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ABSTRACT 

» Speech sound assimilation is a phenomenon widely attested across languages where 

speech units occurring in proximity in continuous speech become more like each 

other. From previous literature, there are opposite asymmetries in its direction of 

operation for segmental feature (e.g. consonant voicing, nasality, place of articulation, 

etc.) and tonal feature (i.e. fundamental frequency, FQ) assimilations: the former one is 

dominantly leftward / regressive while the latter one mainly right ward / progressive. 

This dissertation presents a series of six experiments conducted to investigate the 

effect of speaking rate on directionality of speech sound assimilation, with Cantonese 

as the target language. Segmental feature assimilation was studied in the first four 

experiments: Experiment 1 elicited native speakers' production of target syllables 

containing two consecutive consonants embedded in a carrier sentence, under 

different speaking rates. We noticed assimilative contextual effects from onset 

consonants acting regressively on F2 (second formant) transition of the previous coda 

consonant, and that as speaking rate increases, this influence becomes more 

prominent. Interestingly, this regressive direction of influence agrees with the 

cross-linguistically dominant (leftward) direction of stop place assimilation; To study 

the perceptual consequences of the observed rate-induced formant variations, in 

Experiment 2, we presented to another pool of subjects a subset of samples from 

Experiment 1 for a consonant identification task. Identification error analysis showed 

that those acoustic variations indeed caused a corresponding confusion pattern at the 

listener side, rather than being perceived merely as allophonic variations; Experiment 

3 and 4 presented our effort to draw additional empirical support from real-world 

language uses apart from behavioral data obtained under tightly controlled laboratory 

‘settings. Experiment 3 was a frequency analysis into a contemporary spoken corpus 

on consonant variations. Agreeing with our previous acoustic experiments, it was 

‘ f o u n d that coda consonants were often influenced in an assimilative manner by its 

* � following onset consonant rather than the other way round; Experiment 4 compared 
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two Cantonese spoken corpora constructed in different times for revealing the 

diachronic trajectory of consonants. Several we 11-attested changes surfaced in the 

comparison. Besides, frequency results were matched against results from simulation 

modeling to provide additional pieces of supporting evidence to our conclusion of 

regressive segmental feature assimilation; We tried to extend the methodology in 

Experiment 1 and 2 to study tonal feature assimilation in Experiment 5 and 6. Data 

from Experiment 5 revealed, under high speaking rate, a rightward shift of certain 

tonal features, in particular, Fo peak, relative to segmental boundaries. The 

corresponding perception Experiment 6 made use of samples from Experiment 5 to 

elicit subjects ' perceptual responses when presented those rightward shifted Fo 

contours. Perception results indicated that listeners were able to recover the intended 

tones even given the distorted Fo contours, probably with the help of other co-varying 

acoustic cues present; On a slightly different topic, Experiment 7 presents an attempt 
% 

to quantitatively document ongoing merger of two tone pairs in Hong Kong 

Cantonese, namely, T2-T5 and T3-T6. Results showed statistically significant tone 

confusion rates across subject ages. Among the two tone pairs studied, the first one 

was more severely confused while the second one was found to merge at a slightly , 

faster pace. To sum up, since speech rate fluctuation is inevitable in everyday oral 

communication，if the speech rate-induced acoustic variations obtained in production 

experiments are found to cause perceptual confusion at the listener side, as 

exemplified in Experiment 2, in the same direction as reported in the literature on 

historical sound assimilation processes, speech rate is highly probably one of the 

candidates driving diachronic speech sound assimilation processes, as found in 

Experiment 3 and 4. The whole dissertation attempted to re-construct the whole 

speech sound evolution process with experimental results from multiple perspectives. 
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摘要 

在連續語流中相鄰語音單位變得彼此相似，稱為語音同化現象，在不同語言中 

都能被觀察到。根據文獻報告，音段特徵（例如聲母清獨、專音性、發聲部位 

等）及聲調特徵（即基頻）在產生語音同化時有不同的方向性：前者主要為逆 

向（影響力向左），後者主要為順向（影響力向右）。本論文報告一系列六個 

以粤語為目標語的多角度實驗，探討語速與語音同化作用方向性的關係。首四 

個實驗硏究音段特徵：實驗一要求受驗者以不同的語速發話，以提取試驗句子 

中兩個相鄰聲母的聲學參數。從對第二共振峰的分析中，我們發現一逆向的同 

化作用，並此同化作用於高語速時更為明顯。這逆用作用的實驗結果正與學者 

們報告的跨語言的結果相符。於實驗二中，我們以從實驗一中收集到部分的聲 

音樣本作為材料，向另一批受驗者播放，要求他們記錄所聽到的輔音。錯誤分 

析顯示於實驗一中找到因語速導致的聲學變異會令聽者產生相應的輔音感知， 

即逆向同化。我們在實驗三及四中嘗試從•語語音庫中找尋更多確實証據，以 

肯定前述從實驗室得到的結果可在日常生活中應用。實驗三對一近代•語語料 

庫作輔音頻率分析，確認節尾輔音通常會逆向受後接節首輔音的同化影響，亦 

即跟前述語音學實驗結果相符。實驗四比較兩個於不同年代完成的香港粤語口 

語語音庫，以觀察輔音的歷時演變，可觀察到很多學者們報告的音變（例如 

去鼻音化）的踪影。另外，輔以電腦模型的結果，我們再次得出輔音主要進行 

逆向同化的結論。我們採用實驗一及二的方法進行實驗五及六，探討聲調特徵 

的同化作用。實驗五表明在高語速環境下基頻峰值會有右向的延遲，亦即可視 

為順向的特徵同化。部分實驗五的語音樣本被作為實驗六的材料，以觀察聽者 

對這些延遲出現的基頻峰值的感知。實驗結果告訴我們，聽者大概是從基頻以 

外的聲學特徵準確辨出本來的聲調。環繞另一課題，實驗七以香港粵語兩個廣 

為談論的聲調合併（即第二五聲’及第三六聲）為背景，作一大規模跨年齡問 

卷調査。結果顯示不同年齡的參加者對上述四個聲調的混淆程度不一 ’並年齡 
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經統計分析為有效的影藉因素。其中，第二五聲的合併較明顯，但第三六聲合 

併速度較快。總括來說，由於語速在日常口語交談中不斷變化，我們証明了在 

高語速下的發話會導致聽者的混亂（實驗二），而這混亂的方向性與一眾歷時 

語音演變的結果相符，語速因而極可能是推動語音同化作用的其中一重要原 

因。本論文正是嘗試從多角度重現整個語音演變的過程。 
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CHAPTER 1 

INTRODUCTION 

Language is seen as a fascinating part of human culture partly because it is full of 

variations. Properties like word-order, sound inventories, tense and aspect systems all 

show great diversity cross-linguistically. Much effort has been invested to explore 

similarities and differences among languages all over the world. If those studies are 

like talcing static pictures of various existing current languages, our view pf it is 

incomplete if their motions are not taken into consideration' . The dynamic aspect of 

language all lies in their development along history. Taking English as an example, 

the great vowel shift in its sound inventory, morphologization of the adverbial suffix 

-ly, as well as grammaticalization of the lexical verb will to a grammatical marker 

(marking future), are all representative cases illustrating language change at different 

levels of language structure. 

This dissertation, in particular, deals with language change at the level of 

speech sounds, namely, the directionality in speech sound assimilation. Simply put, 

assimilation is a process in which neighboring speech sound elements become more 

similar to each other in terms of different articulatory (e.g. lip rounding，vowel height) 

‘Th? famous statement "Nothing in biology makes sense except in the light of evolution" appeared as 

title of an essay by Theodosius Dobzhansky (Dobzhansky, 1973)，emphasizing the importance-of 

studying evolution, the historical development of biological species, in understanding the 

interrelatedness of various aspects of biology. We try to adopt this idea here to highlight the 

significance of studying language change in understanding synchronic language patterns. In fact, 

several decades ago, Wang (1974) already stated the importance of historical linguistics in studying 

speech sounds. 
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or phonatory features (e.g. Fo (fundamental frequency^) level, Fo slope). Intuitively, 

adjacent neighbors are the most natural candidate for speech sounds to assimilate to 

(i.e. contact assimilation). Interestingly, a variety of studies, more than that, report 

cases where speech sounds assimilate to other sound units two or more segments 

away from them (i.e. distant assimilation), e.g. vowel harmony in German 3， 

consonant harmony in Turkish. This dissertation, however, is limited to discussion of 

the former one. More will be reviewed in later sections. 

Depending on formality or constraints of communication situations, language 

speakers vary their speech along a continuum of hyper- and hypo-speech (Lindblom, 

1990). In formal or careful speech, speech elements are produced with enough 

contrast for listeners' accurate perception, e.g. different vowels are articulated with 

distinctive formant patterns; Fo contours contain enough Fo contrasts among the tonal 

inventory. Chance of mis-comprehension is thus rare. To convey the same meaning in 

a casual conversation scenario, or under circumstances where there is a tight time 

constraint, strategies like vowel reduction, the aforementioned speech sound 

assimilation or even syllable fusion are often observed. These all render the 

comprehension task more difficult for the listeners. In extreme situations where the 

listeners fail to perfectly perceive the speakers' intended message, sound chanpe may 

occur as a result (Ohala, 1981). 

2 For a signal with recurrent patterns, such as speech Waveform, the smallest repeating unit with period 

T is obtained. Fundamental frequency (abbreviated as Fo), expressed in Hertz (Hz) or cycle per second 
V. 

� (cps), is then obtained by taking reciprocal of it (i.e. Fq = 1/7). It is the acoustic correlate of our 
» % 

impressionist|c pitch, and thus a signal with higher Fo sounds with a higher pitch, and vice versa. While 

Fo carries contrasts at various levels in a linguistic system (e.g. syntactic accent�morphological accent, 

and lexical accent (Wang, J 972))，we only focus on the last one (i.e. lexical accent, or referred to as 

etymological tone in Chao (1933)), which is the Fq variation associated with individual morphemes to ( 

signal lexical contrasts. 

3 In German, plural forms of many nouns are derived from their singular forms by appending the suffix 

-e plus vowel fronting. E.g. Gast ‘guest，> Gaste 'guests', Fluss 'river' > Flusse 'rivers'. In both cases, 

the vowels in the singular form are fronted ([a] becomes [e] and [u] becomes [y] respectively) to 
become more similar to the front vowel [i] in the historical plural suffix -iz. This particular anti';ipatory ( 
vowel assimilation in German is also named umlaut by specialist in Germanic. 
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From the above introduction it becomes apparent that speaking rate is one of 

the factors behind sound change. This dissertation presents a multi-perspective 
* 

research with a pursuit along this direction to investigate the effect of speaking rate on 

directionality of speech sound assimilation. This dissertation consists of 7 Chapters 

and is organized as follows: Chapter 2 presents different studies related to the current 

research on topics like speech sound assimilation, temporal organization of syllable; 

Chapter 3 and 4 report results on segmental sound assimilation from various 

experimental perspectives including phonetic (Chapter 3)，corpus study and modeling 

(Chapter 4); Chapter 5 tries to extend the speech-rate phonetic experiments to tone 

assimilation phenomenon, though with partial success. Chapter 6 details a 

questionnaire survey on the undergoing mergers of two tone-pairs, namely, T2-T5 and 

T3-T6, in Hong Kong Cantonese. Finally, Chapter 7 concludes the whole dissertation 

and outlines direction for further explorations. 

* 
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CHAPTER 2 

LITERATURE REVIEW 
\j 

While phonological 'analyses assume concrete units of phonemes, speech sounds are 

fiill of variation when examined acoustically. Produced in isolation, sound segments 

usually show enough contrast to make it distinguishable from other units in the 

phonological inventory. However, when speech sounds are produced continuously, 

sound segments appear with much variation depending on their surrounding phonetic 

environment'^. Assimilation is a typical case of such context-dependent variation, 

being "the process by which two sounds that occur close together in speech become 

more alike.” (Trask, 1998, p53). Similarly, according to Laver (2000，p i76) , " . . . 

given the rate that segments follow each other in the stream of speech, that one 

segment may influence the articulatofy characteristics of segments yet to be spoken, 

or be influenced by those that precede it.，，More details such as typology of speech 

sound assimilation, as well as cross-linguistic examples will be presented in Section 

2.1. 

At a first glance, speech sounds influence each other both progressively 

(rightwards) and regr6ssively (leftwards), so is the directionality of ' speech sound 

assimilation. This intuitive conclusion, however, is disconfirmed by previous studies, 

where skewed frequency of occurrence with respect to the directionality of sgeech 

sound assimilation is reported. We suspect that this directional asymmetry is related 

4 Apart from the surrounding phonetic environment, there are yet more factors contributing to the 

tremendous amount of variations in speec i^^nals reaching our ears: inter-speaker (e.g. Fq range, 

， . intensity) , intra-speaker (e.g. time of the day (Garrett & Healey, 1987), emotion (Chuenwattanapranithi 

et o/., 2006)) and properties of transmission media (e.g. background noise level, frequency response 

characteristics of the transmission medium), just to name a few. 

广. 
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to a number of onset-coda asymmetries revealed in previous literature, which will be 

surveyed in Section 2.2; Section 2.3 reviews some consequences of varying speaking 

rate on temporal organization of syllabic. All the materials pFC^ented will then 

together lead to our current study. 

2.1 Direction of assimilation 
One of the major classifications of speech sound assimilation is based on its direction 

of operation. Consider two sounds Sg and Sb appearing successively in an utterance, 

progressive assimilation^ is said to occur if Sb becomes more like Sa. For instance, 

‘ English plural marker -s is pronounced as [s] or [z] depending on voicing feature of 

the final consonant of the base (e.g. [-s] for books and myths vs. [-z] for dogs and 

dolls); For regular English verbs, the past tense marker -ed is realized phonetically 
« 

following a similar logic as [t] or [d] (e.g. [-t] for laughed and walked vs. [-d] for 
、 » 

cleaned and saved). In both cases, voicing feature of the suffices -s and -ed changes to 

become more like their preceding sounds. 

