the use of Cronbach’s Alpha, which granted a high consistency score of 0.96. Notably,
the alpha value remained stable at 0.96 even when any individual stimulus was omitted from

the analysis, indicating that no single stimulus significantly affected the overall reliability,
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which emphasises the semantic closeness of the chosen stimuli. However, the selection of tone
combinations for these semantic distractors was not controlled. As for the phonological
distractors, phonologically related ones shared the initial phoneme and its tone but differed in
orthographic representation. In the case of TIT1 tone combinations in experimental pictures,
where a dissimilation rule changes the surface form of the first T1 Low tone to a rising tone in
production, the phonologically related distractors have the same segments but not the same
surface form within the first syllable. Instead, they consist of the same segments with the
underlying falling tone. For T2T2 experimental pictures, it was ensured that the second tone
was distinct from T2 and differed from the first tone. For unrelated distractors, they shared
neither semantic nor phonological relationships with the experimental pictures, nor were the
tones of these distractors controlled. The complete lists of the stimuli used in this study are

presented Table 6.1 for the experimental pictures and Table 6.2 for filler pictures.

Table 6.1 Experimental picture names used in the study with their audio distractors

Picture name Phonological Semantic
Related Unrelated Related Unrelated
B KA 44 WA HhBR
131son31 131ts"u24 nivu24ne52 pin55zen24 ti5S5tehiyu24
‘doctor’ ‘closet’ ‘milk’ ‘patient’ ‘earth’
e A gy ey FE
cian31teiau3l cian31tan52 teian55phan24 X¥u24tsi syu52piau52
‘banana’ ‘villager’ ‘keyboard’ ‘monkey’ ‘watch’
PEIR M R UE S F il
ci3lkua3l ci31fan55 lyu24thi31 fei52kuy52 nia24fa31
‘watermelon’ ‘porridge’ ‘stairs’ “fruit’ ‘toothbrush’
KT Frfz PR TR Wi
tehiyu3 Itehian31 tehiyu311in24 ktuae55ti55 xua24thi31 kra31fi31
‘swing’ ‘hill’ ‘delivery’ ‘slide’ ‘coffee’
LAILYS 2 T [’ -5 AR
tsi31tsu3l tsi3 Ima24 lin52taus2 van52tsi52 teieS55tsi52
‘spider’ ‘sesame’ ‘leader’ ‘net’ ‘ring’
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KL Y/ 7K Fi Bt AR
fi31tei31 fi3 1phien24 teiyuS2feis2 xan24pan31 pau55tsiS2
‘airplane’ ‘mistress’ ‘beverage’ ‘airline’ ‘newspaper’

T EPIN Hes e} LHkE

tehin31ua3l tehin31fei52 fuS5ey¥24 kPux31tyus2 nau55tson31

‘frog’ ‘clear water’ ‘math’ ‘tadpole’ ‘alarm’

ke Fk i bt A Bt

fon31tshy31 fon31syu3l tsiS5tian52 uan24teyS5 san52¢i31
"pinwheel’ ‘harvest’ ‘dictionary’ ‘toy’ ‘Shaanxi’
51 J Tt i3 +\ 4D)
u3lkuei3l u31tin52 phon24iyus2 uan24 pa3l tehian24pau31
‘tortoise’ ‘roof’ ‘“friend’ ‘tortoise’ ‘wallet’
= A Kk URA T3
cy¥24¢i24 cye24ueids miS2fan55 ktux55pensS2 tei31tan55
‘study’ ‘acupoint’ ‘rice’ ‘textbook’ ‘egg’
e (ese R e o
lun24tshan24 lun241i52 ¢i31kuan52 xa&52ian24 cin24li52
‘ship’ ‘ethics’ ‘straw’ ‘sea’ ‘luggage’
4F itk W3 kY| (7578
mian24ian24 mian24pi55 pan52tonS5 tuanS5vuss pau52pnan3|1
‘sheep’ ‘quilt’ ‘stool’ ‘animal’ ‘security’
EEUN EZ7) Wk PE %<
nan24zen24 nan24kua3l sa31fa3l ein55pie24 luan52te"i55
‘man’ ‘pumpkin’ ‘sofa’ ‘gender’ ‘heating’
WA FEFT A R TRk
lan24mei24 lan24kan52 pian31phtausS5  kuy52teianS5 yu24¢iss
‘blueberry’ ‘railing’ ‘firecracker’ ‘jam’ ‘game’
Bk e 2R =eE 3 R=
lan24tehiyu24 lan24sei31 155fus5 piS2sa&55 thian3 1k"uon31
‘basketball’ ‘blue’ ‘art’ ‘competition’ ‘sky’
b 7K IRiE S =
xu24tie24 xu24fei52 lan55mann55 xua31ltuxy52 tshen31van52
‘butterfly’ ‘lake’ ‘romance’ ‘flower’ ‘spring gala’
SEUN x )& JER AR 2E
mau24ly24 mau24tuen55 ma24 iou24 nuan24xux24 kan31pi3l
‘donkey’ ‘conflict’ ‘sesame oil’ ‘farming’ ‘pen’
% Ep T 2 WA
phu24thau24 phu24sa52 ly52iyu24 tsi52sei3 1 kuon31teiau3l
‘grapes’ ‘servant’ ‘travel’ ‘purple’ ‘bus’

213



Table 6.2  Picture names of control group used in the study with their audio distractors

Picture name Phonological Semantic
Related Unrelated Related Unrelated
HL i Ji 53 ez BT F il
tian55nau52 tian55yan24 fuS5cy¥24 fu52piau3l nia24fa31
‘computer’ ‘clerk’ ‘math’ ‘mouse’ ‘toothbrush’
a7 ez PN U e
152ts152 152tein31 thian3 1k"uon31 tsuy31tsi pan52tonS5
‘chair’ ‘already’ ‘sky’ ‘desk’ ‘stool’

Wiz ] Kk Jea T3
pau55yenS5 pau55men24 miS2fan55 pei3ltein31 tei31tanS5
‘Olympics’ ‘Macao’ ‘rice’ ‘Beijing’ ‘egg’

P i FEh ToH F&
ton31luon24 ton31kau31 lyu24thi31 yan24¢iau31 syu52piau52

‘lantern’ ‘climb high’ ‘stairs’ ‘Lantern ‘watch’
Festival’
FHL HAH T s 44
syus2tei31 syusS2¢ian55 ly52iyu24 vi24gien55 niyu24nae52
‘phone’ ‘prime minister’ ‘travel’ ‘Wechat’ ‘milk’

P 10 JBEi%: FaV/S K PRz
muy24ku31 muy24fa3l 155fuss tehin31tshaesS khuae55ti55
‘mushroom’ ‘magic’ ‘art’ ‘cabbage’ ‘delivery’

i e AN T fs e NAE

la31tsu31 la31teiau31 lin52taus2 thin24tian55 kuon31teiau3l
‘candle’ ‘pepper’ ‘leader’ ‘black-out’ ‘bus’
ikt FE4# ] B =W Wi
thuy31xe24 thux31phan24 nau55tson31 si31luei24 kra31fi31
‘slippers’ ‘tray’ ‘alarm’ ‘indoors’ ‘coffee’
4 e WK & Bt
y52san52 y52nian24 teiyu52feis2 tsy31tie24 san52¢i31
‘umbrella’ ‘language’ ‘beverage’ ‘folding’ ‘Shaanxi’

H5 [5) 35¢ i ERE 03

ye31lian55 ye31tu24 tsiS5tian52 ein3lein3l pPon24iyus2
‘moon’ ‘read’ ‘dictionary’ ‘star’ ‘“friend’

ML i H 4 HCPaY MR

cianS5tei3l cianS5mu3l tehian24pau3l  tsauS55phianS5 ¢i31kuan52
‘camera’ ‘programme’ ‘wallet’ ‘photo’ ‘straw’

E 0 IR F3E <
tehi55tsMy31 te"i55ny¥31 tshen31van52 san55pan31 luan52tehiS5

‘car’ ‘contract’ ‘spring gala’ ‘go to work’ ‘heating’
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877] i H. ipse TA Hhxk
teian52tau3|1 teian52tan31 yu24¢iss kuon31tey55 ti5S5tehiyu24
‘scissors’ ‘simplicity’ ‘game’ ‘tool’ ‘earth’
HAHL RS2 (7578 W K s
o52tei31 -52x&52 pau52pan31 thin31ky31 teian55phan24
‘earphones’ ‘Erhai’ ‘security’ ‘listen to music’ ‘keyboard’
Z wEA IRiE T SRR
lau52fu52 lau52ie24 lan55mann55 xau55tsi52 ma24 iou24
‘rat’ ‘grandpa’ ‘romance’ ‘rat’ ‘sesame oil’
Fs5e it Ak s o
luy31thuy24 lux31ie31 pau55tsi52 sa31mei31 cin24li52
‘camel’ ‘fallen leaves’ ‘newspaper’ ‘desert’ ‘luggage’
Eigis K HEH 4 H Wk
tan55kau31 tan55feis52 pian31phraus5 son31i31 sa31fa3l
‘cake’ ‘fresh water’ ‘firecracker’ ‘birthday’ ‘sofa’
K PR pE CLES i HAH
xuy52tshy31 xuy52pan55 kan31pi3l ly52iyu24 teieS55tsi52
‘train’ ‘partner’ ‘pen’ ‘travel’ ‘ring’

The auditory distractors were recorded by a 30-year-old female native speaker of GuanM from

the same region where the study was conducted, at a frequency of 44.1 kHz, using the software

Audacity. The experiment had 288 trials in total (18 degraded line drawings and 18 solid line

pictures, each paired with two distractor intonations, two distractor types, and two distractor

relatedness conditions), which were divided into eight blocks, with no repetition of pictures

within the same block. Distractors were presented at three different SOAs: -300 ms (before

picture onset), 0 ms (simultaneously with picture onset), and 300 ms (after picture onset).

Participants were randomly assigned to one of the SOA groups.

Two examples of experimental items including T1T1 [¢i31kua31] ‘P4 /K, watermelon’ and

T2T2 [lan24 tehivu24] & EK, basketball’, along with their respective distractor conditions are

presented in Figure 6.1 and Figure 6.2. All experimental pictures were presented with degraded
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lines to elicit a question intonation, while distractors were presented at the three different SOAs

relative to picture onset.