Conversely, for cases where Sa instead becomes more like Sb, regressive 

assimilation is said to occur. In colloquial speech of English, have to becomes /haefta/ 

and in case becomes /iqkeys/ (Hill, 1955). /v/ in have is devoiced (to [f]) and /n/ in in 

is velarized (to [g]) to become more similar to the immediately following consonant; 

English prefix in- (meaning negation) appears as im- before bilabial consonants in 

words like impossible and immature. The alveolar nasal stop is changed to agree in 

labialization with its following consonant; Latin words eandem f rom eamdem, 

condere f rom comdere, and impar from inpar (Sadler, 1973), all have coda consonant 

of their first syllable changed to agree in POA (place of articulation) feature with the 

following consonant (i.e. onset consonant of the second syllable); Another widely 

cited case is a set of words developed from Latin to Italian: octo > otto ' e ight ' , noctem 

> notte ‘night，，and septem > sette ‘seven’. In each disyllabic word, stop consonant 

coda of the first syllable changes to become identical to its following consonant; In 

» , 

t ‘ 
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French, there is a well-documented case of diachronic vowel nasalization. 

Historically, vowels in many words (e.g. pain ‘bread’，hon ' good ' ) were nasalized 

before syllable-final [n] or [m] (i.e. regressive assimilation of nasality), and then the 

nasal consonants got lost later on. In all the above examples, changes occur on sound 
‘ V 

segments in an assimilatory manner due to influences from their following sounds. 

In the segmental assimilation processes listed above, articulatory gestures (e.g. 

lip-rounding, tongue and velum position) for sound segments appearing in succession 

to become more alike. The situation is similar in the supra-segmental domain such 

that phonatory configurations (realized acoustically as Fo trajectories) of adjacent 

syllables become more alike. In a classical study on tonal patterns of Tangxi, a Wu 

dialect, Kennedy (1953) reported a tonal pattern of disyllabic words in which "the 

original tone of the first syllable is spread over the two combined syllables’’ (Kennedy, 

1953, p369), e.g. ka^ [51]7 'artificial ' + sae [33] 'mountain ' to become ka-sae [53-31] 

‘rockery’，and dhu [24] ‘large，+ sae [33] 'mountain ' to become dhu-sae [22-44] or 

dhu-sde [22-24] ‘large mountain, . In both examples here, the original tone of the first 

syllable spans the total duration of the disyllabic word, as seen by observing initial 

pitch value of the first and ending pitch value of the second syllable of each disyllabic 

word; Historically, Gwari, a language spoken in Nigeria, has developed contour tones 

through assimilative process (Hyman & Schuh, 1974, p88): /okp^^ > [okpa] ‘length,, 

and /sukNu/ > fsuku] 'bone ' . In these examples, the low (of /ok/ in / 6 k p ^ / high (of 

5 It must be noted that the terms progressive and regressive assimilation are found to carry exactly the 

opposite meaning in some literature. Nevertheless, we adhere to the conventional usage of them in this 

dissertation (i.e. change in So as regressive and change in Sb as progressive). 

6 Diacritics appearing on top of vowels visualize tone of the corresponding syllable, e.g. a (level tone), 

合(rising tone), and S (falling-rising tone). 

7 The numbers enclosed in square brackets here are pitch values which, according to Kennedy's 

description, denote different pitches (from 1 to 5 in increasing order of pitch), while the precise 

, intervals between these points are immaterial. [51], for instance, represents a sharp fall in pitch. This 

scheme roughly resembles that of the tone-letter system first proposed by Chao (1930). 

8 In the literature, a different notation (from East-Asian languages) is used to mark tones for African 

languages: d (high level tone), k (low level tone), a (rising tone), and a (falling tone). 
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/su/ in /sukNu/) tonal feature spreads to the following syllable to yield a rising ([pa] in 

[6kpa]) / falling ([ku] in [suku]) tone. 

Apart from these, there are some more subtle yet acoustically detectable 

contextual tonal variations among neighboring tones in continuous speech，as has 

been demonstrated for languages like Thai (Gandour et al, 1994; Potisuk et al, 1997), 

Vietnamese (Han & Kim, 1974), Mandarin (Shen, 1990; Xu, 1997) and Cantonese 

(Liu, 2001; Chang, 2003; Wong, 2006b). According to these studies, these contextual 

tonal variations exist in both forward (rightward) and backward (leftward) directions. 

Despite some discrepancies on relative magnitude and nature of such contextual 

variations (e.g. assimilatory vs. dissimilatory) among these studies ^ , tonal 

assimilation exists progressively. To put it another way, in continuous speech, Fo 

contour of a (non-utterance-initial) syllable is affected by tone of the preceding • 

syllable in a way that its initial portion is raised by a preceding high tone, whereas 

lowered by a preceding Iom> tone. 

Before proceeding further, it must be noted that speech sound assimilation 

exists at different levels of language sound system. Some of them developed 

diachronically (e.g. Italian words developed from Latin, English in- prefix, and 

Tangxi tone-sandhi'®) and have been fossilized into the corresponding phonological 

systems. In contrast, others are optional (e.g. colloquial English speech examples 

from Hill (1955), and contextual tonal variations), selectively applied depending on 

the communication scenario. A test, though not perfectly accurate, may be applied to 

separate the two: In a scenario where language users are allowed to produce utterance 

slowly, formally and carefully, those diachronically developed assimilation rules (e.g. 

English in- prefix) still apply while those optional ones (e.g. contextual tonal 

variations) diminish to a considerable extent. 

• 

9 A survey of such discrepancies and some possible explanations are given in Wong (2007). 

The alternation of phonetic shape of adjacent tones when tones come into contact with each other in 

connected speech, not limited to assimilation. It is also named neutral intonation in Chao (1933). 

Interested readers are referred to Chen (2000) for an extensive list of such processes in'Chinese dialects 

as well as their analyses within several phonological frameworks, and to Wang (1967) for phonological 

features of tone, with an insightful application of it to formulate tone circle in Amoy Hokkien. 
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Cross-linguistically, the distribution of two types of assimilation based on 

directionality is observed to be quite skewed. More than half a century ago，an early 

report by Kent (1936) already concluded that ‘‘An examination of many examples of 

assimilation and dissimilation of consonants shows that the natural direction of t h e 

influence is regressive; I have attributed this to the fact that the thought of the speaker 

is ahead of his utterance, which tries to overtake the thought, but only at the expense 

of confusion in the order or the nature of the sounds uttered." (Kent, 1936，p258). 

Later on, numerous other scholars made a similar observation that regressive 

assimilation is much more abundant for segmental feature assimilation (Hill, 1955; 

Ohala, 1990; Steriade, 2001; Jun, 2004，among others). 

The aforementioned directional asymmetry can also be observed 

supra-segmentally. However, interestingly, the dominant pattern is in the opposite 

direction, mostly rightward (progressive). For instance, Hyman & Schuh's (1974) 

study of tone rules for West African languages reported that tone-spreading occurs 

dominantly from left to right (c.f. anticipatory spreading do exist in languages like 

Auchi and Mitla Zapotec, as mentioned in Maddieson (1978)), where spreading was 

defined as an assimilatory process. In another study (Zhang, 2005) on Chinese 

tone-sandhi systems, left-dominant sandhi systems (i.e. base tone of the initial 

syllable in a sandhi domain is preserved while other tones undergo sandhi, also named 

as first-syllable dominant type in Yue-Hashimoto (1987)) tend to involve spreading. 

In other words, in such tone-sandhi systems, the initial tone within a sandhi domain 

affects tones rightwards through spreading, which is assimilatory in na tu re" . 

Up till now, a number of examples of speech sound assimilation processes 

have been presented. Furthermore, the cross-linguistic directional asymmetry 

observed for such assimilation processes has been introduced (i.e. dominantly 

regressive for segmental features vs. dominantly progressive for tonal features). The 

next Section reviews some related studies which, we speculate, can assist in giving 

I ‘ Here, we do not neglect right-dominant sandhi system, which has abundant presence in southern Wu 

dialects. Yet, it must be noted that, right-dominant sandhi systems usually involve tonal processes not 

assimilatory in nature, such as default insertion, 
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explanation to such directional asymmetry, namely, temporal organization of 

syllables. 

2.2 Temporal organization of syllable 
Cross-linguistically, frequency of occurrence of consonants at syllable-initial and 

syllable-final positions is quite asymmetric: Among languages of the world, CV 

syllable (i.e. a syllable with a consonant only at syllable-initial position) is the most 

common type found, and is also the only syllable type present in all languages 

(Jakobson, 1966, p267). Some languages even do not allow consonants at the 

syllable-final position. To illustrate these observations, two languages, Cantonese and 

Japanese are mentioned here. Among the 19 consonants in Cantonese (Zee, 1991), 

only 6 of them (i.e. [p], [t], [k], [m], [n], [g]) can appear at the syllable-final position. 

According to a study of spoken corpora of Hong Kong Cantonese (Leung et al, 2004), 

87.71% of the syllables used in everyday speech begin with an onset consonant, while 

only 32.23% (34.9% according to Fok (1979)) of them end with a coda; A typical 

syllable in Japanese is of CV structure (e.g. hana ‘flower，，kagi ‘key’），except the 

alveolar nasal [n], which can be attached syllable-finally to form CVN syllables (e.g. 

san ' three ' ) . 

This differential status between syllable-initial and -final positions is also 

reflected in a cross-linguistic survey of 104 languages (Greenberg, 1978). At 

syllable-initial position, 90 languages among the surveyed 104 languages ( 8 6 . 5 4 % ) ‘ 

allow consonant clusters, while the number of languages is reduced to 62 (59.62%) 

for syllable-final position. Judging from syllable-initial posit ion's higher capacity to 

accommodate consonant sequences, that syllable-initial position is more suitable than 

syllable-final position is somewhat confirmed. 

According to Krakow's (1999) review of physiological literature on speech 

production, syllable-initial and syllable-final consonants behave quite differently in 

terms of their physiological settings. For example, alveolar stop consonants /t/ and /d/, 

are associated with greater area of tongue-palate contact (measured by a palatometer) 

at syllable-initial position (e.g. timid, deaf) than at syllable-final position (e.g. limit, 

fed)’ according to palatometer data; Velic lowering, which allows air to escape 

through the nose, making nasal sounds possible, is linked to different events 

depending on position of the nasal inside a syllable:. For syllable-initial /m/, offset of 

:.9 



velum lowering is closely linked in time with lip raising offset, while for syllable-final 

/m/, it is closely linked in time with lip raising onset instead. These observations 

exemplify that, f rom physiological measurements, syllable-initial and syllable-final 

consonants differ both in terms of intra-articulator organization and inter-articulator 

timing, 

Fujimura et a/.,s (1978) perception experiment confirmed that CV transition is 

perceptually more salient than VC transition. In their experiment, VCV sequences are 

synthesized such that conflicting information about the place feature of the 

intervocalic consonant is present in the stimuli. An utterance synthesized from /ab-/ 

and /-ga/, for instance, leads to consonant perception of /b/ if the VC transition (from 

/a/ to fhf) is more relied on, but perception of /g/ if instead the CV transition (from /g/ 

to /a/) is perceptually dominant. When presented these synthetic stimuli, subjects 

consistently made their consonant identification according to the CV,transition (with 

the above example, results are dominantly /g/). In order to eliminate the physical 

asymmetry from speech production factor (e.g. position-dependent different duration 

and slope of formant transitions), stimuli were played back in both forward (natural) 

and backward (reverse) directions. Even with this experimental control, subjects still 

identified the consonants according to the CV transitions (in the reverse playback 

condition, these transitions were produced in natural speech as VC transitions). 

After reviewing phenomena ofl speech segments across positions in a syllable, 

we proceed to tone, the supra-segmental component of speech. When tones appear in 

succession in continuous speech, their influences on the preceding and the following 

tones are not symmetric. The progressive effect is assimilatory, as mentioned before, 

while the regressive one is dissimilatory in nature. Also, more importantly, the 

magnitude of variation is much larger in the progressive direction than that in the 

regressive direction (Xu, 1997; Wong, 2006b, among others). 

Perceptually, tones also show position-dependent effect. With a split-syllable 

design, Wong ' s (2026^^2007) perception experiments confirmed that the second half 

of a syllable contributes m i l c K ^ ^ r e than the first half in perception of the associated 
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tone. To rule out the factor of intensity differences across portions of a s y l l a b l e 12，as a 

follow-up, Wong (2007) flattened intensity profile of the target syllables and 

presented them to subjects for tone identification. The same bias was consistently 

obtained, indicating an inherent perceptual bias towards the second half of a syllable 

in tone identification. 

So far, we have reviewed a number of studies related to syllable structure in 

human speech. These studies are from different perspectives, production, perception, 

physiology, etc,, yet they all demonstrate the complicated nature of a syllable: for 

segments, onset is more prominent than coda, for tone, the second half is more salient 

than the first ha l f ^ (Wong, 2007). Next we step forward to the speech rate-dependent 

behavior of a syllable. 

2.3 Rate effect on syllable organization 
Kent et a / . ' s (1987) report summarized maximum performance for a variety of 

measures related to speech production, e.g. maximum phonation volume, maximum 

vocal intensity, fundamental frequency range, maximum repetition rate. One of the 

conclusions made was that, the demand for ordinary speech communication all falls 

within the limit of their measures of maximum performance, with one exception, 

namely, the maximum repetition rate, expressed as either syllables/second or 

p h o n e s / s e c o n d In other words, ordinary speech communication may already be 

12 The general pattern is that the vocalic part, which often resides in latter portion of a syllable, is more 

sonorous. This uneven intensity profile pattern can be argued as the sole factor behind the perceptual 

bias observed in Wong (2006a), As a result, some further follow-ups like that in Wong (2007) became 

necessary. 

13 It is suggested that the first half is more salient than the second half in the falling tone case. Since 

Wong (2007) used Cantonese as the target language, which only contains level and rising tones, such 

opposite pattern about falling tone is yet to be verified. 

Kent et al.�s (1987) measure of maximum repetition rate mainly deal with performance limits of 

different articulatory organs like the jaws, the tongue, etc., in rapid syllable production. Along the same 

direction, Xu & Sun's (2002) study evaluated performance ceiling of human phonatory organs in 
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conducted at a maximum rate allowed by our physiological characteristics. At 

speaking rates faster than that, no matter due to whatever reasons, speakers either 

have to employ compensatory strategies to cope with the physiological l i m i t o r 

otherwise the speech production task cannot be accomplished due to failure in 

accurate temporal sequencing and coordination of different involved speech 

production organs. 

Tuller & Kelso's (1990) study revealed differential stability of consonants in 

prevocalic and postvocalic positions. In their speech production experiment, 

participants were requested to produce repetitively the utterances /ip/ (/ip-ip-ip-.../) 

and /pi/ (/pi-pi-pi-.../). Initially, utterances were produced at a slow speaking rate, and 

during a production trial (without breath), the experimenter signaled the subjects to 

speech up approximately 4 to 6 times. Acoustic speech signals, movement of glottis 

and lips, and intraoral pressure were simultaneously acquired during the speech 

production tasks. 

The major result was that upon speaking rate increases above a certain 

speaker-dependent threshold, phase relationship between glottal and lip movement 

changes such that the utterance Zip/ becomes to /pi/, while the utterance /pi/ remains 

the same, as /pi/. This physiologically detected phase transition'^ (from /ip/ to /pi/) 

was reconfirmed by a follow-up perception experiment. The observed shift from VC 

to CV sequence but absence of shift from CV to VC sequence in this study indicates 

that CV sequence is more stable. Formulated another way, at higher speaking rate, the 

consonant at coda position (C in VC) is possibly the earlier component (compared to 

consonant at the onset position) to change (due to failure of inter-articulator 

producing changing pitches. They arrived at a similar conclusion: the maximum speed of pitc'i change 

is often approached in speech. 

Also treated as part of the operating characteristics (OC) in speech mechanism (Wang, 1972). 

16 Phase transition is not unique to speech production. For bimanual periodic movements, such as 

finger wiggling, it is well observed that above a certain repetition rate, the bimanual coordination 

pattern always shifts abruptly from an asymmetric out-of-phase mode to a symmetric in-phase mode. 

Interested readers are referred to Kelso (1984). 
、 
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coordination or speakers ' intentional adjustment) to meet the corresponding higher 

physiological demand. 

From Gay ' s (1978) acoustic study, it is found that under high speaking rate, 

different components, namely prevocalic consonant, vowel, and postvocalic 

consonant, of a syllable contribute differently to utterance duration reduction. More 

precisely, vowels always show the largest proportion of durational reduction. While 

for consonants, the postvocalic consonants are reduced proportionally more in 

duration than the prevocalic ones. Taking Hong Kong Cantonese as the target 

language, Zee ' s (2002) study made a similar observation. When the syllable /sa55/’ 

for example, is produced under high speaking rate, whereas the consonant /s/ is 

reduced by 45.29%, the vowel /a/ is reduced by a larger ratio of 55.69%. These two 

acoustic studies are common in reporting the differential contribution among speech 

segments to the durational reduction of the whole utterance during high speaking rate. 

To summarize, this Chapter reviewed previous literature on speech sound 

assimilation, both for segmental and supra-segmental components. It has been shown 

that segmental assimilation is dominant regressively, while tonal assimilation 

progressively. Next, reports on asymmetries in temporal organization of syllable from 

different perspectives were introduced. Following that, results on temporal 

organization of a syllable under high speaking rate were reviewed. From these reports, 

we suspect that increased speaking rate leads to temporally asymmetric adjustment of 

syllable organization, which is in turn related to the directional bias in speech" sound 

assimilation. Our current study is to explore the possibility to establish a link between 

speaking rate and direction of of feature assimilation. While previous studies gave a 

general picture of differential adjustment of different parts of a syllable under 

increased speaking rate, we contribute by exploring more detailed dynamics of 

speakers ' strategies when the speaking rate is raised beyond their ordinary one. In 

particular, acoustic measurement will be made to detect such rate-dependent speech 

signal variation, which will be presented to subjects for perception tasks. Besides, 

comparative corpus studies will be carried out, supplemented by modeling elTort, to 

draw relevant empirical evidence from real-world languages. Results thus obtained, 

we expect, will lead to a convincing account of the observed directional asymmetries 

in speech sound assimilation, with a single factor speaking rate. 
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CHAPTER 3 

SEGMENTAL CHANGE -

PHONETIC EXPERIMENTS 

This chapter presents two phonetic experiments on the effect of speaking rate on 

segmental features. First a production experiment (Experiment 1) is conducted to 

elicit behavior of formant trajectories under different speaking rates. Following that, a 

perception experiment (Experiment 2) is carried out to verify the perceptual 

consequences of the obtained rate-dependent acoustic variations. 

Many features like nasality, voicing, labialization, etc., can take part in 

segmental feature assimilation, as exemplified in Section 2.1. In this study, we limit 

our scope of investigation here to first deal with stop place feature, namely, 

distinction between bilabial, alveolar, velar stops ([p], [t] and [k]). In particular, F2 

(second formant) movement becomes subject of our study since it has been 

demonstrated by Liberman et al (1954, 1957) that direction and degree of such F2 

transitions can serve as cues for stop consonant distinction 口. Experiment 1 examines 

stop place distinction manifested in terms of F2 movement. 

With these production data. Experiment 2 is conducted to imitate an ordinary 

speech communication situation under different speaking rates: Participants in this 

As shown by Lisker (1986), a list of 16 acoustic feature differences can be listed for the voicing 

distinction between the pair rapid-rabid. Similarly, we do not claim F2 transition as the only feature of 

stop place. In fact’ apart from formant transitions, Wang's (1959) study revealed that, in English, the 

release associated with syllable-final stops serves as a salient perceptual cue to stop identification. 

However, it must be noted that in Cantonese, our subject language, syllable-final stops are up/eleased 

(Zee, 1991). Consequently, Fj transition plays an even more dominant role in coda stop identification. 
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experiment will be required to identify utterances f rom Experiment 1. Test results will 

be matched against the target sentences presented to subjects to relate speaking rate 

and listeners' identification performance. Cantonese is chosen as our target language. 

Results obtained in our study supposedly reflect physiological and perceptual 

constraints of language users in general (known as operating characteristics (OC) in 

Wang (1972)) and is expected to be applicable to other languages. 

3.1 Speech Production - Experiment l'« 
Aim of the current experiment is to elicit second formant (F2) transition trajectories of 

different intervocalic stop consonants. With different speaking rate conditions, this 

experiment will (1) demonstrate rate-dependent bias in F2 movement, and (2) provide 

data for the subsequent perception Experiment 2. 

Material 
In this experiment, there are two consecutive target syllables Si and S2, embedded 

sentence-medially in the carripr test sentence is ngo5'^ soeng2 maai5 S^ §2 neiJ zekJ 

zau2 ‘I want to buy the wine named 各丄 S^', where S | is one of the three syllables laap6 

‘to stand' [lap], laat6 ‘spicy，[lat], laak6 ‘to tighten’ [lak], and S2 one of the three 

syllables baa I ‘bus，[pa], daal 'a dozen ' [ta], gaal 'p lus ' [ka]. With this design, 

formant transitions due to different stop place specification (as either bilabial [p], 

alveolar [t] or velar [k]) at both syllable-initial and syllable-final positions can be 

compared, and their mutual influence, if any, can be examined. The same long vowel 

[a] is used for both target syllables to minimize vowel-dependent formant variations 

(Peterson & Barney, 1952). Possible bias from the lexicon is minimized through the 

use of bigram S1-S2, where all the nine combinations of it carry no meaning in 

18 Part of the results reported here appeared previously in Wong (2009a). 

19 Unless otherwise specified, Jyutping (LSHK, 1997)，romanization system adopted by LSHK 

(Linguistic Society of Hong Kong) is used to transcribed Cantonese. Syllables in Jyutping are 

expressed by concatenating segmental and tonal labels, for instance, baa I 'father' refers to a syllable 

baa ([pa])„ associated with T, (high-level tone): Note that their system labels the three traditional 

entering tones, from high to low pitch, as T|, T3 and Te respectively. 
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Cantonese. Both the lateral consonant [1] from Si and the nasal murmur associated 

with post-target neil provide characteristic acoustic landmarks for accurate and 

objective segmentation. There are altogether (3 coda stops) x (3 onset stops) = 9 test 

sentence combinations. Note that all the syllables for S| and S2 are of an identical tone 

(丁6，mid-low level tone for S| and T | , higli-level lone for S2). 

Recording procedure and data extraction 
Five native Cantonese speakers (5M) were recruited to take part in the speech 

production task. Recording sessions were conducted in a quiet room, with a SONY 

ECM-MS907 electret condenser microphone. During the recording sessions, each of 

the test sentences was produced at various speaking rates for 20 repetitions (10 for 

data analysis, remaining 10 as spare). We had four levels for the speaking rate factor 

in this experiment. To control the speaking rate, a series of pace-keeping clips were 

played back to subjects during the course of recording. These clips consisted of a 

chain of ‘‘ding，，sounds linked up by silence intervals of fixed durations (from 500ms 

to 2000ms, in the step of 500ms). Subjects were instructed to make their best effort to 

articulate the presented test sentences within those silence intervals. Each subject thus 

had to produce (3 coda stops) x (3 onset stops) x (4 speaking rates) x (20 repetitions) 

= 7 2 0 utterances to complete the task. Recordings were done with PRAAT (Boersma 

& Weenink, 2005), at a sampling rate of 22.1kHz. Utterances thus obtained were fed 

into the same software for segmentation, which was based primarily on formant 

patterns (such as the aforementioned nasal murmurs), with the aid, if necessary, f rom 

intensity profile fluctuations also. Then a P R A A T script had been coded to obtain 

formant values f rom the segmented utterance portions. Twenty samples at 5% 

temporal steps were extracted per portion. 

Results and discussion 
Figure 3.1 plots durational measures, across different speaking rates, of three 

segments relevant to the current experiment, namely (1) F2 for Si, (2) the silence 

portion between Si and S2, and (3) F2 for S2. For each segment, duration surfaces as a 

strictly increasing series (e.g. 119ms, 141ms, 163ms, 177ms for the first segment 

f rom fast to slow speech) as speaking rate decreases (from 500ms to 2000ms 
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conditions), indicating that our pace-keeping clips served their role well in regulating 

subjects' speaking rate. 
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Figure 3.1: Durational measures for 3 segments (F2 for Si； silence portion betveen Sj 

and S2； F2 for S2) obtained after segmentation. 

Following this, F2 trajectories for the target syllable bigram S1-S2 across 

different intervocalic stop combinations and speaking rate conditions (500ms, 

1000ms, 1500ms, and 2000ms) are plotted in Figure 3.220. Each curve results from 

averaging 10 repetitions. The general pattern of these F2 trajectories is to start at a 

narrow range of formant frequencies, diverge when approaching offset of Si (VC 

formant transition due to coda consonants), appear to come from a wide range of 

frequencies (CV formant transition due to onset consonants) at S2 onset and finally 

converge again. 
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20 The plots are based on data of Subject 1. Unless otherwise stated, all following relevant description 

and discussions are applicable to data from ail the subjects. 
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Figure 3.2: Consonantal perturbation of F2 trajectories for different S1-S2 

combinations across speaking rates. Data points are plotted time-normalized. 
0 

We may gain some insights into differences between onset and coda 

consonants by comparing the VC and CV transitions. Here we take the 1500ms 

condition (in Figure 3.2c) as an example for the following discussion, since the 

corresponding speaking rate approximates common conversation scenario the most. 

Depending on coda consonants, F2 frequency terminates at Si offset from 918.34Hz 

{lap-pa) to 1329.51Hz (lat-kd), spanning a range of 411.17Hz. At S2 onset, the 

corresponding range of initial F2 frequency is 454.84Hz, f rom 964.65Hz {lat-pd) to , 

1419.49Hz {lat-ka)\ F2 contours in S | overlap up to approximately 75% of the total 

duration before they diverge, while the non-overlapping proportion of F2 contours in 

S2 can be seen to be larger, going about 50% into vowel of S2； Terminal F2 frequency 

at Si offset, sorted in ascending order, is lap-pa < lap-ta < lat-pa < lak-pa < lak-ta < 

lap-ka < lak-ka < lat-ta < lat-ka. Roughly speaking, contours with bilabial stop /p/ as 

coda (Jap-pa, lap-ta and lap-ka) end lower while the remaining ones with /t/ or fk/ as 

coda end higher; Compared to the VC transition, clustering pattern of CV transition is 

much clearer.' The series, in ascending order of initial F2 frequency at S2 onset, lat-pa 

< lak-pa < lap-pa < lat-ta < lap-ta < lak-ta < lak-ka < lap-ka < lat-ka, clearly shows 

three groups of contours depending on the onset consonant associated with S2. 

Specifically, F2 contours with /p/ as onset begin at the lowest value, followed by those 

with /t/, and finally those with /k/ as onset, agreeing with results by Ohman (1966) on 

the voiced series. 