Distractors with their pitch contours of interrogative
(degraded) and declarative productions (solid)

i Semantic-related
T1T1 experimental picture . P
[613 1kua3 1] “Watermelon” \/_\ [f6152kur52] frult

- Semantic-unrelated

'/\ [nia24fa31] “toothbrush”

. Phonological-related
" [ei31fan55] “porridge”

1L

-300ms Oms 300ms

Phonological-unrelated
SOAs of presentation of distractors /\/ [Lyu24thi31] “stair”

Figure 6.1 Example of one TI1T1 experimental picture with its four types of distractors with

both intonations

Distractors with their pitch contours of interrogative
(degraded) and declarative productions (solid)

T2T2 experimental picture Semantic-related

[lan24tehixu24] “basketball” [pi52s55] “competition

Semantic-unrelated
[thian3 1khuan31] “sky”

. Phonological-related

‘[ ] ‘[ i [lan24sei31] “blue”

-300ms Oms 300ms

Phonological-unrelated

SOAs of presentation of distractors [i55fu55] “art”
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Figure 6.2 Example of one T2T2 experimental picture with its four types of distractors with

both intonations

6.3.3 Procedure

The experiment, programmed using PsychoPy (Peirce et al., 2019), was conducted in a quiet
room in a local community centre. Each trial began with a 500 ms fixation cross, followed by
a picture displayed for 1500 ms. During this time, distractor audio was played through
headphones at one of three experimental SOAs (-300 ms, 0 ms, or 300 ms). Participants had
3000 ms to respond after each picture’s onset. They were instructed to name the pictures with
degraded lines using an interrogative intonation and those with solid lines (fillers) using a
declarative intonation, as quickly and accurately as possible while ignoring the auditory
distractors. Before the main experiment, participants familiarised themselves with all the
pictures and had 10 practice trials with different images. Responses were recorded using the
built-in microphone of a Lenovo laptop, starting at the onset of each picture display. A 500 ms
fixation cross (+) was inserted between trials. The experimental procedure for an example trial
is shown in Figure 6.3. The entire experiment took approximately one hour to complete.
Participants were allowed to take breaks between eight blocks (if desired) and were

compensated for their time.
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SOA=-300ms

500ms fixation

+

& distractor 300ms SOA

3000ms or
until responses

500ms ISI

Trials

Figure 6.3 Illustration of the temporal sequence of experimental pictures at SOA -300 ms

6.3.4 Statistical Analyses

The audio responses were recorded and saved as individual files, capturing the period from the
onset of the pictures to the presentation to the next trial. Reaction times (RTs) were measured
from the onset of the picture display to the onset of the oral response given by the participant,
using Chronset (Roux et al., 2017), a tool developed for automatic speech onset detection.
These RT measurements were then manually corrected by a trained phonetician in Praat (Paul
Boersma & Weenink, 2023). Responses were only coded as correct if both the correct picture

name and the correct tune were produced.

Statistical analyses of the RTs were conducted using the linear mixed-effects models fitted in
R (R Core Team, 2024) using the ImerTest package (Kuznetsova et al., 2017). The dependent
variable was RT, with fixed effects that varied according to the level of analysis. The test began
with broad analyses examining the overall effect of Distractor Intonation (interrogative vs.
declarative) on picture naming, then progressively narrowed the focus to examine tone-specific
effects (TIT1 vs. T2T2), SOA-specific effects (-300 ms, 0 ms, 300 ms), and finally the

interactions between Distractor Type (phonological vs. semantic), and Relatedness (related vs.
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unrelated) separately for both Distractor Intonation across each SOA within each Tone. All
models included random effects for Participant and Item. Post-hoc comparisons of significant
interactions were conducted using the emmeans package in R (Lenth, 2024) for pairwise
comparisons with Tukey’s correction. The RT model for the interrogative tune, fitted
separately for each SOA within each Tone, was specified in R as follows:

Model RT <- Imer(RT ~ Distractor Type * Distractor Relatedness + (1 | Participant) + (1 |

Item), data = Interrogative Tune)

For accuracy data, the generalised mixed-effects models with the same structure as the RT
analyses were applied. All effects were considered statistically significant at p < .05, with

marginal significance noted for p-values between .05 and .1.

6.4 Results

Due to a technical issue during data collection, one participant’s block of 36 trials at SOA 300
ms was not saved, reducing the dataset to 17,244 data points across three SOAs. Before
proceeding with the statistical analyses, outliers were removed by excluding RTs that were
more than +3 standard deviations from each participant’s mean RT within each block, which
led to the exclusion of 1.54% of the data (265 trials). This resulted in 16,979 valid responses,
of which 8,497 were responses to filler items and 8,482 were to experimental pictures, with

4,225 from T1T1 and 4,257 from T2T2.

6.4.1 Fillers
The analysis began with an examination of accuracy and RTs for the filler trials in which
participants were instructed to name pictures using a declarative tune, with audio distractors

played in both interrogative and declarative tunes. This process aimed to create a baseline for
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the more complicated experimental trials related to tone. Since the tone combinations for the
filler images were not controlled, only the accuracy and RTs concerning Distractor Intonation

across three SOAs were examined.

6.4.1.1 Accuracy

Overall, accuracy remained consistently high, exceeding 96% across all three SOAs. Statistical
analysis revealed no significant main effect of Distractor Intonation on accuracy across the
SOAs (all ps >.05). Detailed accuracy rates by Distractor Intonation at each SOA are presented

in Table 6.3.

Table 6.3  Accuracy of fillers by the Distractor Intonation at three SOAs

SOA Distractor Intonation N Mean (SD)
Declarative 1416 0.96 (0.20)

-300
ms Interrogative 1419 0.96 (0.19)
0 ms Declarative 1420 0.98 (0.15)
Interrogative 1421 0.98 (0.15)
300 ms Declarative 1411 0.97 (0.17)

Interrogative 1410 0.97 (0.18)

6.4.1.2 RTs

No significant main effect of Distractor Intonation on RTs was found (y3(1) = .08, p = .778),
meaning that RTs did not significantly differ based on whether the distractor tunes were
declarative (mean = 920.37 ms) or interrogative (mean = 919.51 ms) when naming pictures in
a declarative tune. This consistency in RTs, regardless of Distractor Intonation, held across all
SOAs (all ps > .05). Refer to Table 6.4 for the RTs by Distractor Intonation across the three
SOAs, suggesting that the declarative tune may serve as a default form. When producing a
declarative tune, RTs were not significantly impacted by whether the distractors had a

declarative or interrogative tune.
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Table 6.4 RTs of fillers by the Distractor Intonation at three SOAs

SOA Distractor Intonation N Mean (SD)
Declarative 1359 894.87 (205.37)
-300 ms .

Interrogative 1367 891.82 (211.65)
0 Declarative 1389 944.54 (211.70)

ms
Interrogative 1389 944.13 (229.73)
Declarative 1370 921.16 (268.88)

300 ms

Interrogative 1364 922.18 (264.08)

6.4.2 Experimental Pictures

6.4.2.1 Accuracy

The main effect of Distractor Intonation was not significant (y%(1) = 0.04, p = .838). Accuracy
was high across both tunes, with 96.4% for declarative tune distractors and 96.5% for
interrogative tune distractors. When examined across the three SOAs for both tones, the main
effect of Distractor Intonation on accuracy was consistently non-significant (all ps > .05). This
result indicates that both declarative and interrogative tune distractors produced similarly high
accuracy. See Table 5.4 for detailed accuracy rates by Distractor Intonation and tone across the

three SOAs.

Table 6.5 Accuracy of experimental pictures by the Distractor Intonation at three SOAs for

T1T1 and T2T2

SOA Distractor Intonation TITI T2T2
N Mean (SD) N Mean (SD)
-300 ms Declarative 708 0.97(0.17) 713 0.95(0.23)
Interrogative 698 0.97 (0.18) 708 0.95(0.21)
0 ms Declarative 704 0.98 (0.14) 717 0.96 (0.19)
Interrogative 711 0.98 (0.15) 707 0.96 (0.18)
300 ms Declarative 701 0.97 (0.16) 706 0.95(0.21)

Interrogative 703 0.97 (0.17) 706 0.96 (0.20)
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The analysis of accuracy was further divided between T1T1 and T2T2 to examine the effects
of Distractor Type and Relatedness on each Distractor Intonation separated by tones, given that
T1 (low tone) and T2 (rising tone) have distinct tone contour shapes. For TIT1 (see Table 6.6),
the statistical results indicated that the main effects of Distractor Type, Relatedness, and their
interaction were not significant across both tunes and all three SOAs (all ps > .05). Accuracy

remained consistently high, exceeding 95% across all conditions.

Table 6.6  Accuracy for TI1T1 across three SOAs by Distractor Intonation and

Distractor Type
Distractor Distractor Relatedness SOA -300ms SOA Oms SOA 300 ms
Intonation Type
. Related  0.96 (0.19) 0.99 (0.11)  0.98 (0.15)
Phonological
Beclarat Unrelated  0.97 (0.17) 0.98 (0.15) _ 0.99 (0.11)
arati
celatative Semant Related  0.97 (0.17) 0.97(0.17)  0.97 (0.18)
manti
CMAC T Unrelated 0,98 (0.15) 0.98 (0.13)  0.97 (0.18)
. Related  0.98 (0.13) 0.98(0.15)  0.97 (0.17)
Phonological
S Unrelated  0.97 (0.18) 0.98 (0.15) _ 0.97 (0.18)
nterrogati
errogative Semant Related  0.95(0.22) 0.96 (0.19)  0.96 (0.20)
manti
SIS T Unrelated 0,97 (0.17) 0.99 (0.11) _ 0.98 (0.15)

For T2T2 (see Table 6.7), the main effects of Distractor Type, Relatedness, and their interaction
were not significant across both tunes and all three SOAs (all ps > .05), with the exception of
the declarative tune at SOA 300 ms. At this SOA, the main effect of Distractor Type was
significant (y%2) = 6.01, p =.050), and the interaction between Distractor Type and Relatedness
was also significant (y*(1) = 5.00, p = .025). In addition, the main effect of Relatedness showed
a trend towards significance (y(2) = 5.37, p = .068). Within semantic distractors, related
distractors tended to result in lower accuracy than unrelated distractors (f =-1.17,z=-1.87,p

=.061), suggesting a possible trend towards a semantic interference effect. When comparing
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Distractor Types within each level of Relatedness, phonological-related distractors had

significantly higher accuracy than semantic-related distractors (f = 1.40, z =2.15, p = .032).

Meanwhile, at SOA 300 ms with the interrogative tune, no main effects reached statistical
significance, although the main effect of Relatedness showed a trend towards significance (y%(2)
= 5.09, p = .078), indicating a potential influence of Relatedness on accuracy. Pairwise
comparisons for phonological distractors revealed a significant difference between related and
unrelated items, with phonological-related distractors showing higher accuracy (f = 1.46, z =

2.04, p = .041), suggesting a phonological facilitation effect on accuracy at SOA 300 ms.

Table 6.7 Accuracy for T2T2 across three SOAs by Distractor Intonation and
Distractor Type
Distractor Distractor Relatedness SOA -300ms SOA O0ms SOA 300 ms
Intonation Type
. Related  0.96 (0.19) 0.98 (0.15)  0.97 (0.17)
Phonological
Declara Unrelated 094 (0.23) 0.95(0.22) _ 0.95 (0.22)
arati
celatative Somant Related  0.92(0.28) 0.95(022)  0.93 (0.26)
manti
CMAC T Unrelated 0,96 (0.19) 0.97 (0.18)  0.97 (0.18)
. Related  0.96 (0.19) 0.98 (0.13)  0.98 (0.15)
Phonological
S Unrelated 096 (0.20) 0.97 (0.18) _ 0.94 (0.24)
nterrogati
eTrogative Somant Related  0.93 (0.25) 0.97(0.17) _ 0.97 (0.18)
manti
CMAC T Unrelated 0,96 (0.20) 0.94 (0.24)  0.95 (0.21)
6.4.2.2 RTs

6.4.2.2.1 Tune Effect

Before investigating the interaction between tone and tune in tune planning, the overall effect
of Tune was examined by aggregating all distractors that differed only in intonation. The effect
for Distractor Intonation was significant (y(1) = 11, p < .001). RTs for distractors with an

interrogative tune (mean = 946.61 ms) were significantly faster than those with a declarative
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tune (mean = 958.99 ms), suggesting a facilitative effect of interrogative intonation on

cognitive processing.

Divided into different tone groups, the effect of Distractor Intonation was also significant
within T1T1 (y(1) = 5.46, p = .019) and T2T2 (y%(1) = 5.74, p = .017). In T1T1, the mean RT
in the presence of a declarative tune distractor was 969.21 ms, while the mean RT with an
interrogative tune distractor was 956.77 ms. The interrogative tune significantly reduced RTs
by 12.44 ms. Similarly, in T2T2, RTs for distractors with an interrogative intonation (mean =
936.36 ms) were significantly shorter by 12.29 ms than ones with a declarative intonation
(mean = 948.65 ms), confirming the pattern of faster responses with interrogative intonations

across both groups during the production of the interrogative tune.

Breaking down the data across the three SOAs, RTs were consistently faster for interrogative
tune distractors compared to declarative ones (see Table 6.8), suggesting a facilitative effect
when the intonational tune of the distractor matched the intended question tune production.
This effect reached statistical significance at SOA 0 ms (y%(1) = 8.75, p = .003), where
interrogative distractors led to a reduction of 19.91 ms in RTs. At SOA 300 ms, the effect was
also significant (y(1) = 4.34, p = .037), with RTs 14.95 ms shorter for interrogative distractors
than declarative distractors. However, at SOA -300 ms, there was no evidence of a significant

effect (x2(1) = 0.46, p = .500).

Table 6.8 RTs of experimental pictures by the Distractor Intonation at three SOAs

SOA Distractor N Mean (SD)
Intonation

Declarative 1322 930.06 (214.26)

Interrogative 1312 925.55 (217.85)

-300 ms
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Declarative

1340

982.94 (218.45)

Interrogative

1338

963.59 (213.93)

Declarative

300 ms

1316

963.66 (283.69)

Interrogative

1321

950.33 (269.57)

Furthermore, the faster RTs with a distractor in an interrogative tune was observed across both
T1T1 and T2T2 tone groups, though the degree of facilitation effect varied by Tone and SOA.
At SOA -300 ms, no significant effects were found in either group (T1T1: y%(1)=0.74, p =.389;
T2T2: y%(1) = 0.02, p = .884). At SOA 0 ms, for T2T2, a significant main effect of Distractor
Intonation was observed (y%(1) = 6.05, p = .014), with interrogative distractors reducing RTs
by 22.63 ms, indicating clear facilitation. For T1T1, the effect at SOA 0 ms only approached
significance (y%(1) = 3.06, p = .080), with a slightly smaller RT reduction of 16.97 ms,
suggesting a possible but weaker facilitative effect. At SOA 300 ms, neither group showed a
statistically significant effect of Distractor Intonation on RTs, although numerical trends were

consistent with the earlier pattern (T1T1: y%(1) = 2.07, p = .151; T2T2: (1) =2.28, p = .131).

See Table 6.9 for the mean RTs by Distractor Intonation for both T1T1 and T2T?2.

Table 6.9 RTs of experimental pictures by Distractor Intonation at three SOAs for

T1T1 and T2T2

SOA Distractor TIT1 T2T2
Intonation N Mean (SD) N Mean (SD)
300 ms Declarative 648 944.92 (224.13) 674 914.92 (202.75)
Interrogative 637 937.41 (221.53) 675 913.68 (213.61)
0 ms Declarative 651 995.96 (225.52) 689 969.91 (210.49)
Interrogative 656 978.18 (224.90) 682 948.74 (201.24)
300 ms Declarative 643 966.62 (288.11) 673 960.66 (279.31)
Interrogative 643 954.14 (274.56) 678 946.51 (264.60)

6.4.2.2.2 Tone Interaction (T1T1)
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Figure 6.4 presents the RTs of T1T1 by Distractor Intonation, Distractor Type, and Relatedness.
At SOA -300 ms, significant effects were found for the declarative tune across all fixed effects.
Specifically, both Distractor Type (y%2) = 15.95, p <.001) and Relatedness (y%(2) = 34.79, p
<.001) showed significant main effects on RTs, along with a significant interaction between
Distractor Type and Relatedness (y%(1) = 8.27, p = .004). For phonological distractors, related
items had significantly longer RTs than unrelated items, indicating a strong phonological
inhibition effect (5 = 102.87, #(656.06) = 5.73, p <.001). Participants tended to respond slower
to related than unrelated semantic distractors (f =29.72, 1(656.11) = 1.65, p = .099), suggesting
a weaker semantic inhibition effect. In addition, RTs for phonological-related distractors were
significantly slower than for semantic-related ones (f = 71.98, #(656.07) = 4.01, p <.001). In
the interrogative tune condition, neither the main effect of Distractor Type (y%2) = 0.76, p
= .683) nor the interaction between Distractor Type and Relatedness (y3(1) = 0.14, p = .707)
was significant. There was a marginally significant main effect of Relatedness (y%(2) =4.97, p
=.083). Further post-hoc testing showed that phonological-related distractors tended to lead to
slower RTs compared to phonological-unrelated distractors (f = 33.96, #(644.22) = 1.82, p
= .009), suggesting a trend towards phonological interference in the interrogative tune

condition.

In the case of the declarative tune at SOA 0 ms, there were no statistically significant main
effects for either Distractor Type (y%(2) = 5.64, p =.060) or Relatedness (y%(2) = 2.88, p =.237),
nor was their interaction significant (y%(1) = 0.69, p = .407). In the interrogative tune condition,
the main effect of Distractor Type was significant (y%2) =8.79, p = .012), while the main effect
of Relatedness was marginally significant (y%(2) = 5.53, p = .063). The interaction between
Distractor Type and Relatedness was significant (y%(1) = 4.99, p = .026). To be specific, RTs

were significantly longer for semantic ones rather than unrelated distractors (f = 40.70,
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#663.11)=2.10, p=.036), suggesting a semantic inhibition effect. When comparing Distractor
Types within each level of Relatedness, semantic-related distractors were found to have
significantly longer RTs than phonological-related distractors (f = -57.39, #663.14) = -2.96, p
= .003), suggesting that semantic-related distractors cause greater interference than

phonological-related ones.

There were significant main effects of both Distractor Type (y%(2) = 14.55, p < .001) and
Relatedness (y%(2) = 19.45, p < .001), for the declarative tune at SOA 300 ms, as well as a
significant interaction between Distractor Type and Relatedness (y(1) = 9.78, p = .002).
Participants took significantly longer to respond to related phonological distractors than to
unrelated distractors (f = 89.99, #(652.11) = 4.43, p <.001), showing a phonological inhibition
effect. When comparing phonological and semantic distractors, pictures with phonological-
related distractors elicited significantly longer RTs than semantic-related distractors (5 = 77.35,
#652.09) = 3.77, p < .001), suggesting a phonological-specific delay in response. No
significant main effect for Distractor Type (y%2) =5.30, p =.071) or Relatedness (y%(2) = 3.34,
p = .189) was found for the interrogative tune at SOA 300 ms, nor was their interaction
significant (y%(1) = 2.49, p = .115) Related items tended to have longer response times than
unrelated items for semantic distractors; however, this difference was not statistically
significant (f = 35.85, #(650.18) = 1.77, p = .078), suggesting a potentially weak semantic
interference effect, and RTs for semantic-related distractors were significantly slower than for

phonological-related distractors (S = -46.48, #(650.15) = -2.30, p = .022).
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Figure 6.4 RTs for T1T1 across SOAs by Distractor Intonation and Distractor Type

6.4.2.2.3 Tone Interaction (T2T2)

For T2T2, (see Figure 6.5), with the declarative tune at SOA -300 ms, there were no significant
effects observed for Distractor Type (y%(2) =1.73, p=.421), Relatedness (y%2) =2.10, p =.350)
or for the interaction between Distractor Type and Relatedness (y(1) = 0.97, p = .325),
suggesting that neither Relatedness nor the combined effect of Distractor Type and Relatedness
influenced RTs when distractors had a declarative tune. For the interrogative tune, significant
main effects were found for both Distractor Type (y(2) = 10.4, p =.006) and Relatedness (y%(2)
= 7.31, p = .026), as well as for their interaction (y*(1) = 5.86, p = .016). Post-hoc pairwise

comparisons further indicated that, for semantic distractors, participants responded
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significantly slower to related items compared to unrelated items (f = 47.95, #(644.19) = 2.57,
p = .010), indicating a semantic interference effect. Furthermore, participants named pictures
in the interrogative tune with phonological-related distractors significantly faster compared to

semantic-related distractors (5 =-59.92, 1#(644.20) = -3.22, p = .001).

For the declarative tune at SOA 0 ms, the same as observed at SOA -300 ms, neither the main
effects nor the interaction between Distractor Type and Relatedness significantly influenced
response times (Distractor Type: y(2) = 0.22, p = .896; Relatedness: y3(2) = 1.08, p = .582;
Distractor Type x Relatedness: y%(1) = 0.18, p = .674). However, for the interrogative tune,
significant main effects and interactions were found in RTs with respect to both Distractor
Type and Relatedness and their interaction (Distractor Type: y%2) = 11.29, p = .004;
Relatedness: y%(2) = 9.04, p = .011; Distractor Type x Relatedness: y%(1) = 7.68, p = .006),
indicating that the influence of Relatedness on response times was moderated by the Distractor
Type. To be specific, RTs with phonologically related distractors were significantly shorter
than phonologically unrelated ones (f = -48.55, #(651.11) = -2.78, p = .006), implying a
phonological facilitation effect. However, for semantic distractors, no significant difference in
RTs was found between related and unrelated distractors (f =20.41, #651.20) = 1.15, p =.250).
Further comparisons between related phonological and semantic distractors showed that
phonological-related distractors led to significantly shorter RTs than semantic-related
distractors (f = -57.63, #(651.12) = -3.31, p = .001), emphasising the phonological facilitative

effect in enhancing response speed relative to semantic distractors.