Essentially, CV transitions show a clearer clustering pattern than VC 

transitions, and this i s � t r u e across all speaking rates. Upon closer examination, 

however, relative ranking among different F2 trajectories are observed to vary across 
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speaking rates. To facilitate comparison, we numerate the rankings with numbers 

from 1 to 9，corresponding to items with the highest value to the lowest value. VC 

transitions for the 500ms condition, for instance, are in the descending order of lat-ka 

> lak-ka > lat-ta > lak-ta > lap-ta > lap-ka > lat-pa > lap-pa > lak-pa. In such case 

lat-ka is assigned ar ranking score of 1 while lak-pa 9. 

With the aforementioned ranking scheme, we proceed to study the effect of 

speaking rate on F2 movement by comparing average ranking scores with different 

factors fixed, as shown in Figure 3.3. First, Figure 3.3b plots the average ranking of F2 

• trajectories at CV transition (i.e. onset of S2) given different S2 onset consonants. The 

plot shows that average ranking of F2 contours is almost constant under different 

“ s p e a k i n g rates, that CV transition with [p] as S2 onset (i.e. lap-pa, lat-pa, lak-pa) starts 

at the lowest value (average ranking of 8)，while that with [k] (i.e. lap-ka, lat-ka, 

lak-ka) the highest (average ranking of 2). This correctly reflects the clear and 

non-overlapping clustering pattern at the CV transition portion, as previously shown 

in Figure 3.2; Figure 3.3a plots the average ranking of CV transitions given different 

Si coda consonants. The rankings centre around 5, with crossings among individual 

conditions. Taking Figure 3.3a-b together, we may conclude that speaking rate has no 

obvious effect on CV transition under our current experimental settings. 

9 1 9飞 
8 8 ii, 
7 7 

1.6 I 6 , 
2 S 尹‘' ^ - - - " - f - " * 2 5 
& 4 - S. 4 
a 3 $ 3 

，< < 
2 2 A-" — — —— —— -"A- - —- —. — — 
1 • 1 
0 p - — —I A k 0 p - - -I A k 

500ms 1000ms ISOOms 2000ms 500ms 1000ms 1500ms 2000ms 
Speech ra te cond i t i on Speech ra te cond i t i on 

(a) Avg. CV ranking | S\ coda (b) Avg. CV ranking | S2 onset 
、 

19 
: . • * 



9 9 
8 8 

7 • • 7 • 
| o I s 〜 -

“ 一 ！ S 

I 4 * * & 4 一“ 

i 3 丨 §3 * 一一一 

““2 “ 2 
1 1 
0 — — P - — —I k 0 p 1 ~4.— k 

SOOms 1000ms 1500ms 2000ms 500ms 1000ms ISOOms 2000ms 
Speech ra te cond i t i on Speech ra te cond i t ion 

(c) Avg. VC ranking | Si coda (d) Avg. VC ranking | S2 onset 

Figure 3.3: Average rankings of CV (3a-b) and VC (3c-d) transitions with different 

� factor of interest. 
• 

Next, Figure 3.3c-d show respectively average rankings of VC transitions with � 

respectively different S | coda (Figure 3.3c) and S2 onset consonants (Figure 3.3d). 

Figure 3.3d is particularly interesting: As speaking rate increases (from 2000ms 

condition to SOOms Conditions), p y h w e H n g is observed for tokens with [p] as S2 

onset (i.e. lap-pa, lat-pa, lak-pci)’ F2-raising instead for tokens with [k] as S2 onset (i.e. 

lap-ka, lat-ka, lak-kd). Recall from Figure 3.3b that [p] onset is associated with the 

lowest F2 while [k] onset the highest F2, Figure 3.3d seems to suggest that as speaking 
« 

rate increases, VC transition is regressively influenced more and more prominently by 

the following consonant (i.e. S2 onset in this case). Conversely, f rom Figure 3.3a-b, 

progressive influence is not observed for a preceding consonant on the following CV 

transition. Simply put, an asymmetry is observed here that for two consecutive 

consonants in speech, as speaking rate increases, it is the second consonant which 

exerts larger and larger effect on the first consonant. In other words, the first 

consonant is more readily reduced in such situation. 

3.2 Speech Perception - Experiment 2 
Ladefoged & Broadbent (1957) pioneered to study the contextual effect of a carrier 

sentence on speech perception. Depending on form ant frequency settings of the 

carrier sentence, a fixed target word yielded different perception. Later on, scholars 

extended the paradigm to supra-segmental domain of human speech. Numerous 

speech perception studies (Lin & Wang, 1985; Wong, 1999; Wong & Diehl, 2003; 

among others) reported that context is heavily relied on in tone perception. Parallel to 
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perception of segments, the target syllable was perceived to be associated with tonally 

different as Fo level of the carrier sentence alone was raised / lowered. 

The influence of context on the target probably reflects our perception 

system's effort to restore the linguistic message intended by speakers. Miller et al. 

(1986) reported such an effort in speech rate normalization. It is widely attested that as 

speech slows down, voice onset time (VOT), the primary acoustic cue for voicing 

distinction, increases. In their experiments, the perceptual boundary in V O T for 

voicing distinction w a s � f o u n d to be larger when subjects were presented with slow 

speech, compensating for the rate-induced production bias. Equally, listeners have to 

possess the strategy to remove voice pitch variations of individual speakers. In several 

speaker normalization studies (Leather, 1983; Moore & Jongman, 1997)，Mandarin 

subjects adjusted their identification responses of the target words according to the 

carrier sentences with Fo manipulated to reflect different speaker characteristics. 

In extreme conversation scenario where a target linguistic unit is masked for 

some reasons, there is still the possibility for one to recover the masked target, as 

demonstrated by the pioneering work on phonemic restoration by Warren (1970). In 

their listening experiment, part of the speech sample was replaced with a segment of 

cough, and presented to subjects for identification of the position of the sound 

replacement. Surprisingly, majority of the subjects did not report any missing sound 

and that they could not identify accurately position of the cough. In the 

supra-segmental domain, we conducted tone perception experiments (Wong, 2008)， 

successfully eliciting subjects ' ability for ‘tonemic restoration，. 

The aforementioned studies all point to the same capability of the human 

perception system to make use of various cues to remove acoustic variations due to 

context, recovering the linguistic units intended by speakers. This observation highly 

relevant to our study: There are certainly numerous acoustic features co-varying with 

the formant lowering / raising as found in Experiment P ' . If human perception system 

21 Although our emphasis in Experiment "1 is on F2 variations, there must be various other acoustic cues 

co-varying with F2 across speaking rates. Lisker (1986) set a good example demonstrating this acoustic 

co-variance in human speech. While the pair rabid-rapid differ from each other minimally in the 

:.21 



can accurately recover the stop consonants from those co-variances, it is just another 

instance of speech rate normalization, without much contribution to sound change. 

Following that, a corresponding perception experiment is necessary to verify this 

conjecture. 

Methodology 
To preserve all the possible co-varying acoustic cues in the speech signal, we make 

use of the speech tokens obtained from Experiment 1. From each subject in 

Experiment 1，one token was drawn randomly from each condition. Altogether, we 

got 180 tokens (5 speakers x 9 coda-onset combinations x 4 speech rates) for the 

current perception test. We had considered making use of more repetitions to better 

elicit listeners' performance when presented a particular stimulus, but finally 

abandoned the idea as doing so would lead to the undesirable subject fatigue. To 

minimize possible influence due to intensity variation across different subjects / 

tokens, all the sound samples were intensity-normalized to 80dB. 

Nine native speakers of Cantonese (6M3F) participated in the experiment. All � 

of them did not take part in the production experiment (Experiment 1) leading to the 

current set of stimuli, and thus had no bias from listening to their own voice. The 180 

‘ tokens, grouped in a randomized order into 20 blocks of 9 tokens, interleaved with 

silence interval of 1.5s (i.e. ISI = 1.5s)，were presented to subjects for character 

identification task. The experiment was carried out in a quiet venue, with speaker 

volume tuned to a comfortable level. The participants were requested to identify the 

two target characters (S i and S2) in the stimulus sentence “ngo5 soeng2 maai5 S/ S2 

neil zek3 zau2^'' ‘I want to buy the wine named Si S2，by marking the corresponding 

Chinese characters on an answer sheet. Six characters (three for coda combinations 

. ( i . e . Iaap6’ lacU6, laak6), the remaining three for onset combinations (i.e. baal, daaJ, 

gaaiy) were given as choices for each question item. 

» 

phonological feature of voicing, the author argued that as many as 16 acoustic features can contribute 

to their contrast, like Fq contour and duration of closure. 
4 

‘ 22 



Results and discussion 
Figure 3.4 shows the resulting error rates of the target coda and onset identification. 

For coda identification, the error rate drops f rom 42.72% to 34.07% when speaking 

rate decreases from 500ms to 1500ms condition, and rises again for the even slower 

2000ms condition. For onset confusion, the error rate fluctuates between 4.44% and 

9.38%. Comparing the two target consonants, error rate is much higher for coda than 

onset, which is a compatible consequence from the clearer clustering pattern of onsets 

(compared to codas) as observed in Experiment 1. 

45% 
40% - • • 

30% - I • • 
卷 25% … _ _ • • 

20% - • 

15%- 1 ： I "coda 
“ 1 0 % - • . m ^ • m ^ • onset 

, t i j t l 
500ms 1000ms 1500ms 2000ms 

Speech rate condition 

Figure 3.4 Error rate of consonant identification. 

A grouping of identification errors according to individual consonants reveals 

that consonants at onset and coda positions are considerably different. For consonants 

at the coda position, error rate follows the order of the target coda consonant being p 

(22.96%) < t (43.89%) < k (50.00%). For onset identification, 98.26% of the 

identification errors go to the case when the target onset consonants were p- (9.63%) 

and t- (11.30%), and there are merely only two errors (0.37%) obtained if the target 

onset is The outstanding performance of k- onset can be attributed to its relatively 

distinct F2 onset, as exempiified in Figure 3.2. 

Next, we conduct a further analysis by breaking down the identification errors 

into different types, namely, total assimilation and partial assimilation. Figure 3.5a 

shows the effect of speech rate on proportion of the two types of regressive 

assimilation. Total regressive assimilation here refers to the case when the coda 

consonant is erroneously perceived to be identical in POA to the following onset 

consonant, e.g. laat is perceived as laap when followed by p- as in the token laat-paa\ 
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Partial regressive assimilation refers to the case when the coda consonant is perceived 

to be more like the following onset consonant in POA, There are only two cases for 

this category: (1) -p is perceived as when followed by k- (in the token laap-kad), 

and (2) -k is perceived as -t when followed b y p - onset (in the token laak-pad). Both-

cases involve the shifting of the perceived POA towards that of the following onset 

consonant. 

• partial regressive • total rogratslva Qal l types • p a r t i a l progressive • total progresilve • all types 

舰11 MM 
SOOmi 1000ms ISOOmi 2000mi 500ms 1000ms ISOOms 2000mt 

Speech rate condition Spccch rate condit ion 

‘ (a) regressive assimilation (b) progressive assimilation 

Figure 3.5 shows the rate of total / partial regressive assimilation 

The proportion of total assimilation in Figure 3.5a is shown to increase f rom 

43.05% to 61.85% when speaking rate goes up from 2000ms to 500ms condition. This 

shows the conclusion f rom Experiment 1 that rapid speech enhances regressive 

assimilation is also valid in the perceptual domain. The instance of coda confusion 
•4 

classified as paitial assimilation is much smaller in number than total assimilation. 

The figure decreases from 13 (8.61%) to 7 (4.05%) as speech rate increases. This 

apparent contradiction to the results of total assimilation, however, is readily 

explainable by considering also figures summing all the assimilation types: The 

aforementioned increasing trend (as speech rate goes up) still persists (from 51.66% 

to 65.90%). Some of the coda consonants are perceived more like the following onset . 

(as reflected as partial assimilation), but as speech rate increases, regressive 

assimilative effect becomes more prominent such that some of the partial assimilative 

cases become the total assimilation instead, leaving a smaller number in the partial 

assimilation class. 

Since only three choices are available to subjects for consonant identification, 

there is a 50% probability that a perceptual confusion is classified as total assimilation. 

The expected rate is thus approximately 50% when the answer was obtained by pure 

:.24 



random guessing. Taking this figure into consideration, regressive influence is in fact 

quite insignificant when the speaking rate is slow (conditions 2000ms and 1500ms), 

where the rate is 51.66% and 55.07%, merely slightly over the by-chance level. 

Similarly, Figure 3.5b shows the picture for progressive assimilation. 

Interpretation of total and partial progressive assimilation here is the same, 

depending on whether the erroneous perceived onset is totally or partially identical to 

the following onset consonant, laap-kaa perceived as laap-paa and laap-kaa 

perceived as laap-taa are respectively examples of these two types of assimilation. 

Compared to regressive assimilation in Figure 3.5a, there is no clear pattern of speech 

rate-dependence. Besides, it must be noted that the number of onset identification 

errors is much smaller than that at the coda position, with a ratio of about 5.5 : 1，such 

that the percentages are less representative. 

In the perception experiment, subjects, though presented with the reported 

formant trajectory variation, as well as other co-varying acoustic cues, cannot fiilly 

recover those stop consonants (especially codas). In another communication round，if 

the inaccurately perceived consonant is adopted by the current listeners, a minute 

sound change will have occurred. With iterations of such minute changes, a 

phonological change (regressive assimilation) may finally emerge. 