At SOA 300 ms for the declarative tune, both main effects of Distractor Type (yA(2) =5.77, p
=.056) and Relatedness (y%(2) =5.76, p = .056) showed a trend towards significance. However,

the interaction effect between Distractor Type and Relatedness was significant (y%(1) = 5.48, p
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= .019). RTs for phonological distractors did not significantly differ between related and
unrelated distractors (f = -25.92, #(642.17) = -1.27, p = .206), while for semantic distractors,
related distractors had significantly longer RTs than unrelated ones (5 = 42.30, #642.36) =2.04,
p = .042), suggesting a semantic inhibition effect. For the interrogative tune, similar to the
observations at SOA 0 ms, all main effects and interactions for RTs related to Distractor Type
and Relatedness were significant (Distractor Type: y%2) = 30.58, p <.001; Relatedness: y%2)
=16.04, p < .001; Distractor Type x Relatedness: y%(1) = 14.20, p <.001), indicating that the
effect of Relatedness on RTs depended on the Distractor Type. Phonological distractors
showed a trend where related distractors led to faster RTs than unrelated ones, though this was
not statistically significant (f=-31.72, #(646.08) =-1.69, p = .091), suggesting a potential weak
phonological facilitation effect, while semantic-related distractors had significantly longer RTs
than unrelated items (f = 68.87, 1(646.08) = 3.65, p < .001), indicating semantic interference.
Lastly, phonological-related distractors had significantly faster RTs compared to semantic-

related ones (5 = -104.60, #(646.09) = -5.58, p <.001).
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Figure 6.5 RTs for T2T2 across SOAs by Distractor Intonation and Distractor Type

6.5 Discussion

6.5.1 Tune Effects

The high accuracy of the experimental pictures and filler items validated the reliability of the
study, indicating that the participants understood the tasks and were able to respond
accordingly. Based on this, the observation that declarative tunes yielded no significant
differences in RTs across distractor conditions suggests that the declarative intonation
functions as a default or unmarked prosodic form in GuanM. The declarative tune may be pre-

specified or internally maintained, even in the presence of competing prosodic cues within the

speech planning architecture that require minimal additional processing.
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When participants named pictures using an interrogative tune, the RTs were significantly
shorter when the distractor also had an interrogative tune, compared to when the distractor had
a declarative tune. The planning of the interrogative tune is influenced by the congruence
between the tune of the distractor and the target, with the matching interrogative tune providing
a facilitation effect, even across different SOAs and tones. The consistent facilitation effect
observed when interrogative tunes in the distractor matched the required intonation of the target
proves that tune planning begins early in the production process, likely at the conceptual
message construction stage. Speakers retrieve and commit to an intended tune before lexical
access is complete, supporting psycholinguistic models such as Levelt’s (1989) that include a
prosody generator but extends them by showing that tune selection may precede lemma
retrieval, rather than follow it. Importantly, this effect was observed across all SOAs, including
early onset times, indicating that tune congruence operates during early-stage planning rather
than developing as a late-stage phonetic adjustment. Such earlier tune effect confirmed what

Lahiri’s (2009) discovery about the early planning of the tune.

This study aimed to clarify the role of tone in speech planning, particularly whether it interacts
with semantic, phonological, and intonational information. Therefore, the analysis was
separated by tone group: T1T1, which features a rising-falling surface contour due to tone
dissimilation, and T2T2, which exhibits a rising-rising contour, reflecting a different pitch
configuration. Based on statistically significant findings in the previous section, Table 6.10
summarises semantic and phonological effects based on RT results divided by Tone, SOA and
the Distractor Intonation. In the table, effects marked as “weak” indicate p-values greater

than .05 but less than .10, suggesting a tendency towards significance.
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Table 6.10 Summary of semantic and phonological effects across three SOAs

T1T1 -300 ms 0 ms 300 ms
Tune clashes Phonological Phonological inhibition
(declarative inhibition &
tune) Weak semantic

inhibition
Tune matches Weak phonological Semantic Weak semantic inhibition
(interrogative inhibition inhibition
tune)
T2T2 -300 ms 0 ms 300 ms
Tune clashes Semantic inhibition
(declarative
tune)
Tune matches Semantic inhibition Phonological Weak phonological
(interrogative facilitation facilitation & Semantic
tune) inhibition

The table below (Table 6.11) presents the findings more clearly by using symbols to represent

the types of effects observed in RTs across the TITI and T2T2 tone groups. X indicates
inhibition (i.e., slower RTs), V' represents facilitation (i.e., faster RTs), and - denotes a weak

effect (p-value between .05 and .01, suggesting a tendency towards significance). P stands for

phonological, and S stands for semantic, indicating the type of distractors involved.

Table 6.11 Visual summary of semantic and phonological effects across three SOAs

T1T1 -300 ms 0 ms 300 ms
Tune clashes P X P X
(declarative tune) S X-

Tune matches P X- S X S X-
(interrogative tune)

T2T2 -300 ms 0 ms 300 ms
Tune clashes S X
(declarative tune)

Tune matches S X pVv pV.
(interrogative tune) S X
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6.5.2 Tone Effects

In the following section, we present a stage-by-stage analysis of the processes occurring at each
SOA. For the target pictures with T1T1, when declarative tune distractors precede the target at
SOA -300 ms, we observe both phonological inhibition, which is likely caused by the direct
competition between the distractor’s falling pitch contour and the target’s obligatory rising
surface form for the first syllable. The declarative tune’s global low register creates further
misalignment with the high register required for interrogative production. The observed weaker
semantic effect suggests that while conceptual processing occurs simultaneously, the

predominant cognitive burden involves resolving the multi-level prosodic conflict.

In tune match conditions at this early stage, the observation of weak phonological inhibition
rather than facilitation is found. Despite both distractor and target sharing interrogative tunes,
the underlying tonal representations remain influential, suggesting that even when broader
intonational contours align, conflicts at the tone level-particularly between underlying
representations and required surface forms-can still disrupt processing, meaning that speakers

simultaneously manage multiple layers of prosodic information during early planning stages.

At SOA 0 ms, when distractor and target appear simultaneously, tune clash conditions for T1T1
show no significant effects, suggesting that participants have established a commitment to their
prosodic plan for interrogative production, creating temporary resistance to competing
declarative tunes. The timing coincides with lexical selection processes, where attentional

resources may shift from prosodic planning to lexical retrieval.

In contrast, tune match conditions at this timing produce clear semantic inhibition. The shift

from phonological to semantic effects indicates that when prosodic demands are satisfied
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through matching interrogative tunes, processing resources become available for lexical-
semantic operations. The matching tune appears to enhance activation of the distractor’s
semantic content, creating stronger competition that requires active suppression during lexical

selection.

The reemergence of phonological inhibition for T1T1 when distractors have declarative tunes
at SOA 300 ms suggests that articulation planning remains vulnerable to tone conflicts even
after lexical selection. When the declarative distractor appears during these late planning stages,
its falling contour interferes with the phonetic adjustments required for T1T1’s complex rising-

falling pattern, particularly within an interrogative framework requiring raised pitch.

For tune match conditions at this late stage, the weak semantic inhibition indicates that
semantic competition naturally weakens over time but persists through monitoring and
articulation planning stages. The reduction from full to weak inhibition (compared to 0 ms)

suggests a gradual decay of semantic interference as participants prepare for articulation.

Considering T2T2, it shows different processing from T1T1. At SOA -300 ms, there are no
significant effects when distractors have declarative tunes, emphasising T2T2’s natural
compatibility with interrogative intonation. Unlike T1T1, which requires tonal alternation rule,
T2T2 maintains consistent rising contours in both underlying and surface forms, creating a

stable prosodic framework that resists interference from competing declarative tunes.

In tune match conditions at this early stage, T2T2 yields semantic inhibition without
phonological effects, which suggests that when lexical tones and intonational requirements are

naturally aligned, the prosodic system operates efficiently from the start, allowing resources to
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be allocated to semantic processing. The semantic inhibition reflects strong activation of the
distractor’s meaning during early conceptual planning, creating competition that requires

resolution.

The continued absence of effects for T2T2 in tune clash conditions at SOA 0 ms reinforces the
notion that its rising pattern creates strong resistance to prosodic interference throughout lexical
selection. The system appears to prioritise the congruent T2T2-interrogative mapping over any

competing prosodic information from declarative distractors.

Significantly, clear phonological facilitation is observed at this timing in tune match conditions,
which represents optimal prosodic alignment, in which the distractor’s rising interrogative
contour perfectly matches both the lexical requirements of T2T2 and the intonational demands
of the question. This triple alignment creates processing efficiencies that actively facilitate
phonological encoding, providing the clearest evidence that tone-tune compatibility directly

influences processing costs during speech planning.

At SOA 300 ms, both tune conditions for T2T2 show significant effects. When distractors have
declarative tunes (tune clash conditions), semantic inhibition is found, suggesting that after
prosodic planning is largely complete, processing resources become available to handle the
distractor’s semantic content. The late semantic competition likely reflects monitoring

processes that check the selected lexical item against alternatives.

The combination of weak phonological facilitation and semantic inhibition in tune match
conditions is found at late production processes. The persistent facilitation suggests continued

benefit from pitch alignment during articulation planning, while the semantic inhibition reflects
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final monitoring processes where meaning-based competitors remain active. Such dual effect
demonstrates how phonological and semantic processes can operate in parallel even during late

production stages.

6.5.3 Parallel Processing of Tone and Tune

The present findings have shown a complicated interaction between lexical tone and
intonational tune in speech production planning. Our results demonstrate that in tonal
languages, these two prosodic systems, lexical tone and intonational tune, are processed in
parallel yet interact dynamically across multiple time windows. Unlike in non-tonal languages
where intonational patterns can be applied relatively independently (Lahiri, 2009), tonal
languages require constant integration and conflict resolution between lexical and sentential

prosodic layers.

Our evidence for early tune planning challenges strictly sequential models of speech production
(e.g., Levelt, 1989; Levelt et al., 1999), that prosodic frameworks are not merely post-lexical
add-ons but are established remarkably early in the planning process, creating constraints that
shape subsequent lexical selection. The facilitation effect observed when interrogative tunes in
distractors matched the required intonation of targets indicates that tune selection begins during

early conceptual planning before lexical access is complete.

6.5.4 Cascade Processing of Language Production

The different patterns observed between T1T1 and T2T2 tone combinations suggest a cascade
(overlapped) model of processing, where activation flows continuously between conceptual,
lexical, and phonological levels. When lexical tones naturally align with intonational

requirements (as in T2T2’s rising-rising contour with interrogative tunes), the system operates
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efficiently, freeing resources for other processes, evidenced by the shift to semantic effects.
When lexical tones conflict with intonational demands (as in TIT1’s complex rising-falling
pattern), processing resources must be allocated to resolving the prosodic pressure, creating
vulnerability to phonological interference, explaining why T2T2 patterns show resistance to
prosodic interference at early SOAs and facilitation at 0 ms, while T1T1 patterns demonstrate
persistent phonological conflicts across multiple time windows. The cognitive system appears
to prioritise resolution of tone-tune conflicts before proceeding with other aspects of speech

planning, where multiple phonological requirements must be simultaneously optimised.

Our data also confirm that speakers must simultaneously manage at least three levels of
prosodic representation: (1) underlying tonal representations, (2) surface tonal realisations, and
(3) intonational tune requirements, which creates potential for multi-level conflicts, particularly
evident in TITI patterns where tone sandhi creates discrepancies between underlying

representations and surface forms.

These representational conflicts are not solved in a single processing stage but persist
throughout the planning timeline. The reemergence of phonological inhibition at late SOAs
suggests that even during articulation planning, the system remains sensitive to conflicts
between competing prosodic representations, which challenges strictly feed-forward models of
speech production and supports interactive activation accounts where later processes can

influence earlier representations through feedback connections.

An expansion of current production models to account for the temporally overlapping and co-
dependent encoding of tone and tune should be proposed. Levelt’s framework acknowledges a

“prosody generator”, while our results suggest this component must be integrated much earlier
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in the planning sequence and must manage bidirectional interactions between lexical and

sentential prosody.

Thus, we propose that in tonal languages, the production system establishes an abstract
prosodic framework at the conceptual message level, setting expectations for pitch trajectory
based on communicative intent (statement versus question). As lexical selection unfolds, this
framework constrains and is constrained by the tonal requirements of selected words, creating
a dynamic system of mutual influence rather than strictly sequential processing. This
interactive framework better explains the observed pattern of facilitation and inhibition effects
across different SOAs and tone combinations. When tone and tune are compatible, the system
can efficiently integrate these prosodic layers, creating processing advantages. When tone and
tune conflict, the system must engage in active conflict resolution, consuming resources and
creating vulnerability to interference at multiple planning stages. The whole process is

exemplified in the chart below with the case from this study:

239



Conceptualisation

« Communicative intent: Question / Statement
* Selection of sentence-level tune
* Abstract prosodic template formed
* No lexical items yet selected

\

Early Prosodic Framing (-300ms)

« Lexical concepts activated with associated lexical tones
« Sentence-level tune established
* Tone-tune compatibility assessment begins
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! » T2T2: Rising tones align with interrogative tune
» TITI: Rising-falling pattern creates potential conflicts
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\ Lexical Retrieval & Phonological Encoding (0ms)

\
\
\
b » Lemmas selected, linking concepts to forms
* Lexical tones integrated with sentence-level tune
* T2T2: Optimal alignment facilitates processing
* TIT1: Requires more resources to resolve conflicts

J

Phonetic Realisation (+300ms)

\(

» Final pitch contour shaped by lexical tone and tune
* T2T2: Rising-rising pattern maintains facilitation
* T1T1: Shows vulnerability to interference
« External prosodic input can still influence output
/

Figure 6.6 Tone-tune processing model in GuanM

6.5.5 Answers to Research Questions
Research Question 1: To what extent is a tune an independent entity in the mental lexicon?

Answer: The results show that tunes possess partial independence in the mental lexicon, while

remaining deeply connected with lexical representations. The consistent facilitation effect

observed when interrogative tunes in distractors matched the required intonation of targets,

even across different SOAs and tone patterns, demonstrates that tunes are accessed as coherent
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prosodic units during speech planning, which suggests tunes have representational status

distinct from individual lexical items.

However, this independence is constrained by interactions with lexical tones. The differences
in processing between T1T1 and T2T2 patterns reveal that tune representation cannot be fully
separated from the tonal substrate upon which it is realised. For T2T2 words with rising-rising
patterns, the interrogative tune’s independence is more pronounced, as evidenced by resistance
to declarative tune interference and phonological facilitation with matching tunes. For T1T1
words with rising-falling patterns, the tune’s independence appears more compromised, as

shown by persistent vulnerability to phonological interference across multiple time windows.

Tunes exist as abstract prosodic templates in the mental lexicon, established early during
conceptual planning. However, their realisation and processing are significantly modulated by
their compatibility with lexical tonal requirements. Thus, tune independence exists on a
gradient, with greater independence observed when tune requirements naturally align with

lexical tonal patterns.

Research Question 2: Given that a single word can function as an intonational phrase, how
does a tune aligned to a word interact with its phonological (segmental and tonal) and semantic
information?

Answer: When a single word functions as an intonational phrase, tune interacts with

phonological and semantic information occurs at multiple levels and processing stages:

At the phonological level, tone-tune interactions appear bidirectional. The planned intonational

tune creates expectations for particular pitch trajectories, while lexical tones impose constraints
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on how these trajectories can be realised. When tune and tone align naturally (as in T2T2 with
interrogative tunes), phonological facilitation occurs. When they conflict (as in T1T1 with
declarative tune distractors), phonological inhibition results. These effects occurred across

different SOAs, indicating continuous integration throughout the planning process.

At the semantic level, tone-tune compatibility influences resource allocation for semantic
processing. When tunes and tones aligned well (T2T2 with interrogative tunes), semantic
inhibition effects emerged even at early SOAs, suggesting available resources for semantic
competition. When resolving tone-tune conflicts required greater processing resources (T1T1

patterns), semantic effects were often reduced or delayed.

Importantly, these interactions differ across the time course of production. Early in planning
(SOA -300 ms), tone-tune compatibility appears to establish the basic prosodic framework.
During lexical selection (SOA 0 ms), this framework constrains lexical choice and
phonological encoding. In late planning (SOA 300 ms), the interaction influences final

articulatory adjustments and monitoring processes.

In summary, in single-word intonational phrases, tune does not simply overlay lexical
information but interacts with both phonological and semantic properties throughout the
planning, which is not static but changes across processing stages reflecting the continuous

coordination required to integrate sentence-level prosody with word-level properties.

6.5.6 Limitations
The limitations of the study should be acknowledged, the first of which is the limited number

of experimental picture stimuli used in the task. With fewer items, there is an increased risk
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that the results were item-specific, rather than reflective of consistent cognitive mechanisms.
Second, the tone-related manipulation was asymmetrical across conditions in the stimuli design.
To be specific, although the experimental items were designed to involve lexical tone
dissimilation rules that produced the surface rising-falling contours, the phonological
distractors reflected the underlying falling tone (T1) of the first syllable, since the distractor’s
tone was based on its underlying representation, whereas the speaker’s target involved the
surface tone realisation. This mismatch may have driven phonological inhibition effects that
were less attributable to tone-tune interaction and more likely a result of morphophonological
incongruence locally. As a result, this study cannot fully separate surface tonal conflict from
underlying tonal activation during planning. Therefore, future studies should ensure that the
surface tone of the target is reflected in the phonological form of the distractor. In this case, it
would be through the inclusion of T2. Third, although semantic distractors were evaluated for
semantic closeness, their tone combinations were not controlled. Therefore, it remains unclear
whether some observed semantic inhibition effects might have been modulated by covert
phonological or prosodic overlap, especially in T2T2 conditions, where tone-tune alignment
was stronger. Future work could control for tone contour even in semantically driven trials to

fully disentangle semantic and prosodic competition.

6.6 Conclusion

This study is the first investigation of intonational tune planning in a tonal language using a
PWI paradigm. By applying this well-established psycholinguistic method, we have
demonstrated how speakers coordinate lexical tone with sentence-level intonation during real-

time speech production, from initial planning through to articulation.
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The observed effects across SOAs show a dynamic interaction between lexical tone and
intonational tune that evolves throughout the production timeline. In this experiment,
participants produced interrogative utterances while being exposed to auditory distractors that
either matched or mismatched the intended intonational tune. These distractors varied in
semantic or phonological relatedness to picture stimuli and were presented at three different
SOAs: -300 ms (before picture onset), 0 ms (simultaneous with onset), and 300 ms (after onset).
This design allowed us to examine precisely how auditory prosodic input interacts with internal

planning at different processing stages.

Our finding of faster reaction times when distractors carried an interrogative tune confirms that
intonational tunes function as abstract prosodic entities that are accessed early during
conceptual planning, rather than being mere post-lexical add-ons. This early tune selection
subsequently constrains phonological encoding, creating a framework within which lexical
tones must be integrated. The bidirectional nature of this interaction is evident in how the shape
of lexical tones (T1T1: rising-falling; T2T2: rising-rising) influences not only phonological
planning but also modulates the processing resources allocated to resolving potential conflicts
between lexical and sentential prosody. However, the tone-tune integration is highly sensitive
to the phonological structure of lexical tones themselves. T1T1 and T2T2 patterns show
different effects of inhibition and facilitation since lexical tone does not simply coexist with
intonation but must be actively integrated with it through a dynamic process of conflict
resolution or reinforcement, depending on their inherent compatibility with tunes. Thus, T2T2
tones, with their rising-rising contour, aligned naturally with interrogative tunes and facilitated
production, especially when distractors also carried rising pitch. In contrast, TIT1 sequences
with their complex rising-falling surface pattern showed increased interference, particularly

when faced with competing prosodic information. This asymmetry suggests that the production
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system must manage multiple levels of prosodic representation simultaneously including
underlying tones, surface tones, and intonational tunes at any level capable of disrupting the

planning process.

In summary, this study demonstrates that the interaction between lexical tone and intonational
tune is not peripheral or post-lexical but deeply embedded within the speech planning
architecture. The early, abstract representation of tunes and their continuous interaction with
lexical tones throughout the production timeline challenges strictly sequential models of speech
production and suggests a more interactive, resource-sharing framework. By extending
experimental research on tune planning to a tonal language, this research study hopes to
contribute to the understanding of how prosodic systems, both lexical and phrasal, are
synchronised in real time. Future studies might profitably expand on these findings by
investigating longer utterances and cross-dialectal comparisons to determine how widespread

these planning patterns are across diverse tonal and intonational systems.
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Chapter 7 Final Discussions
This chapter begins with a review of the key findings from four studies presented in the thesis,
followed by a broader discussion of tone-tune interaction, as well as the applications and
limitations of the AM framework in relation to the studies. The chapter concludes by outlining

directions for future research and reflecting on the overall contributions of the thesis.

7.1 Summaries of Experiments

Chapters 3 and 4 explored the production of syntactically unmarked yes-no questions in
GuanM, both in isolation and within longer utterances containing prosodic focus. The target
items were disyllabic words, including one minimal pair involving a tonal dissimilation rule.
The aim was to explore how intonation is realised in a tonal language, and how it interacts with

lexical tone and sentence-level features such as focus.

The findings reveal that:

e Statements are characterised by a global low pitch register, which gives rise to a gradual
FO declination across the utterance. This declination is not driven by tonal structure, but
is interpreted as the result of the intonational register setting.

e In contrast, yes-no questions exhibit a global high pitch register and a final high
boundary tone, aligned to the right edge of the intonational phrase. This boundary tone
has different phonetic realisations on the final syllable: it enhances the rise of rising
tones, moderates the fall of falling tones, and converts level tones into rising contours.

e In longer utterances, the combination of high register and boundary tone produces a
smoother and more level FO contour compared to the downward-sloping contour found
in statements. Importantly, lexical tone contours, including those affected by tonal

dissimilation, remain intact, although their pitch range may be varied. These findings
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suggest that in GuanM, contour shape is more phonologically stable than register height.
While register may be modulated by sentence type, the tonal identity of lexical items is
preserved.

e Focus is primarily marked by shorter duration (reflecting faster speech rate) and
increased intensity, rather than by FO-based cues. In statements, focus can also be
marked by an H* pitch accent. However, in questions, the interaction between lexical
tone and the question tune sometimes weakens the realisation of H*, making it a less

reliable cue.

Chapter 5 investigated the interaction between lexical tone and intonational tune through a
perception experiment using the AX discrimination paradigm. The results show that perceptual
difficulty increases when the pitch trajectories of lexical tone and intonational tune are
congruent, particularly when both exhibit rising contours. In such cases, listeners struggle to
distinguish whether the pitch movement arises from lexical tone or the interrogative intonation,
leading to increased ambiguity. In contrast, no comparable effect is found when the pitch
trajectories are incongruent, such as when falling tones co-occur with rising question tunes or
when falling tones align with falling declarative tunes. These findings highlight an asymmetry
in tone-tune interaction, supporting the conclusion that contour shape, rather than pitch register,

is the primary perceptual cue distinguishing question and statement tunes in GuanM.