Empirically, previous studies on secret languages hinted some indirect 

evidence of such rule in Hong Kong Cantonese. Chao (1931) reported an extensive 

survey of secret languages (i.e. Fanqie-yu) in various Chinese dialects, detailing the 

basic construction rules as well as additional language-specific idiosyncrasies. Chao 

suggested an important reference value in studying those secret language construction 

rules to studying the phonology of the host language. E.g. Fanqie-yu also follows 

phonological processes in their host language in Beiping fanqie-yu: When the 

fanqie-yu target are a sequence of two syllables of tone-3, the first tone-3 changes to 

tone-2, following exactly the tone-3 sandhi rule in Mandarin. 

In Cantonese 's case, Tse (1979) discussed Mang-gong-wa (MKW) (a type of 

fanqie-yu) in Cantonese. Interestingly, some of the M K W words undergo a regressive 

assimilation before its phonetic realization. The word pin ‘side，’ for instance, is 

translated to lim-pi, instead of lin-pi according to the original rule. The alveolar coda 

-n is regressively assimilated to the bilabial coda -m before realization. Several 
9 

parallel examples were given, all demonstrating the same phenomenon. 
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Combining these two studies, it can be induced that regressive assimilation 

observed in M K W may not be an idiosyncratic case, rather it reflects the speakers' 

internalized phonological rules (i.e. regressive assimilation) in its host language. In 

other words, regressive assimilation is possibly a fertile rule in Cantonese. 

3.3 Summary of findings 
We reported two phonetic experiments in this Chapter. The production experiment 

(Experiment 1) investigated the effect of speaking rate on acoustic properties of stop 

coda and onset consonants. It was found that as speaking rate increases, stop codas 

become more and more regressively assimilated to the following onset consonant, as 

reflected in the inflection of F2. 

Following that, our perception experiment (Experiment 2), making use of the 

natural tokens from Experiment 1，demonstrated significant regressive assimilative 

effect when speech rate goes up. Listeners could not recover the original coda 

consonants even though there are many acoustic cues co-varying with the 

rate-induced phonetic variations in F2. 

Combining results from the two experiments, we have demonstrated i:nder a 

laboratory setting an instance of sound change: the rate-induced phonetic variations 

from production propagate to the listeners, leading to eventually a categorical 

perceptual error. If the wrongly perceived coda consonant is used when the listener 

plays the role of speaker in another communication round, a small sound change will 

occur. 

In the following chapter, we continue to find empirical evidence for such 

regressive assimilation change, by a series of analyses on spoken corpora of Hong 

• Kong Cantonese. ‘ 
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CHAPTER 4 

SEGMENTAL CHANGE -

CORPUS STUDIES 

As reviewed in Chapter 2, it is widely reported in the literature that, 

cross-linguistically, segmental feature (e.g. voicing, place of articulation) assimilation 

among successive consonants show a strong bias in its directionality, namely, a 

stronger trend to observe regressive (e.g. labialization into -m when -n appears before 

a labial onset consonant in Japanese) than progressive (e.g. voicing of English plural 

marker s depends on voicing feature of the final consonant of the base) assimilations 

(Kent, 1936; Hill, 1955; Ohala, 1990，among others). 

The reasons underlying such asymmetry have been explored in previous 

literature from various perspectives like physiology (Krakow, 1999), production 

(Tuller & Kelso, 1990), and perception (Fujimura et al., 1978). In essence, these 

reports investigated internal organization of syllable and all concluded with a 

common theme that onset and coda consonants are handled differently along the 

speech production-perception pathway. 

Experiment 1 and 2, under a laboratory setting, demonstrated the assimilative 

influence of neighboring consonants in continuous speech and that it is much more 

likely that coda consonants change in response to the following onset consonants than 

the opposite case (i.e. onset consonants being progressively assimilated by the 

preceding codas). In the experiments, speech rate was manipulated resulting in 

different degrees of place assimilations. As speech rate fluctuation is omnipresent in 

spontaneous speech, we find investigating spontaneous speech data a good testing 

ground for verifying empirically the experimental results. 

We report in this Chapter a series of corpus analyses on a spoken corpus of 

Hong Kong Cantonese (HKC) to study variation pattern in consonant assimilation. A 
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corpus study covers a much larger pool of data under a much wider range of phonetic 

contexts than those elicited under tight experimental control. If, after inclusion of so 

many factors which are present in the spoken corpus, the aforementioned directional 

asymmetry still holds, we can then be more confident in believing that the directional 

asymmetry suggested by Experiment 1 and 2 indeed underlies the human speech 

production mechanism. Experiment 3 and 4 detailed below give such empirical 

evidence in spontaneous speech in Hong Kong Cantonese. 

4.1 Synchronic study - Experiment 3 2 

Material 
The corpus we used in this study was Hong Kong Cantonese Adult Language Corpus 

(HKCAC) (Leung & Law, 2001)23. It contains phonetically transcribed data of more 

than 8 hours of phone-in programs and forums on radio, from 69 (not counting 

program hosts) native Hong Kong Cantonese speakers. These radio programs 

spanned more than one year, from November 1998 to February 2000. Totally, 

141,149 tokens were recorded in the database, much larger than an earlier similar 

attempt (Fok 1974, 1979). 

The corpus was transcribed by two female university graduates from the 

Chinese and Bilingual Studies Department at The Hong Kong Polytechnic University 

(Law, personal communication). They did the phonetic transcription while listening 

to the tape recordings. Ten percent of the transcription was later on randomly selected 

by the project investigators for cross-checking. In case of disagreement, the 

investigator and the transcriber listened together to the audio playback and resolved 

the difference. 

The resulting corpus contains phonetic and orthographic transcriptions of the 

recordings. The transcription data are stored in lines, where each line roughly 

corresponds to an utterance. Each line is further divided into syllables, for which IP A 

22 Results of this experiment has been partially reported in Wong (2010). 

23 Phonetically transcribed data are available online at http://shs.hku.hk/corpus/index.htm. 
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symbols are provided denoting the segmental and tonal composition, with the 

corresponding Chinese characters, whenever possible, listed directly below. Besides, 

other information such as the radio program title, gender of the speaker, and the 

speaker's role (i.e. program host vs. phone-in audience) are also provided. 

Since the corpus text was originally accessible in Microsoft Excel format, we 

chose Excel as the tool for analyzing them. Specifically, Visual BASIC for 

Applications (VBA) programs were coded for data collection and analyses. 

Coda confusion 
We focus on coda variations in HKC spontaneous speech in Experiment 3-1. Here we 

limit our search to the six stop codas^^ in HKC, namely -p, -/，-k, -m, -n, -rj. We extract 

from the database all the characters having one or more variants with codas within the 

above set. The character 發 ‘to expand', canonically pronounced as / f a 改 is found to 

have instances in the corpus to be produced without a coda (i.e. [fa^^]). Conversely, 

the character 做 ‘to do’ has a lexical pronunciation of /tsou^^/ (no coda). However, it 

has tokens in the corpus transcribed with pronunciation ending with -k ([tsok^]) and 

'13 ([tsog ])• Under our current selection criteria, these two characters are included in 

our analysis. 

There are altogether 1,257 characters having tokens with coda consonants. 

Among them, 220 characters have coda variants, ranging from two ( e . g .各 ‘each’ 

appearing as [kok^] and [kot^]) to six (e .g .我 ‘1，having tokens with all the six codas) 

variants. Table 4.1 lists the type and token frequency of characters with two coda 

variants. Each cell shows the type and token frequency (enclosed in brackets) of 

characters having coda variants with the codas indicated by the row and column 

indices. 

These six consonants are lexical codas, while the glottal stop coda [-?], though with negligible token 

frequency, were also recorded in the HKCAC corpus. 
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-t 3 • 
(149) 

-k 7 45 
(189) (10141) 

-m ‘ 1 
, (23) (303B) ( 4 0 4 ) 
-n 8 1 14 

( 1990 ) (528 ) (742) 

- n c > 8 I 83 
b (8) (1064) (245) (7752) 

Table 4.1: Type and token frequency of characlcrs having two coda variants. 

The ccll, for instance, located at the intersection of the row marked ‘‘-t” and the 

column '‘-k,’ indicates that there are 45 characters (with a total of 10,141 occurrences 

in the corpus) having two coda variants, (i.e. -t and -k). The coda variations in Tabic 

4.1 can be classified into three types. The first is variation with respect to place of 

articulation (POA), e.g. variant pair {-k, -p) and (-m, -rj). The character, for instance, 

能 ‘can do' has tokens transcribed as [lam~'] and [laq^'j in the corpus. The sccond 

type is variation across the nasality boundary. There are three such variant pairs, 

namely (-m, -p�’ {-n, - / )， a n d ( -仏 - k ) , with the minimal contrast that the first one is 

nasal, while the second oral. The last type includes all the remaining variations, like 

(-W, -k), which awaits further investigation for the underlying patterns. 

The primary observation is thai arc coda variations are more frequently seen in 

terms of POA than nasality, as observed in the far much larger figures in the 

corresponding cells in Table 4.1 (total frequency of 153(19,21 8) vs. 1 7 ( 3 , 0 7 7 ) ) . Next, 

among such variations in POA, oral stops (-p, -t, -k) are more prone to confusion than 

nasal stops (-/w, - / ? ， T h i s result gives empirical support to the perceptual 

25 Total type(token) frequency of the confusion among oral slops (-/?, -/，-k) and nasal slops (-w, -n, -rf) 

arc 55(10,479) and 98(8,739) respectively. Apparently, the frequency data show contradictory results, 

with oral slops / nasal stops being the more frequent ones if token frequency / type frequency is 

compared. However, the picture becomes dearer if we also lake the total frequency of these stops into 

consideration. From the corpus report (Leung et al., 2004’ p503), nasal stop tokens (32,692) are 

approximately 2.5 times that of oral stop tokens (12,793). In other words, nearly 81.9% of the oral stop 

tokens in the corpus are not uniquely pronounced. With the same line of argumenl, oral stop coda 
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experiment results Irom Chen & Wang (1975). This bias is explainable in terms of 

their physical properties, summarized as “…the only perceptual cue for (oral) stops is 

the formant transition. Nasals; on the other hand, have spectral properties similar to 

those of vowels, and can be identified by means of their formant distribution (like 

vowels) as well as by virtue of the formant transitions (like plosives)." (Chen & Wang， 

1975, p270). 

After obtaining this basic pattern of coda variation, we proceed to study the 

underlying factors behind it. From Experiment 1 and 2’ it was found that onset 

consonants have considerable regressive influence on their preceding codas. We thus 

follow this result to investigate from the spoken corpus the effect of a lb 1 lowing 

consonant on coda variation we obtained so far. 

To conduct the investigation, we extract all the character tokens with slop-coda 

deviants from the lexical pronunciation, with the following segment. An example here 

may illustrate the idea, the character 牛寺’ with lexical pronunciation of / lak- / , is 

observed to have deviant transcriptions of [ tap- ] (in 特別 ' s pec ia l ' ) and f la t - ] (in 特 

登 'del iberate ' ) , differing in terms of lhe coda consonant (-/? and -/). These two tokens 

are thus included in the current investigation. With such selection criteria, a total of 

1,368 tokens arc collected for data analysis. Figures 4.1a-f plot the token frequency 

(y-axis) for -p, -/, -k’ -w, -/; respectively, with the coda-onset consonant sequence 

combination shown on the x-axis. For example, there are 39 tokens of coda consonant 

-P followed by another p- (as onset of the following syllable). Tliey arc labeled as -pp-

in Figure 4.1 a.^the aforementioned token 特別 [ t a p � i t ^ l is also counted here) and 9 

occurrcnces of an un-aspiraled voicelcss velar slop coda followed its aspirated 

counterpart {-kk^- in Figure 4.1c). 

> 

— - - - • - _ I _ t 

(frequency of 12(7,503)) is again observed to be more prone to confusion than nasal stop (frequency of 

13(7,084)) in token pool with 3-coda variants. 
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(e) onset consonants following -n (f) onset consonants following -tj 

Figure 4.1: Token frequency of different coda-onset consonant sequence 

combinations: a-c (oral slops -p, -,’ -k); d-f (nasal codas -m, -"’ -tj). 

The first emerging pattern here is the regressive clTect of POA. The most 

frequent coda-onset combinations Irom those six figures are respectively -pp-, -tts-, 

-kk-, -mm�-nn-, -ijk-. The coda consonants from these deviant tokens all agree in 

terms of POA with its following onset consonant. Four of them {-pp-, -kk�-mm-, and 

-nn-) represent total assimilation in which the coda becomes identical to the following y ) 

onset consonant. This regressive effect of POA even works across the nasality 

boundary, where codas are regressively influenced by a following /k-/ onset to 
. � 
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become /- i� / coda. Another observation is related to the elTecl of aspiration: We 

observe thai un-aspirated oral stop onsets are less powerful in assimilating its 

preceding coda than their aspirated counterparts. Comparisons between -pp- vs. -p / / - , 

-Its- vs. - Us��-rjk- vs. -fjk!�well illustrate this point^^'. 

In summary, the first part of Experiment 3 reveals thai regressive assimilative 

effect plays an important role in coda variations in spoken HKC. Now a similar test is 

carried out for onset variations in spoken HKC. 

Onset confusion 
Hxperimenl 3-11 focuses on phonetic variations of onset consonants in spontaneous 

Hong Kong'Cantonese. For comparison purposes, we limit our target to characters 

starting with one of the six onsets used in Experiment 3-1 (i.e./?-, / -， k - , ”卜、n-, //-). All 

the characters, whatever their lexical onset is, arc included in this analysis if they have 

records in the corpus with one of these six onsets. For instance, while I he character 舉 

‘to learn' is lexically specified as having a glottal fricative onset 
(/hDk^V), it is 

� included in our data pool due to the fact that records of its being produced as look^^] 

are captured in the database. Eventually, .846 characters la 11 into our data pool，among 

which 107 of them have more than one onset variants. 