Chapter 6 examined intonational tune planning (particularly the interrogative tune) in GuanM
using a picture-word interference paradigm. In this experiment, participants were asked to
name pictures using either interrogative or declarative tunes, while auditory distractors were
presented with either interrogative or declarative intonation at three SOAs. The results support

a facilitation effect when producing interrogative tunes in the presence of interrogative-tune
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distractors, suggesting that tune planning occurs at an early stage of speech production. Further
analysis shows an asymmetrical result of phonological and semantic effects between different
tone combinations. T2T2 words with rising-rising contours showed natural alignment with
interrogative tunes, creating processing advantages and resistance to interference from
competing declarative tunes. In contrast, T1T1 words with rising-falling patterns demonstrated
greater vulnerability to prosodic competition. These findings challenge modular models of
speech production by revealing that intonational tune is not merely a post-lexical add-on but
functions as an abstract prosodic entity that is accessed early in conceptual planning and
interacts dynamically with lexical tone throughout the production process. As a result, speakers
of tonal languages must simultaneously manage multiple layers of prosodic representation,

including underlying tones, surface tones, and intonational tunes.

7.2 General Discussion

7.2.1 Tone-Tune Interaction

The theoretical question of whether intonational tunes are abstract, phonological entities that
are planned and integrated into speech from the earliest stages, particularly within tonal
languages (e.g., GuanM) in which pitch is already lexically contrastive, was investigated in this
thesis. Evidence from the four studies reported in this thesis provides strong support for the
view that intonational tunes are structurally represented and that lexical tone and intonation
interact across all levels of spoken language, ranging from message-level planning to

articulation and perception.

In tonal languages, pitch has two grammatical functions; it encodes both word-level lexical
contrasts and utterance-level prosodic meaning. This duality challenges traditional models of

intonation that treat tunes as post-lexical phonetic overlays that are added after the core
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linguistic content is specified. By contrast, the results of the study of GuanM demonstrate that
intonational tunes must be represented at an abstract level and interact with lexical tone

throughout the speech planning and realisation processes.

In the earliest planning stage, the PWI study (Chapter 6) revealed that intonational tunes were
accessed during conceptual message formulation, well before phonological encoding was
complete. The facilitation effect that occurred when the distractors had matching interrogative
tunes suggests that the speakers selected an abstract tune template based on communicative
intent (question versus statement) that may have shaped subsequent lexical selection. This early
planning of tunes challenges strictly sequential models of speech production and shows that
intonational categories have representational status independent of specific lexical content. As
the planning progressed to phonological encoding, the planning progressed differently when
different lexical tones were involved. T2T2 words with rising-rising contours showed a natural
alignment with interrogative tunes, thereby creating processing advantages, while T1T1 words

with complex rising-falling patterns revealed vulnerability to prosodic competition.

During articulation, the production studies (Chapters 3-4) showed how this abstract tune was
realised physically. Questions were consistently realised through global pitch raising across the
entire utterance, coupled with a final high boundary tone, while statements had a global low
register. The raised pitch register of questions was not limited to short phrases; instead, it was
observed across both disyllabic targets and longer utterances, indicating that the interrogative
tune was not a localised rising contour, but was encoded through the phonological intonational
structure. Furthermore, the intonational features were implemented without compromising the
lexical tone identity; even tones that were affected by dissimilation rules maintained their

contour shapes, albeit with adjustments to pitch range.
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The perception data further confirmed that the listeners treated intonational tunes as structured,
meaningful units. When the lexical tone and tune shared pitch features, particularly in rising-
rising combinations, the listeners’ discrimination accuracy decreased significantly, suggesting
perceptual interference due to acoustic overlap. The low level of accuracy would not have
appeared if intonation were only processed after the lexical tone, or if it lacked categorical
status. This shows that tone and tune were parsed together, requiring listeners to disambiguate

overlapping pitch cues in real time.

From planning through to production and perception, the findings consistently showed that
intonational tunes in tonal languages functioned as abstract prosodic templates that were
activated early in speech formulation and interacted progressively with lexical tones throughout

the cognitive process.

7.2.2 Applications and Limitations of AM Theory

AM Theory has demonstrated some success in modelling pitch patterns in GuanM, particularly
in the case of yes-no questions, through a binary representation of high and low tones. It offers
a relatively accessible method for visualising surface-level pitch contours and has proven to be

useful in describing both lexical tones and intonational melodies in a simplified manner.

However, the theory’s ability to model the phonological components of GuanM is limited,
particularly with regard to the interaction between lexical tone and intonation. In tonal
languages such as GuanM, lexical tone is not simply an underlying layer upon which intonation

is superimposed, but plays an active and equally significant role in shaping the prosodic
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structure of an utterance. There is a complex interaction between lexical tones and sentential

intonation throughout the stages of speech production, perception and planning.

Therefore, there is a strong argument for representing lexical tones on a separate tonal tier
within the AM framework. Instead of viewing tone as a foundation and intonation as a higher-
level supervisor, a more accurate characterisation would be to regard them as two
interconnected layers, each of which is essential, with each contributing to the overall phonetic
and phonological outcome. Tone does not passively provide a base for intonation, but actively

shapes the possible pitch movements and the perception of intonational patterns.

In this thesis, I argued that the interaction between tone and tune is not unidirectional - that is,
with intonation affecting tones - but is bidirectional, with lexical tones also influencing
intonation. For example, in the production study of short utterances, the tone of the final
syllable determined the phonetic realisation of the high boundary tone introduced by intonation:
If the final lexical tone was rising, the boundary tone also rose; if it was falling, the boundary
tone reflected that fall. In turn, the boundary tone can exaggerate the rising of a rising tone or
reduce the falling nature of a falling tone. In longer utterances, the global register raising
associated with the interrogative intonation reduced the contour shape of each lexical tone,
resulting in a more level overall pitch contour with fewer fluctuations. This reduction in pitch
variability contrasts with the findings for Neapolitan Italian (Cangemi & Grice, 2016), in which
interrogatives exhibited significantly greater FO variability compared to declaratives regardless
of the sentence focus or duration. Thus, the advantage of incorporating both tonal and
intonational tiers is mutual predictability: Intonational patterns become more predictable based
on the lexical tones, while the surface realisation of lexical tones becomes more consistent

when influenced by intonation.
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AM Theory also encounters difficulty in accounting for the global tendencies that are observed
in intonational patterns because it relies heavily on identifying specific turning points in the
pitch contour. The timing and scaling of H and L tone sequences are presumed to be sufficient
to signal tonal contrasts. However, although turning points are often ambiguous or absent in
natural speech, listeners remain capable of making clear judgements about pitch accents, which
strongly suggests that other factors, such as the overall pitch contour shape and distribution,
play crucial roles in tonal perception. By focusing narrowly on local targets while disregarding
broader contour characteristics, AM Theory fails to capture the full range of perceptual cues
on which speakers and listeners rely in authentic communication (Barnes et al., 2012). In
addition, the empirical data obtained from GuanM show that the observed global tendency,
including the global register raising in question tunes and the global low register with gradual
declination in statement tunes, cannot be adequately explained by the local target-based

representations of AM Theory.

To address this, an extension of the AM framework should incorporate a mechanism for global
pitch register tracking in GuanM and other Chinese dialects, which would involve modelling
not just the sequence of H and L tones, but also a higher-level parameter that defines the overall
pitch range or slope of the utterance. Such a parameter could represent a rising register trend
in interrogatives or a declination pattern in declaratives, for example. It could take the form of
a register tier that is applied across the intonational phrase, or a scaling factor that modulates
the height of local tones in accordance with the global contour. This approach would retain the
strengths of the AM model in identifying local pitch targets while enhancing its ability to

represent the long-range pitch patterns that listeners demonstrably perceive. Crucially, it would
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also enable the theory to better account for intonational phenomena in tonal languages, in which

such global contours frequently interact with the FO realisation of lexical tones.

7.3 Future Studies

The focus in this thesis was on disyllabic sequences, which served as experimental units across
all the studies. In Chapter 3, these disyllabic sequences functioned as complete intonational
phrases; in Chapter 4, they were embedded in focus positions within longer utterances and, in
Chapter 5, they formed the perceptual stimuli for discrimination tasks. In Chapter 6, both
distractors and target productions were disyllabic sequences that functioned as intonational
phrases. While this method provided a controlled environment for examining tone-tune
interactions, natural speech typically involves more complex utterances. Future research should
examine longer utterances to determine whether tone-tune interaction in GuanM is organised
hierarchically across prosodic boundaries. Such work should analyse multiple acoustic
dimensions (duration, intensity, and FO measures) and draw on larger datasets, ideally

including comparative data from other Chinese languages.

The comparison between syntactically marked and unmarked yes-no questions presents
another important aspect for investigation. The current findings demonstrated a global raised
pitch register in syntactically unmarked yes-no questions in both disyllabic utterances and in
longer utterances, suggesting that speakers plan this intonational pattern from the beginning of
the utterance. Shen’s (1990) work on yes-no questions in SC indicated that syntactically
marked yes-no questions occupied an intermediate position in terms of register height, with a
mean FO that was higher than that of statements but lower than that of intonational yes-no
questions. This confirms that intonational tune exists as an abstract phonological entity in

which global pitch register is embedded, even for the sentence-final particles in yes-no
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questions. Such observations raise intriguing questions about the systematic relationship
between the syntactic and prosodic marking of interrogatives in GuanM, particularly regarding
whether the global high pitch register, representing the abstract entity of interrogative tune, will

also be found in these contexts.

In addition, the speech rate in the current findings is a particularly promising area for future
investigations. The observation that focus was primarily marked by a shorter duration rather
than by FO modulation suggests that temporal features play a more significant role in GuanM
prosody than was previously recognised. This makes sense given that FO is heavily utilised for
lexical tone distinctions, potentially limiting its availability for marking information-structural
categories like focus. Future research should examine whether this pattern is maintained in
longer focus phrases with more syllables. Would speakers compress the entire focused phrase
to maintain a faster rate, or would they shift to alternative prosodic cues? Moreover, how might

the speech rate interact with tonal and intonational features in such contexts?

Finally, apart from the recommendations outlined in Chapter 6, future research on tune
planning in speech production could be suggested. In the present study, the PWI paradigm was
used to investigate the production of question and statement tunes in two-syllable words
functioning as intonational phrases, using measures of reaction times and accuracy. While this
approach provided evidence for the early planning of tune and confirmed the interaction
between lexical access and prosodic realisation, recent work by Ots (2024) has offered a
broader perspective by examining the planning of longer, sentence-level utterances. Ots’
investigation of Estonian intonation revealed that sentence-initial pitch peaks were modulated
by utterance length, suggesting that speakers engaged in the advance planning of intonational

contours, which was not linked to the incrementality of conceptual planning, as measured by
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eye-tracking, but was linked to the structural features of the utterance. She suggested that
prosodic features, such as pitch scaling, might not be solely linked to lexical retrieval or to
local phonological processes, but may instead be informed by higher-level syntactic or

discourse structures.

Drawing on Ots’ (2024) study, future psycholinguistic research on tune planning could adopt
a dual-task paradigm, in which participants produce intonational tunes while simultaneously
managing cognitive load, for example, by memorising a list of words. This would allow
researchers to examine how attentional resources affect the planning and realisation of different
tune types, such as questions and statements. In addition, the simple picture-naming task that
was used in the current study could be replaced with a visual world speech production paradigm
involving scene descriptions, which would allow for the study of tune planning in more
naturalistic and discourse-rich contexts, in which participants are required to generate full
utterances. Scene descriptions might be useful to explore sentence-level or phrasal contexts to
investigate how tune planning operates beyond isolated words, by eliciting both questions and
statements; for example, through dialogue prompts or information-seeking scenarios.
Moreover, instead of focusing solely on reaction times and accuracy, future work could
incorporate acoustic analyses of FO trajectories across the entire utterance. This would enable
a more detailed examination of how initial pitch scaling contributes to overall tune realisation,
and could determine whether intonation is planned holistically or incrementally across different
tune types. Finally, eye-tracking methodology could be implemented to capture real-time
planning processes: the timing of tune selection could be determined by analysing measures
such as such as gaze durations and fixation patterns prior to speech onset. Such data could help
to clarify whether question and statement tunes are planned differently in terms of scope and

temporal structure.
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7.4 Conclusion

In summary, this thesis has investigated the intonational system of GuanM. It has found that
syntactically unmarked yes-no questions in GuanM exhibit a raised global register and a high
boundary tone at the edge of the intonational phrase, and has argued that intonational tunes are
abstract entities that are structurally represented, perceptually salient, and fully embedded in
the architecture of language use. These tunes interact with lexical tones across multiple levels,
from conceptualisation to articulation to perception. These findings call for a revision of current
models of prosody, particularly those based on data from non-tonal languages since in tonal

languages, pitch serves as a multifunctional resource.

The findings in this thesis make several significant theoretical contributions to our
understanding of the interaction between lexical tone and intonation. Of note, they challenge
the traditional view that intonational meaning in tonal languages is primarily realised through
localised prosodic adjustments. Instead, I have demonstrated that GuanM employs a global
strategy wherein speakers initiate a raised pitch register from the onset of interrogative
utterances, reflecting the advanced planning of the entire intonational contour. This planning

occurs simultaneously with the preservation of lexical tone contrasts.

The methodology that was used in this thesis combined acoustic analyses and perceptual
research to provide a comprehensive and formal framework for studying the intonation systems
of less-studied languages. By examining production and perception, I was able to gather
evidence for the cognitive representations of intonation categories in GuanM, suggesting that
speakers and listeners have consistent expectations about how the prosodic encoding of
interrogative meanings should be accomplished. In addition, I explored GuanM speakers’

psycholinguistic processing of the intonation planning of a multilayered prosodic system. The
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GuanM speakers’ seemingly effortless management of the complex interaction between lexical
tone and intonation raises interesting questions about the structure of speech planning and the

nature of phonological representations.

In conclusion, I hope that this thesis will serve as a useful template for future research on less-
documented languages, particularly those that have historically relied on impressionistic
descriptions rather than empirical evidence, by using diverse research methods that were
covered in the thesis, including production with acoustic measurements, perception and
psycholinguistic experiments. I also hope this work will encourage similarly comprehensive
methodologies in the study of other tonal languages, which will enhance our understanding of

tone-tune interaction.
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Appendix A  Statistical Results

Table A.1 Results of acoustic measurements at the phrasal level (Production Study 2)

Phrase Tone Pre-target Tune Mean intensity Duration Mean F0 Max F0 Min F0 F0 range
T1 Question  81.24 (1.72) 418.54 (116.01) 214.62(57.24) 261.43 (63.41) 170.39(51.29) 91.04 (36.21)
Statement  79.58 (1.83) 447.24 (120.03) 188.73 (52.57) 238.18 (75.37) 138.49(39.55) 99.69 (62.71)
™ Question  81.29 (1.79) 443.71 (113.03) 231.09 (58.28) 268.69 (72.60) 190.94 (54.48) 77.75 (58.86)
TITI Statement  80.45 (1.73) 464.61 (105.84) 199.43 (52.22) 239.02 (77.98) 154.65(40.76) 84.38 (73.16)
™ Question  81.64 (1.27) 452.80 (123.50) 236.36 (58.13) 277.28 (71.07) 185.20 (58.13) 92.08 (55.27)
Statement 80.74 (1.44) 469.16 (113.98) 204.50 (49.49) 246.30 (64.84) 148.97 (40.83) 97.34(52.32)
T4 Question ~ 81.48 (1.55) 433.20 (104.68) 243.52(59.43) 273.03 (66.26) 205.27 (57.16) 67.77 (45.23)
Statement  80.39 (1.60) 47291 (117.81) 209.49 (54.95) 234.07 (60.61) 161.46 (43.89) 72.61(39.11)
1 Question  80.97 (1.96) 402.10 (108.80) 211.45(55.75) 258.89 (64.87) 166.75(47.78) 92.15(36.21)
Statement  79.40 (1.75) 448.82 (120.72) 191.61 (54.17) 248.94 (89.78) 136.30(38.21) 112.64 (84.63)
™ Question  81.11 (1.73) 433.83 (118.33) 231.01(57.48) 277.92(85.25) 188.97(53.95) 88.95(83.19)
Prefocus  TOT? Statement  80.58 (1.54) 448.06 (102.57) 195.69 (50.29) 232.31 (71.41) 154.87 (41.10) 77.44 (63.94)
™ Question  81.48 (1.34) 429.30 (114.67) 232.04 (57.55) 270.74 (65.66) 182.78 (57.96) 87.96 (41.94)
Statement  80.76 (1.40) 463.61 (120.74) 199.23 (49.77) 240.19 (64.08) 145.44 (39.84) 94.75 (48.26)
T4 Question  81.09 (1.62) 413.26 (104.14) 239.74 (59.59) 268.33 (70.06) 202.66 (59.95) 65.67 (53.43)
Statement  80.23 (1.75) 452.82(108.42) 207.76 (52.64) 232.00 (58.47) 162.55(43.89) 69.45 (37.00)
T1 Question  80.91 (2.04) 404.26 (119.14) 217.15(56.64) 269.67 (73.22) 174.42(51.45) 95.25(58.40)
Statement 79.42 (1.61) 436.46 (110.76)  190.79 (51.60) 243.79 (82.83) 140.10(38.98) 103.68 (73.8)
™ Question  81.22 (1.67) 428.63 (109.38) 227.25(56.41) 272.77 (78.15) 189.78 (50.13) 82.99 (62.35)
T4T4 Statement  80.49 (1.60) 456.78 (107.86) 198.96 (51.40) 241.34 (83.52) 153.80(44.85) 87.54(78.46)
™ Question  81.43 (1.47) 426.65 (115.67) 233.93 (62.72) 271.06 (70.48) 191.06 (65.16) 80.00 (48.63)
Statement 80.64 (1.43) 464.03 (110.85) 204.17 (49.99) 242.43 (64.47) 153.23 (40.69) 89.2 (52.38)
T4 Question  81.36 (1.57) 420.07 (110.38)  242.41 (60.40) 270.05(70.09) 207.28 (57.79) 62.77 (50.32)
Statement  80.28 (1.73) 458.26 (111.78)  210.97 (50.24) 237.27 (64.59) 163.02 (44.14) 74.26 (54.13)
On-focus TITI T1 Question  83.51 (1.43) 396.61 (97.94)  233.14(70.44) 283.08 (88.50) 173.28 (51.47) 109.8 (58.51)
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Post-focus

Statement  82.46 (1.95) 42477 (93.91)  198.67 (55.09) 252.20 (77.89) 134.77 (37.87) 117.43 (65.37)

T2 Question  83.71 (1.34) 409.88 (101.32) 238.48 (67.29) 288.46 (83.77) 185.97 (56.96) 102.49 (52.59)
Statement  82.88 (1.78) 437.54(99.99)  199.97 (57.05) 252.52(79.68) 140.73 (40.04) 111.79 (61.12)

. Question  83.20 (1.32) 399.84 (98.77)  230.88 (70.25) 279.05(88.82) 175.97 (52.03) 103.09 (61.29)
Statement  82.11 (2.27) 42779 (97.86)  195.01 (36.11) 250.77 (84.47) 136.92(37.53) 113.85 (71.48)

4 Question  83.30 (1.44) 399.64 (97.94)  239.55(68.34) 287.79 (83.87) 188.06(55.11) 99.73 (53.86)
Statement  82.61 (1.63) 421.44 (101.65) 202.59 (56.35) 251.20(73.03) 143.63 (40.48) 107.56 (50.08)

o Question  83.43 (1.40) 414.42(96.54)  240.92 (69.52) 284.64 (88.51) 172.77 (48.26) 111.87(56.96)
Statement  82.81 (1.55) 438.08 (39.84)  195.68 (52.29) 237.31(67.14) 14246 (41.59) 94.85 (49.18)

T2 Question  83.66 (1.41) 420.84 (97.54) 24436 (69.58) 282.09 (84.4)  200.29 (57.06) 81.79 (51.33)

T Statement  83.26 (1.55) 44277 (97.78)  198.63 (52.8) 238.17(71.55) 162.35(46.1)  75.82 (55.11)
3 Question  83.03 (1.40) 408.72 (91.08)  241.09 (70.43) 282.16 (88.32) 182.85(55.68) 99.30 (58.25)
Statement  82.51 (1.78) 436.11 (91.92)  194.3 (54.15) 232.89 (67.45) 148.49 (42.68) 84.40 (46.73)

4 Question  83.18 (1.39) 416.94 (98.13)  245.44 (69.86) 282.98 (85.32) 198.9(55.29)  84.08 (48.65)
Statement  82.9 (1.39) 43891 (91.41)  201.84 (52.92) 239.04 (67.49) 164.89 (45.38) 74.15 (45.83)

o Question  83.81 (1.62) 401.79 (92.17)  275.33(79.17) 300.19 (88.62) 193.08 (56.3)  107.12 (54.17)
Statement  83.27 (1.67) 427.26 (90.88)  235.81 (65.63) 261.43(77.02) 15827 (45.17) 103.16 (62.03)

T2 Question  84.19 (1.47) 41239 (93.61)  279.08 (77.16) 29821 (89.49) 234.51 (61.58) 63.70 (55.04)

T4 Statement  83.59 (1.65) 437.65 (98.2) 24243 (67.72) 263.21(79.88) 195.62(50.82) 67.60 (52.59)
. Question  83.47 (1.59) 403.33(89.49)  272.47 (79.05) 295.84 (86.8) 211.59 (65.78) 84.25 (60.64)
Statement  83.07 (1.78) 431.8(93.37) 23551 (62.71) 260.79 (74.92) 171.87 (48.3) 88.92 (61.41)

4 Question  84.02 (1.53) 406.46 (93.55)  283.58(80.59) 300.83 (91.4) 242.9(60.98) 57.93 (51.73)
Statement  83.33 (1.74) 43442 (105.17) 24521 (63.46) 264.37(75.26) 2062 (49.84) 58.17 (51.59)

- Question  80.67 (1.53) 567.33(96.65)  229.53(57.33) 26733 (74.21) 188.62(51.95) 78.72 (52.18)
Statement 74.83 (3.01) 5471 (105.44) 14597 (44.42) 18633 (72.89) 11229 (38.42) 74.03 (66.38)

T T2 Question  80.69 (1.63) 571.26 (97.51)  235.27(59.26) 278.62 (34.88) 191.71(55.02) 86.91 (63.09)
Statement  74.83 (2.95) 551.62 (111.33) 145.53 (40.63) 186.62(70.69) 112.95(34.38) 73.67 (70.33)