1 able 4.2 shows the type and token frequency of the characters (totally 72 of 

them) with two onset variants. A similar notation as Tabic 4.1 is used here. Wc may 

� find a similar 3-way classification of onset variation here: (1) variants differ in terms 

of POA (e.g. (/-，A:-)，（w-，n-)); (2) variants differ minimally in terms of nasality (e.g. 

(m-,/7-); and (3) others (e.g. (k-, m-)). 

To facilitate fair comparison, the et'fecl o f token frequency must be considered here. From Leung et 
» 

al. (2004), aspirated onset consonants are consistently less frequent than their unaspirated counterparts 

(e.g. [kh] (3,044) vs. Ik)(19,3 l9) and [is'') (3,274) vs. fts] (11,564)) such that larger number of instances 

of "coda-unaspiralcd consonant" sequences, like -pp- and -its-, is expected. However’ even after 

accounting for this distributional bias, the assimilative cffect for the unaspirated onsets is still seen to 

be obviously larger than the aspirated ones. ’ 
« » <•、• • - ^ 
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„ * ‘ “ . • . 

t- 1 
I (79) 

k _ 3 7 
( 8 9 9 ) (1425) 

m - 3 
(1585) (1844) 

n- 1 9 2 3 
(97) ( 3 9 3 0 (335) (3438) 

n c - 1 17 10 5 
^ (79) (^380) I10H6) 

Table 4.2: Type and token frequency of characters having two onset variants. 

Upon closer examination, the onset variation pattern is qualitatively different 

from that of codas. First, there is no longer a strong bias towards variations in terms of 

l)OA as in coda variation. In fact, the figures arc approximately the same (POA: 

29(9,307) vs. nasality 36 (9,006)). Second，with regard to POA onset variation，nasal 

onsets are more commonly attested. The number of tokens involved in I)0八 onset 

variations for oral and nasal stop onsets arc 2,403 and 6,904 respectively. Dividing ’ 

these numbers by the token frequency of 33,699 (with /?-， /«-, k- onsets) and 11,470 

(with m-, n-�fj- onsets) (Leung et al., 2004, p504), only 7.13% of the oral slop tokens, 

but 60.19% of the nasal stop tokens arc involved in POA variation. 

We then proceed to investigate the elTcct of neighboring consonants ' 

(preceding segment in our case) influence in such onset variation. To serve that 
% 

purpose, from our data pool, all the character tokens with onset consonant Jeviant 

From the lexical pronunciation are extracted, together with its preceding segment. The 

character 頭 ‘head’ is lexically pronounced as ft au /，but has instances in the corpus 

transcribed as fkau^'l and [lau^'j. These two tokens [ k a u � ' ] and [tau^'l are included in 

the current analysis. The resulting token frequency (y-axis) are plotted in Figure 

4.2a-f for p-�/-, k-�”卜,n-, tj- respectively, with the coda-onset consonant sequence 

combination indicated on the .v-axis. Note the significantly larger token frequency for 

nasal onsets. 

We first take a look at the oral’_3tops (Figure 4.2a-c). Generally speaking, a 
* » 

similar obvious trend as in coda variation is not present in the figures: The leading 

combinations for /)- onsets (Figure 4.2a) arc -tjp- and -tp-, both arc from different 
« 

POA than the bilabial s t o p - / / - is leading in Figure 4.2b，but tho difference is only 2 

to 1 occurrcnco; All the candidates in Figure 4.2c agree in POA with the velar stop k-, 
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But the total token frequency is only 7. Essentially, for the oral stop onsets, due to 

sparsity of data, any conclusive result can unlikely be drawn. 
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“ ‘ Figure 4.2: Token frequency of different coda-onsct consonant sequence 

^ combinations: a-c (oral stops p-，/-，k-)\ d-f (nasal onsets /?-’ tj-). 

Next, we move on to study I he case for deviant characters with nasal onsets. 

HlTect of the preceding coda consonant becomes more evident as we find the most 

frequent coda-onset combinations in the figures {-mm- in Figure 4.2d，-nn- in Figure 

4.2c, in Figure 4.2f) all agree in their POA specifications. 
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‘ To sum up. Experiment 3-11 shows that onset consonants are not dominantly 

influenced by its preceding coda consonants in spontaneous speech. Some 

progressive assimilative influence can be observed for nasal onsets though. However, 
» _ « 

as the trend is much less obvious than that for coda variations, there may be other 

major factors (not considered in this study) conditioning such changes. 
、 

Discussion 
Comparing distribution pattern of consonant variations as well as magnitude of 

neighboring effect obtained from Experiment 3，the differences between onset and 

coda consonants is clearly shown. Essentially, coda consonant is more mallcablef than 

onset consonant under the influence of its neighboring segment. Sincc synchronic 

variation can be seen as a snapshot of the longer-term diachronic changcs, our 

findings on synchronic variations in HKC is compatible with previous scholars' 

observation on diachronic segmental feature assimilation. 

Since no audio data is available, the oral communication stage at which the 

variation occurs may be questioned. In other words, for a particular variation 

extracted from the corpus，whether there was accurate pronunciation but inaccurate 

transcription, or inaccurate pronunciation followed by accurate transcription，or even 

both, are responsible, is queried. Nevertheless, there has been a stage‘ along the 

communication chain in which confusion (i.e. an instance of sound changc), occurs. 

From our previous experiments, we are inclined to believe that such variation comes 

from production factors. If，however, the pattern is later on found lo have roots in 

perception, a whole new horizon of perception research will be o p e n e d . ‘ 

Zee (1985) reported a study of nasal coda consonants in modern Chinese 

dialects. The study covered 19 Chinese dialects, affiliated with all the major Chinese 

dialectal families. In some dialects, part of the inventory (csp. bilabial nasal -m) has 

merged with other coda categories (e.g. -m > e.g. Beijing, Nanchang, Suzhou). In 

some other cases, the codas disappeared, leaving only as a trace nasality in its 

preceding vocalic element (e.g. Jinan and Xi，an). In the same study, Guangzhou is 

among the best in preserving its nasal codas, apparently indicating a language-internal 

stability in the syllabic-finals. Yet, our synchronic corpus study in HKC (which is a 

close variant lo Guangzhou dialect) still shows phonetic variations in onset/coda 

consonants. Through iterations of communication, such accumulative phonetic 
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variations will eventually spread through sociolinguistic processes to the whole 

linguistic community，eventually leading to categorical change of sounds (Ohala, 

1981). 

4.2 Diachronic study - Experiment 4 
‘ This Section reports a comparative study between two 1 long Kong Cantonese (IIKC) 

speech corpora. The main aim of this comparison is to obtain quantitative diachronic 

drifts, if any, in frequency distribution of various speech sound units in HKC. In 

addition, we will give some explanation to the observed pattern through modeling 

efforts. Such modeling may eventually contribute to projection of the future 

development in of the sound system in HKC. 

Wc make use of two spoken corpora of IIKC, namely l:ok (1979) and Leung et 

al. (2004) (i.e. the one used in the synchronic corpus study Experiment 3 reported 

above). I-ok (1979) covers a total of one hour of speech data, consisting of 15 minutes 

of radio program recording and 45 minutes of conversation (6 participants). Totally, 

over 13,000 tokens are present in the corpus. Leung et al. (2004), being a later attempt,' 

is considerably larger than Fok (1979). It contains more than 8 hours of spccch data 

recorded f rom radio broadcasting with 69 native speakers (excluding program hosts). 

These radio programs spanned more than one year, from November 1998 to February 

2000. Altogether, 141,149 tokens arc included in the database. The two corpora, 

separated in their production by 25 years, should be able to show some middle-term 

sound changes. 

General results 
Figure 4.3 plots the frequency of occuncnce of the six coda consonants in 'HKC, 

sorted in POA and grouped according to nasality of the consonants. Nasal codas 

obviously Dutnumber oral ones. The result is compatible with the observation in Chen 

& Wang (1975) that oral obstruent codas generally experience faster attrition than 

nasal ones. A general trend can be observed with respect to place of articulation that 

bilabial codas ([-m] and [-p]) are the least frequent, followed by alveolar ([-n] and [-1]), 

and velar ([-13] and [-k]) the most frequent. 
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Coda consonant 

Figure 4.3: Frequency of occurrencc (in percentage) of different coda consonants in 

the two corpora. 

Wc proceed to Figure 4.4，in which frequency of occurrcnce of onset 

consonants are shown^^. Obviously, im-aspirated consonants {b- [p|, d- [tj, g- [k]) are 

significantly more frequent than their aspirated counterparts {p- f- [t̂ ^-l, k-

Several obvious diachronic changes can be observed in the figure. First is the great 

decrease in number of n- tokens and great increase in number of /- tokens. This 

reflects the widely reported «-//- merger (Zee, 1999). Second, virtually there are only 

very small amount of tokens for initials gw- [IT-] and kw- [k^h-j (0.41% and 0.06% 

respectively) left in Leung et al. (2004). This is due to de-labialization of those 

rounded initials to becomc g- [k-] and k- correspondingly (e.g. gwok6 ‘country, 

becomes gokCr, and kwong4 'crazy’ becomes kong4). Lastly, though not loo obvious, 

the slight decrease in ng- initial may come from the well-documented ng- » 

� ‘ z e r o - i n i t i a l process in Hong Kong Cantonese (e.g. ng()5 T pronounced as o5 and 

ngai4 'dangerous ' pronounced as ai4). 

27 The graph does not show exhaustively all the consonants in the two papers, since consonants in the 

two corpus studies were not transcribed with the same phonological system. For instance, Itj] appears 

in Leung et al. (2004) only while the syllabic [13] appears in Fok (1979) only. 
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Figure 4.4: Frequency of occurrence (in percentage) of different coda consonants in 

the two corpora. 

Modeling diachronic consonantal changes 
The above comparison demonstrates only one of the many ways wc can observe 

diachronic changes from comparative studies of corpora. We now explore another 
J 

way to probe changes which gives the picture of a larger l ime-frame. 

From Production Experiment 1，it was found that whenever spccch rate goes up, 

coda consonants get assimilated into the immediately following onset consonant. For 

examples, lap-ka becomes lak-ka, lak-pa becomes more like lap-pa. Given the 

omnipresence of speech rate fluctuation, there is a constant force for the coda 

consonants to bccome more like the following onsets. We now try to model the 

process and thus investigate the long term behavior of different consonants. 

Let the number of syllables (uttered within a finite t ime-frame) with coda 

consonants -p, -t, -k at lime t be Cp(/)，C,(/), respectively. Further, let 尸尸，P,, Pk be 

the probability of a consonant following the current syllabic being [p]，[tj, and [k] 

respectively, which is primarily determined by the relative frequency of syllables with 

initials p-, t- and k-. From Production Experiment 2，wc learn that some codas were 

wrongly perccived more easily, and thus undergoes regressive assimilation more 

easily, e.g. the coda consonant -k is more readily assimilated to the following onset 

consonant than -/)，according to results from Experiment 2. We use D” to denote such 

factor of "likeliness of regressive assimilation,, of a coda consonant i to get 

assimilated to the following onset j. /)A, (the likeliness of -k to gel assimilated to -/) is 

probably larger than Dpt (the likeliness of- /? to get assimilated to -/), considering the . 

perception results in Experiment 2. 
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Consider the ease of syllables closed with -p. At any time /，there is an inflow of 

syllables (through regressive assimilation) from syllables originally ending with -t 

and -k. There contribution can be expressed as 

(4.1) 

At the same time, there is also an outflow of syllables (through regressive 

" -Ass imi la t ion) into syllables ending with -t and -k, expressed as 

(4.2) 

Lastly, as reported in Chen & Wang (1975)，cross-linguistically，obstruent 

codas have the trend to disappear along the history, leaving only open syllables, in the 

lbrm of CV syllables. We. arbitrary name it as decay factor^ denoted as / ) / ' � . T h e 

corresponding outflow of syllables is thus 

(4.3) 

Summing up these three terms, a differential equation representing the rate of 

change of number of syllables with -p coda is thus 

d C p ( t ) 

— ^ = Ct⑴PpDtp + Q(t)PpD/,p 一 一 C“t)PkDpk — Cp(t) * DFp 

‘ (4.4) 

Similarly, the corresponding differential equations for C,(/) and C\(J) are 

d Q ( t ) 
= CpOOPtDpt + C“OPtDfa 一 C t O O P p D 印 — - Q ( 0 

(4.5) 
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dCk(t) 
= CpWPkDpk + CtOOPkDtk — Q W p ^ ^ / c p - Cf^OOPtDia - Q ( t ) * DF^ 

(4.6) 

Kquations (4.4)-(4.6) depict the interactive dynamics ofsyllables with different 

codas. Sincc there is no obvious analytical solution, we resort to numerical simulation 

to investigate their behavior. To be specific, equations have been set up in Microsoft 

Excel to capture diachronic evolution of the values C,,(/)’ C,(t),- Ck{t). 

Wc now study behavior of the system by applying different parameter values. 

The first candidate is initial number of syllables with different codas, i.e. C尸(0)，C,(0), 
Q ( 0 ) . Figure 4.5 shows the evolutionary trajectories of those syllables given different 

initial" population, with other parameters kept constant . For each figure, the 

simulation is run for 100 iterations. 

3 5 0 j — 

3 0 0 I Cp Cl Ck 

OJ I 

5 “。！ 
3 I 
O 200 
O 

6 '50 i 
s _ . 
3 100 ! I 
S" 

i t so I 

0丨 
0 ^O 4 0 6 0 8U 101) 

Time ( i t e ra t i on ) 
(a) 

28 Unless otherwise stated, default values of the parameters are (C^(0), C,(0). G(0) ) - (300’ 200’ 100), 

( A 尸 , D P , ’ Dk„ Dp“ D,t,) = (0.1 ,0.1 ,0.1 ,0.1 ,0.1,0.1), /),’ P,,) = (0.2’ 0.2, 0 . 2 ) ， D F , ， D F ^ Y • 

(0.01，0.01，0.01). 
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Figure 4.5: Effect of initial number of syllables for C；, Q ) . (a) (C；,, C,, Ca) = (200, 

200，200); (b) (C"，C丨,CV) = (300’ 200, 100); (c) ( C ^ C„ Q ) = (100, 200, 300). 

All syllables start with the same initial condition in Figure 4.5a and they 

develop with the same trajectory throughout the whole duration of simulation. A 

general trend of decrease in number can be observed, due to the decay factor DF. 

Initial population Cp is set to triple that of Q in Figure 4.5b, as can be seen at / = 0. Cp 

then decays the most rapidly right from onset of simulation, while Ca starts with a 

slight rise, followed by a gradual fall afterwards. Eventually, all the three syllable sets 

converge again. Parameters for Cp and Q are exchanged, and a reversed result is 

obtained as expected in Figure 4.5c. From these figures, wc Icam that initial number 

of syllables does have impact at first, yet the effect diminishes quite rapidly as time 

goes by. 

Next, wc investigate the cffcct of 'Mikelincss of regressive assimilation" by 

altering the variables (/),"，D p , . /)",’ Dpk. AA). With (C^, ( � , Ck) set to (250’ 150, 

50), all the liveliness variables are set to 0.1 in Figure 4 .6a .八 11 the three syllable 

families, starting from different numbers, eventually converge from about half of the 

iterations. The likeliness of coda consonants to change to -p is set to slightly higher 

than that of other codas (i.e. Dtp = Dkp = 0.11, while others set to 0.1, same as before). 

The obvious effect is that the number o f - p syllables decays more slowly than before, 

because of the greater inflow (the first two terms in Equation 4) of syllables in each 

round of simulation. The -p syllables converge again with the other two syllable 

families, but only when it approaches the end of simulation. These set of results 

indicate that the likeliness variables have a more prolonged cITeCl on diachronic sound 

change, but it is still not the major factor behind syllable-coda evolution. 
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Figure 4.6: Effect of relative ease of regressive assimilation (J)中,D^p, Dpi, Dkt, Dpk, D,k) 

(a) all equal to 0.1 ； (b) Dtp = 0.12, Dkp = 0.1 1, others remain the same. 

Finally, we study the effect of frequency dislribution of different onset 

consonants by tuning the parameters P,,’ /), and / Y They are set identically to 0.2 in 

Figure 4.7a, resulting in a typical convergent pattern as described in previous 

paragraphs. In Figure 4.7b, the parameters are set to (/)"，尸Pu) 二（0.3，0.2, 0.1)， 

emulating a linguistic environment in which the ratio of syllables with /)-，/-, k- initials 

of 3:2:1. Consequently, all the three syllabic families decay much more slowly than 

before, and their population is in the ratio of 3:2:129 at the end of simulation. Next，we 

reverse the parameter values to (Pp, Fi, Pk) = (0.1, 0.2，0.3) such that the frequency 

distribution of different onset consonants does not match that of initial number of 

syllables grouped according to coda consonant (i.e. initial Q；, C；, Q ) . In this case, 

syllables with -p coda is the most abundant initially (compared to syllables with -t and 

-k coda), but the number of syllables with p- onset is the smallest among others (i.e. 

those starting with t- and k-). Interestingly, the initial population does not affect the 

end-of-simulation results. Syllables with different codas again follow the ratio Cp : 

C , : Ck = 1:2:3 as specified by the ratio Pp : /) , : Simply put, the relative frequency 

of different onsets dominates initial population. 

2外丁o be precise, the final C尸，Ĉ  Q are 109.81, 73.21，and 36.60. 
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Figure 4.7: Hffect of frequency distribution of syllables with different onsets ij))’ P,, 

A) , (a) all equal to 0.2 ； (b) (/^，P丨,广人）=(0.3，0,2’ 0.1); (c) /),，= (0.1, 0.2，0.3). 
f 

Empirical-modeling result match 
From the above language modeling, the obvious observation is that in a long-enough 

timeframe, relative frequency of different codas is driven by onset token frequency. 

Wc now try to verify if it is true in the spoken corpus data. 

First, we extract all the stops (oral and nasal) at the syllable-initial and 

syllable-final positions, and plot the frequency distribution, sorted according to POA, 

in Figure 4.8. We may find a general trend of bilabial < alveolar < velar for both onset 

and coda consonants. 

r 
0 
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Figure 4.8: Frequency of occurrence (in percentage) of different onset consonants in 

the two corpora. 

Discussion 
The match between empirical data and modeling can be argued to result f rom 

assimilative effect between neighboring onset and coda consonants, in either direction. 

However, combining results from both our production experiment (Experiment 1) and 

synchronic corpus analysis (Experiment 3), it seems regressive assimilation is more 

likely the case. 

Diachronic changes can be effectively revealed by directly comparing 

tVcqucncy measures of speech corpora constructed at different times in history like 

what wc described above. Comparing speech corpora (as opposed to written corpora) 

is supposed to be the most effective way as sound changes always originate from 

minute drifts in spoken form of speech units，only propagating to the written form 

much later on. This approach generally requires corpora farther apart in history for 

processes that take a longer l ime-frame. What we could show at the moment was just 

an observation compatible with the hypothesized diachronic process. To rigorously 

verify whether the regressive assimilation process proposed above did occur in 

history of Chinese development, a comparable database of speech sound frequency 

distribution of classical Chinese is necessary. Historical texts from dilferent historical 

stages are possible sources for compiling such databases. Yet, it must be noted that 

these texts record Chinese of old ages in written form (rather than spoken Ibrrn), 

which reflect language usage with subtle differences from the spoken form. 
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Apparently, Ihc three families of syllables compete for survival in the language 

in the simulation. However, a closer in to Equation 4.4-4.6 reveals that their 

populations change in an interactive way. Take Equation 4.4 (also applicable to 

Equations 4.5 and 4.6) as an example, the first two terms are inj]oM\ while the 

remaining three are outflow. It tells that the evolutionary trajectory not only depends 

on the number of syllables with -p coda (i.e. C,，(j)), but also its competitors，those with 

-t and -k codas (i.e. C,(/) and CV(/)). A sudden increase of C,, not only bcnelils survival 

of -p syllables，but also increases the inflow of syllables into -/ and -k families (the 

first term in Equations 4.5 and 4.6). In other words, a change in one component may 

trigger a chain reaction within the whole system, just like the Great Vowel Shift (GVS) 

in England at about the end of the Middle English period (Trask, 1998, p85), where 

the up-shifting of low-mid vowels lead to further up-shifting of high-mid vowels to 

preserve enough vowel space for vowel discrimination ô . Simply put, full 

understanding of the dynamics of an evolving language is approachable only if we 

take a system perspective. 

Apart from the regressive assimilation effect under investigation, there are 

probably numerous other factors, for instance, ease of articulation, and perceptual 

distinctiveness, affecting the distribution of onset and coda consonants. The current 

corpus study concerns only 丨 long Kong Cantonese, leaving the possibility that the 

identified empirical-modeling match being merely a co-incidencc. Il thus certainly 

awaits parallel studies in other languages to verify cross-linguistic applicability of the 

current modeling^ 

The phonological chain reaction that starts with a speech sound moving close to a second one, 

causing that second one to move further away, and do the same thing to a third one, is regarded as a 

push chain (Trask, 1998，p86-87). Another proposal to ihc GVS is a drag, chain, where the whole 

reaction starts with a speech sound moving away from its initial position, leaving a hole in the acoustic 

space, dragging other ones to fill its position, creating yet another hole to drag other ones into it. 

Interested readers may consult Kj^msky (1959) for a snapshot of a cross-linguistic ailcmpt to survey 
* « 

� various groups of languages, drawing data from literary text. 

、 
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4.3 Summary of findings 
We conducted a series of corpus analyses to study the pattern ol' consonantal • 

assimilations in I long Kong Cantonese spontaneous speech. Both onset and coda 

consonants were found lo be inHucnced by their neighboring segments, y d with 

different behavior: The effect of regressive segmental feature assimilation was found 

to be much more prominent than thai in the progressive direction. This provides 

empirical support to our experimental results as well as the cross-linguistically 

’ observed directional asymmetry in segmental feature assimilation. 

Next, we carried out a diachronic comparison of two spoken corpora oi Hong 

Kong Cantonese to provide a piece of partial evidence of the historical trajectory of 

regressive assimilation. In ihc same study, vvc also learned that to thoroughly 

understand the evolutionary dynamics of a linguistic system, one musl lake a system 

perspective to take as many factors as possible inlo consideration. 

'身 

— 

i 

« 
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CHAPTER 5 
« 

TONAL CHANGE -

PHONETIC EXPERIMENTS 
> 

Characteristic patterns are observed for segmental foalures across speaking rates in 

Hxpcriment 1. Speech samples thus obtained were then led into Experiment 2， 

eliciting subj eels' perceptual responses. The rale-dependcnl second-foi man I 

trajectory shifts observable in Experiment 1 induce corresponding pcrccpUial shifts in 

Experiment 2. Specifically, segmental features spread leftwards {regressively). This 

- matches the cross-linguistic dominant directions of segmental feature assimilation. 

.Th i s chapter explores speech feature assimilation in the tonal domain by 

• adopting a similar methodology as Experiment I and 2. Two experiments are devised 

tcf lest speaking rate's effect on tone acoustics (l^xperimcnl 5) and tone pcrccplion 

(Hxpcrimcnl 6). To sludy lonal Ibalurc assimilation, Fo movement will be considered 

as the subject of sludy as it has been well demonstrated as the primary acoustic 

correlate of linguistic tone (Abrumson. 1972; Fok, 1974; Lin, 1988, among others). 

Production Hxperimcnt 5 lb I lows a similar design as Experiment 1 to ‘ 
* V 

investigate lonal distinctions. Participants were requested to produce the presented 

‘ target sentences under different lime constraints. Production data will be analyzed 

acoustically to establish possible correspondences between speaking rate and the 

resulting acoustic signals. I""ollowing thai, pcrccplion experiment (Hxperimcnl 6) was 

conducted，with stimuli consisting of tokens recorded in Experiment 5, troni different 

speakers, at different speaking rates, and dilTcrcnt tonal feature combinations. 

I 
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5.1 Tone Production - Experiment 5 
Under different speaking rate conditipjis, wc try to elicit rate-dependent variations of 

/ 

tonal features from the current experiment. In particular, Fo (fundamental frequency) 

.measu re is taken to be the subjccl of investigation. 

Material 
Target syllabic lau is used for the currcnt task. It is associated with either one of the 

six Icxical tones in Cantonese, surrounded by two tonal coiitcxl syllables niaa (tonally 

specified as either high as maaI 'mother ' or low as tnaa4 ' sesame') , which are in turn 

embedded sentence-medially in I he carrier lest sentence IwoiS Ŝ - S, Sc mciai5 
Z --- ‘ y 

sun^J ‘I go to Sc St Sc lo buy some food' , where S, is the target while S � a r e the tonal 

context syllables. With such design, full course of Fo movement contour can be • 

extracted because both the two tonal conlcxl syllables and the target start with voiccd 

onset; Both the lateral c o n s o n a n t � 1 ] from the target Si and the nasal murmur 

associated with the tonal context S^ provide characteristic acoustic landmarks, 

contributing to accurate and objcctivc segmentation. Finally, all combinations of the 

Irigrani target do not form a word in Cantonese, minimizing Icxical bias in production. 

Recording procedure and data extraction 
Five native Cantonese subjects (4M1 F) participated in the production experiment. 10 

‘ repetitions were obtained for each condition. Pace-keeping clips similar to that used in 

Experiment 1 were used again to elicit rate-dependent variations, but al only three 

levels of speaking rates (500ms, 1 OOOms, 150{)nis) lor this experiment. Conseqiienlly, 

(6 target t o n e s ) � ( 2 tonal c o n t e x t s ) � ( 3 speaking rates) x (】(）repelitions) 360 

utterances were produced by each speaker. Utterances recorded were fed into PR A AT 

Ibr pilch extraction，llten the pilch values were rectified by a trimming algorithm^- to 

The trimming algorithm-follows ihc one used in Xu (1999) for removing spikes in raw Fo contours 

extracted. Essentially, individual pitch values are compared with their neighbours. In case a sudden 

jump of value, defined by an adjustable threshold, is detected, ihe particular pitch point is replaced by 

ail interpolated values calculated from its iwo neighbours. Pseudo codes are listed in the Appendix. 
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remove sharp spikes for data analysis. Apart f rom the above specificities, all other 

recording procedure and experimental settings followed that of Experiment 1. 