3 Question  80.76 (1.51) 563.26 (98.44) 233.8(58.31) 273.00 (77.59) 190.93 (53.64) 82.07 (55.66)
Statement  74.75 (3.02) 54255 (108.44) 14431 (42.87) 182.73(73.89) 110.9(35.11) 71.84 (72.78)
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4 Question  80.64 (1.58) 565.1 (100.26)  235.04 (58.8) 273.64(79.6) 194.25(53.3)  79.38 (58.01)
Statement  74.86 (3.00) 54441 (111.74) 14470 (38.44) 187.06 (74.3) 11431 (34.28) 72.74 (71.18)

o Question  80.91 (1.54) 566.12 (95.34)  247.06 (63.28) 301.04 (85.31) 196.81 (53.84) 104.24 (55.07)
Statement  77.56 (2.12) 54237 (111.07) 180.9 (47.17) 2482 (74.84) 117.72 (38.06) 130.49 (73.42)

T2 Question  80.79 (1.49) 572.52(100.08) 245.81 (64.61) 298.88(83.69) 193.57(56.02) 105.32(54.77)

T Statement  77.60 (2.02) 548.57 (108.93) 181.69 (49.96) 250.11(82.52) 116.27 (38.45) 133.84 (80.37)
. Question  80.93 (1.48) 563.13(97.6)  246.26 (62.35) 299.85(85.58) 196.04 (51.99) 103.81 (58.43)
Statement 77.61 (2.13) 540.54 (111.05) 180.92 (49.25) 247.70(82.70) 120.05(39.67) 127.65 (76.99)

4 Question  80.88 (1.51) 568.76 (98.21) 2484 (62.27)  302.62(83.00) 196.26 (54.55) 106.35 (58.13)
Statement  77.60 (2.11) 550.25 (108.76) 185.55(50.1)  253.37(80.24) 119.53 (38.68) 133.84 (76.85)

o Question  80.98 (1.62) 563.27 (94.8)  247.41(59.08) 309.06(85.43) 194.39 (49.98) 114.67 (65.47)
Statement  77.43 (2.01) 540.98 (109.52) 181.91 (49.5) 263.18 (81.57) 118.93 (37.8) 144.25 (31.38)

T2 Question  80.94 (1.53) 560.73 (90.18)  246.73 (59.13) 307.67 (81.62) 193.98(50.39) 113.69 (61.8)

T4 Statement  77.33 (2.07) 543.42(106.73) 182.2(50.92) 263.76 (87.16) 118.44(37.29) 145.32(85.5)
3 Question  80.77 (1.64) 560.06 (99.85)  243.81(61.23) 306.32(88.03) 192.12(54.21) 114.19 (73.66)
Statement  77.34 (2.01) 537.32(106.59) 178.8 (45.92) 257.74(80.74) 120.26(36.82) 137.48 (81.32)

4 Question  80.88 (1.55) 563.25 (93.98)  248.63 (60.94) 311.79(89.14) 193.46(52.64) 118.33 (71.46)
Statement  77.41 (2.00) 541.17 (104.13) 176.96 (45.00) 255.50 (76.98) 117.79 (36.90) 137.71 (73.97)

Table A.2 Results of acoustic measurements of disyllabic words of on-focus phrases (Production Study 2)

Tone Pre-target Syllable Tune Mean intensity Duration Mean F0 Max F0 Min F0 F0 range
Syllable 1 Question  83.43 (1.8) 215.59 (58.75) 222.92 (66.63) 276.46 (87.48) 176.62 (51.77) 99.85(57.21)
T1 Statement  82.65 (2.28) 234.58 (58.59) 189.11 (55.76) 243.59 (75.99) 145.64 (42.05) 97.95 (60.08)
Syllable 2 Question  83.29 (1.86) 181.02 (51.28) 240.63 (77.53) 274.98 (87.62) 204.12(67.64) 70.86 (42.66)
TITI Statement 81.76 (2.51) 190.2 (49.24)  205.9 (63.31) 242.25(77.41) 147.17 (43.51) 95.07 (55.84)
Syllable 1 Question  84.04 (1.52) 223.02 (60.06) 235.41(63.11) 282.12(80.54) 198.38(57.9)  83.74 (48.63)
T2 Statement  83.3 (2) 245.35(65.25) 195.69 (55.08) 241.71(72.98) 160.99 (45.53) 80.72(52.29)
Syllable 2 Question  83.05 (1.85) 186.85 (52.78) 239.67 (76.34) 274.61 (87.73) 203 (67.05) 71.61 (47.1)
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Statement 81.84 (2.54) 192.19 (48.64) 200.11 (65.88) 236.1(82.76) 147.14 (46.59) 88.96 (60.32)

Syllzblo Question 8298 (1.68)  217.86(60.84) 221.72 (65.17) 272.28(87.03) 181.84 (53.04) 90.43 (58.43)

3 Statement 82.2 (2.62) 234.64 (61.76) 187.9 (58.49) 237.19(77.22) 150.49 (43.81) 86.7 (60.28)

Syllable 2 Question  83.13 (1.91) 181.98 (52.41) 237.84(78.72) 271.12(90.22) 201.87 (68.33) 69.25 (48.07)

Statement 81.55 (2.81) 193.15 (49.76) 198.78 (64.03) 235.8 (81.91) 142.96 (40.85) 92.84 (60.35)

Syllzblo Question  83.3 (1.86) 214.88 (59.92) 234.85 (64.24) 281.37(82.42) 198.37 (56.26) 83 (50.64)

4 Statement 82.92 (1.82)  228.99 (62.13) 197.23 (54.1) 242.69 (68.94) 165.45 (46.05) 77.24 (42.59)

Syllablo 2 Question  82.96 (1.92) 184.76 (50.15) 242.48 (76.48) 276.68 (86.17) 206.18 (66.35) 70.51 (47.3)

Statement 81.75 (2.57) 192.45 (54.79) 203.53 (65.24) 237.23 (76.91) 148.15 (45.93) 89.08 (50.36)

Syllable 1 Question 8337 (1.61)  219.03(53.27) 211.45(60.69) 262.2(79.09) 172.77 (48.26) 89.43 (46.4)

- Statement 82.36(2.02)  233.23(50.39) 173.67 (49.01) 218.7(61.92) 14254 (41.71) 76.16 (38.61)

Syllablo 2 Question  83.15 (2.15) 195.38 (56.58) 262.72 (76.89) 283.21 (87.59) 242.38 (71.26) 40.83 (34.3)

Statement 83.03 (1.81)  204.86 (53.99) 211.88(57.46) 233.74 (66.68) 189.85(52.8) 43.89 (32.7)

Syllzblo Question  83.84 (1.51)  227.1(55.92) 228.91 (62.64) 264.68(75.49) 200.71 (56.45) 63.97 (42.3)

- Statement  83.26 (1.9) 24231 (55.91) 188.08 (52.9) 222.08(67.17) 162.81 (45.82) 59.26 (47.05)

Syllablo 2 Question  83.08 (2.2) 193.73 (53.39) 258.36 (77.62) 278.54(86.39) 238.88 (72.77) 39.66 (32.11)

T Statement 82.94 (2.05)  200.39 (54.85) 207.33 (56.12) 230.99 (67.17) 186.39 (52.53) 44.61 (35.46)

Syllzblo Question 8271 (1.52)  215.22(51.15) 217.09 (64.24) 260.88 (79.14) 182.91 (55.72) 77.98 (46.56)

3 Statement 81.83 (2.44) 23523 (53.2) 176.65(50.95) 216.81 (62.84) 149.17 (42.59) 67.64 (38.24)

Syllable 2 Question  83.08 (2.12) 193.51 (50.21) 260.06 (76.84) 281.62 (88.29) 239.59 (71.79) 42.02 (36.38)

Statement 82.89 (1.99)  200.89 (52.89) 208.14 (58.57) 230.53 (67.39) 185.99 (53.67) 44.54 (32.12)

Syllzblo Question  83.11 (1.55)  222.81(55.89) 228.44 (63.13) 26529 (77.7) 199.01 (55.38) 66.27 (39.76)

4 Statement 82.68 (1.57)  235.45 (54.23) 189.92 (49.89) 223.32(61.04) 165.66 (45.04) 57.66 (34.26)

Syllablo 2 Question  82.91 (2.15) 194.14 (54.82) 260.88 (77.41) 28121 (85.91) 240.95 (72.24) 40.26 (31.23)

Statement  82.9 (1.88) 203.45(49.87) 210.73 (56.52) 235.05(66.9) 189.36 (51.63) 45.69 (33.66)

Syllable 1 Question  83.56 (1.75)  204.94 (50.44) 256.64 (72.52) 287.52(81.69) 193.36 (56.18) 94.16 (46.1)

T4 - Statement 82.92 (1.92) 22048 (53.6) 219.3(59.28) 246.64 (67.04) 158.49 (45.3) 88.16 (44.67)
Syllable 2 Question  83.74 (2.37) 196.85 (54.06) 291.28 (86.32) 298.5(89.3)  278.28 (81.04) 20.22 (18)

Statement 83.35(2.09)  206.79 (50.42) 250.44 (72.59) 259.32(78.03) 232.51(65.17) 26.81 (27.39)
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T2

T3

T4

Syllzblo Question 8423 (1.72)  212.95(55.43) 270.16 (72.56) 289.77 (84.32) 235.24 (61.33) 54.54 (49.46)
Statement  83.4 (1.93) 226.69 (58.08) 233.08 (62.96) 252.62 (71.95) 197.7(52.06) 54.92 (39.4)
Syllable 2 Question  83.84 (1.95) 199.44 (50.07) 287.38 (83.86) 293.93 (86.62) 27622 (80)  17.72 (15.96)
Statement 83.53 (1.95)  210.96 (52.47) 251.04 (74.21) 259.91(79.33) 233.86(68.13) 26.05 (26.01)
Syllzblo Question 83 (1.77) 207.08 (53.01) 259.4(72.95) 285.01(80.29) 212.58 (67.33) 72.43 (53.73)
Statement 82.63 (2.03)  222.8 (54.45) 221.22(58.29) 247.37(66.32) 173.1(50.04) 74.27 (48.75)
Syllable 2 Question  83.65 (2.23) 196.26 (50.28) 285.23 (85.44) 291.9(88.85) 273.45(79.69) 18.46 (17.95)
Statement 8327 (2.12) 209 (51.88)  246.99 (69.52) 256.27 (75.02) 228.38 (62.54) 27.89 (27.78)
Syllzblo Question  83.8 (1.79) 209.31(55.03) 274.42(74.92) 291.41 (83.85) 244.04 (62.34) 47.36 (44.17)
Statement 82.96 (2.04)  224.53(70.18) 237.6(59.64) 254.16 (67.16) 21038 (51.4) 43.78 (35.87)
Syllablo 2 Question  83.97 (1.95) 197.15 (50.77) 292.48 (87.48) 299.76 (91.42) 280.63 (81.59) 19.13 (19.21)
Statement  83.45 (2) 209.89 (49.91) 251.98 (69.08) 260.79 (74.86) 233.84 (63.27) 26.95 (38.09)
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