Results and discussion 
rimc-normalizcd Fo trajectories lor the Iri-gram Sc-St-Sc Irom Subject 1 are plotted in 

Figure 5.1，with durational measures in Figure 5.2. Durational measures show that 

individual syllables of the tri-gram arc shortened under rapid speech. Each trace in 

I'igure 5.1 came Irom averaging 10 samples. Generally speaking, Fo starts at onset of 

the llrst context syllable Sc (the fisl maa) at around 1351 Iz, moves to either 80Hz (for 

low tonal context maa4) or 150Hz (for hi^h tonal context maa I ) before it reaches 

onset of Si (Ian). During course of target syllabic Si, F() moves according lo its 

associated pilch targets. After leaving St, Fo starts approaching tonal target of the 

second context syllable. Simply put, r,o movement here can be understood as 

conscculivc approximating actions toward tonal targets associated w i t h � t h e 

corresponding syllable, according to the Targcl Approximation (TA) model (Xu & 

Wang, 2001). 
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Figure 5.1: Time-normalized plot ofJFo trajectories across speaking rates, from slow (a, 

d), to medium (b, e), \o fast (c, 0- 'I hp left column (a-c) shows results of the target 

syllabic surrounded by low tonal context，while the right column (d-f) high tonal 

context. 
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Figure 5.2: Durational measures of the two context (S。）and one target (SO syllables 

for different speaking rate conditions. 
、 

Next we proceed to examine, if there is any, F() variation related to speaking 

rate. Comparing Figure 5.1 a-c {maa4-lau-maa4), we find a gradual trend for Fo 

contour for the condition maa4-lauj-maa4 (the solid line) to shift rightwards as 

speaking rale increases, whereas the condition mcia4-lau2-maa4 (the dashed line) 
\ 

behaves more rale-independcnlly. As a result, the two Fo contours become more 

similar to cach other under higher speaking rates. To obtain evidence quantitatively, 

Fo peak is taken as the measure. 

Figure 5.3 shows positional analyses of FQ peaks for different subjects across 

speaking rates. The numbers on 卜ax i s of Figure 5.3a and 5.3b denote the exact Fo 
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samples containing I he peak Fo value. Recall that 20 samples were obtained from each 

of the three syllables under investigation in Figure 5.1, numbers within the range 

(31 -40) lie in St while those within the range (41-50) lie in the post-target context 

syllable. A general increasing trend of Fo peak location is observable in Figure 5.3a 

lor more rapid speaking rates. In other words, the higher the speaking rale, the later Fo 
、 

peak occurs. For the case of maa4-lait2-mcici4, no such obvious trend is found in 

Figure 5.3b, matching our impressionistic judgment. Figure 5.3c shows Ihc position 

difference among the two conditions, which is obtained by subtracting the position 

figures in Figure 5.3a from their counterparts in Figure 5.3b. A lower value indicates a 

smaller Fq positional diITcrence. A general trcnd^-^ for such Fo peak difference lo 

diminish as speaking rale increases can be seen in Figure 5.3c. 

50 ！>0 

… ！ „ ,. a 
4 6 ‘ 4 6 I I I _ ‘ 

c - c 
I .2 — I 4. — 
I 40 g. 40 " “ — " 

1 38 ‘ I ,8 
S 36 • • S 36 

34 „ — S5 
3 2 3 2 

3 0 3 0 

SOOiiii 1000ms 1500m» SOOmi lOOOrm ISOUms 
r 

(a) (b) 

A 

% 

Cross-subject variations are evident, as for S2 and S3 in this case. More discussions on I he topic will 

- be given in Chapter 7 of ihc dissertation. However, these two subjects agree with the prevalent trend in 

another position analysis (Figure 5.4b). 
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Figure 5.3: Positional analyses of Fq peak location for different speaking rate 

conditions: (a) peak position for maa4-lau}-maa4\ (b) I'o peak position for 

... maa4-lau2-maci4； (c) Fo peak position dilTerence. 

Rather than the relative position. Figure 5.4 takes timing information into 

consideration lo give the time difference (in millisecond) of occurrence of Fo peak 

between the two conditions. Again, the liming difference decreases when speaking 

rale increases. As another case to demonstrate the rate-dependent Fo spreading, the 

case between mid level (T3) and rising tones (丁5) has been studied following the same 

procedure and the results arc plotted in Figure 5.4b. The analogous phenomenon, 

where Fo peak of the maa4-lau5-maa4 shifts rightwards, is found under rapid speech. 

Such phenomenon of a right ward shift of F() peak, also named Fo peak delay, has also 

been reported for Mandarin (Xu, 2001). 

"" � >00 
I too 、 I 卯' * ^ 

i ： 夢 i ii ^ i 
0 -—-一 • — - - — - - - - — Q 一 t . - . _ .• 

MOrm lOOCUm ISOQmi «K)m» lOOOmi ISOOmt 

(a) (b) 

Figure 5.4: Fo peak difference between (a) high target tones maa4-laul-maa4 and 

maa4-lau2-maa4； (b) mid target tones maa4-lau3-maa4 and maa4-lau5-maa4. 

With reference to the condition maa4-lau2-maa4 (the dashed line), which 

behaves more consistently across speaking rates, the contrast between 
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maa4-laul-maa4 and maa4-lau2-maa4 diminishes as speech rate increases，due to 

lauTs closcr and closcr resemblance in Fo movement to lau2. To restate the same 

phenomenon with more language-general terms, a low-high-low (LHL) tonal 

sequence becomes more like a low-rise-low (LRL) tonal sequence when speaking rate 

increases. Since the R in LRL is characteristic of a rise from low lo high. Compared lo 

the H in LHL, Fo contours in R rises at a later time. Thus, a high speaking rate induces 

a delay in the I'o rise. Consequently, the delay can be understood as a rightward (i.e. 

progressive) spreading of tonal features (L in this case) to the high tone from its 

immediately preceding low tone. The delay may be represented as the phonological 

process: L L - H ^ - L L » L L - L H - L L 3 4 

This spreading phenomenon may be due lo physiological limit of the larynx: 

As speaking rate increases, the larynx cannot catch up with the syllable rate in 

adjusting Fo to accommodate consecutive high and low tonal targets. The observation 

that slightly larger F � r a n g e (from low (maa4) to high (lauJ)) is recorded for slower 

spccch (Figure 5.1 a-c) gives support to such argument. 

To sum up. Experiment 5 elicited rate-dependent variations in 1 � m o v e m e n t . 

Specifically, a higher speaking rate causes the delay of some Fo trajectories, and thus 

the corresponding low tone feature. Formulated phonologically, rightward tone 

spreading can be observed. 

5.2 Tone Perception - Experiment 6 
N o w it has been shown that as speech rate increases, there is a trend Ibr tonal features 

to spread rightwards (progressive), a natural question follows: Do the observed Fo 

peak delay lead lo corresponding shifts in perception? 

To resolve the query, with the utterances obtained from Experiment 5, we will 

move further to study whether such speaking rate-dependent change can cause a 

corresponding shift in perception of the target tone. If so, there is an instance of sound 

change demonstrated. 

There have been quite extensive debates on the validity to represent a rising lone as two consecutive 

tone levels. Rather than go into such details, we make use of the notation here simply for the sake of 

building the bridge between phonological processes and our acoustic observations. 
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Methodology 
Ten Native Cantonese speakers were recruited to take part in Hxpcriment 6. These 

subjects all had not participated in Experiment 5 to producc the utterances so as to 

avoid any priming effect. The listening task was conducted in a quiet room. After a 

short practice session to familiarize subjects with format o f l h e test, the real lest began. 

They were to complete a forced-choice tone identification task to circlc the characters 

heard on the given answer sheet. Breaks were provided between sessions upon request 

to relieve subjects ' fatigue. 

To simulate a natural communication scenario as much as possible, natural 

tokens obtained in Experiment 5 were used. Three out of the ten repetitions 

(repetitions for averaging out token idiosyncrasies) for each condition were 

determined randomly and chosen as the material. To simplify the experiment, only 

conditions with LI IL {maa4-lau 1 -maa4) and LRL {maa4-lau2-maa4) were used. As a 

result, (5 speakers) x (2 target tones) 乂 (3 speaking rates) x (3 chosen tokens) = 90 

tokens were presented in a random order to each participant. Before presentation to 

subjects, intensity of all the sound samples was normalized to 80dB to minimize 

possible influence due to cross-subject / cross-token intensity fluctuations. 

These sets of 90 stimuli, grouped in a randomized order into 10 blocks of 9 

tokens, interleaved with silence interval of one second (i.e. ISI = Is), were presented 

to subjects in a q u i d venue, with speaker volume tuned lo a comfortable level. The 

participants were requested to identify the target characters (Si) in the stimulus 

sentence “ngo5 heoiS maa4 Si maa4 maai5�’ung3” ‘ � g o to maa4 St maa4 to buy some 

food' by marking the corresponding Chinese characters. Two characters were 

available to be circled as the answer, namely, laul and lcui2. 

Results and discussion 
Figure 5.5 shows the lone perception error rate across different speaking rate 

conditions. Compared lo perception of coda in Experiment 2, tone confusion is much 

lower, starting from 2.67%, and reaching 16.67% as speaking rale increases. The Fo 

peak delay under high speaking rate, as obtained in Experiment 5, is correlated with a 

higher tonal confusion rate. 
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Figure 5.5: Tone perception error rate across speech rates. 

Next wc have a break-down of the tonal errors into different sourcc speakers of 

Ihc stimuli in Figure 5.6. It can be observed that errors from the stimuli produced by 

SI and S4 clearly outnumber those from other speakers. Recall from Figure 5.3c and 

5.4a that the subjects SI and S4 showed ihc most obvious Fo peak delay under high 

speaking rate, now we can be even more confident thai Fo peak delay leads lo Ihe 

observed tonal confusion. 

50% 

f 40% • 

I 崖 • • 

20% 

臺 ： J L a . i 
51 52 S3 54 S5 

Stimuli's source speaker 

Figure 5.6: Proportion of errors from stimuli by different speakers. 

Regarding the direction of tonal confusion, wc do not obtain Hhe expected 

result. Since acoustic data from Experiment 5 shows a close resemblance of. LHL 

sequence to LRL one under high speaking rate, wc thus expect a corresponding 

mis-identification of LML stimuli as LRL under high speaking rale. In fact, wc found 

thai, especially for stimuli from speakers SI and S4, some tokens produced as LRL 

were perceived as LHL. 

We have not y d been able lo find a definite answer to these results. We suspect 

that when listeners were presented with Ko-peak delayed stimuli, they made use of 
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other CO-varying cues lo resolve the tonal identity. Such co-varying acoustic 

variations other than Fo directed them to choose the final answer. 

Experiment 6 could not give full-blown evidence of progressive assimilation in 

rapid speech al the perception stage. The widely attested progressive tonal 
* 】 

assimilation probably comes from other factors, which await further investigation. 

What we can be sure f rom these results are thai (1) high speaking rale is one of the 

catalysts behind tonal confusion, which is a source of sound change; (2) Fo peak delay 

observed in rapid speech is directly correlated with such tonal confusion. , 

5.3 Summary of findings 
In the chapter, we presented our attempt to extend the methodology used in segmental 

feature assimilation to the tonal domain, though only with partial success. 

In Experiment 5，speakers produced utterances at various requested speaking 

rates. Fo peaks were taken as a measure to show the acoustic right ward shift of l-'o 

contours at high speaking rates. Translated phonologically, rightward spreading of 1. 

lone feature was observed. 

A subset of natural utterances obtained in Experiment 5 were presented to 

participants in Experiment 6 lo elicit their perceptual responses. Unexpectedly, the 

acoustically more similar (in terms of Fo peak) stimuli obtained under high speaking 

rates did not lead them to mis-identify the tones (intended T | identified as 丁2). We 

thus suspect other co-varying cues, say，Fo peak level, Fo range, may play a role in 

identification of.the tones, from the distorted I-'o signals resulting from high speaking 

rale. 
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CHAPTER 6 

TONAL CHANGE - QUESTIONNAIRE 

SURVEY 

This chaplcr reports a largc-scalc questionnaire survey (Experiment 7) lo 

‘ quantitatively document trajectories of possibly ongoing tone-mergers (T2/T5 and 

IVTf)) in I long Kong Cantonese. 

6.1 Related studies 
Table 6.1 summarizes ihe tone letters assigned lo the six long tones in Cantonese by 

different scholars. Since the lone values were assigned based on different criteria and 

samples were collected at different times in history, minute deviations arc inevitable. 

Nevertheless, they correspond quite well to Figure 6.1, an Fo plot reproduced from 

Figure 2 in Wong (2007). Bach contour in Figure 6.1 is obtained by averaging 20 

tokens from four native Cantonese speakers. In the figure, our first target tone pair, 

丁2/丁5，starts with nearly the same onset, diverges to rise to different Fo values towards 

its olTsct. T3 and T。，our second targets, arc both assuming a level contour with slight 

declination, with a mere pitch difference of 1 OHz. 

I Ti I T2 I T3 I T4 I T5 T6 
. ‘ Chao(1947) ^ ^ 3 3 2 3 ^ 

Hashimoto (1972) ^ 3 5 4 4 2 1 2 4 一 “ 共 

Vance (1976) ^ 3 5 3 3 U H 2 2 ~ 

Zee (1991) ^ ^ S Y \ 2 3 “ ― 

Bauer & Benedict (1997) 55 25 "33~ "Yl ^ 

Tabic 6.1: Tone-letter labels by diflbrcnt scholars. 
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Figure 6.1: contour of the six long tones in l long Kong Cantonese 

(from Wong, 2007). 

Generally speaking, exccpl T|，which is located relatively distant from other 

tones, the lower tonal space of 1 long Kong Cantonese is rather crowded. Obviously, 

judging from I he Fo values, the primary acoustic correlate ol" linguistic tone, many 

lone-pairs are expcclcd to cause confusion. Yel, T2/T5 and T3/丁6 are the most widely 

reported among them，as reviewed below. 

So (1996) gave a brief overview of several changes in rising and level tones in 

Hong Kong Cantonese. In the discussion on tonal contours of the two rising tones (丁2 

and 丁5)，the author mentioned thai a previous study (So & Varlcy，1991)，involving 

1011 long Kong (fanloncse speakers, reported thai the participants often confu«:,ed the 

two rising tones. They attributed this to Ihc similar onset fundamental frequency of 

the two tones. 

Mok & Wong (2010) conducted perception tasks lo investigate the status of 

perception of merging tones in Hong Kong Cantonese. There were two groups of 

participants, one merger group consisting of subjects doing worse than average in a 

screening test，and one control group who discriminated all tones well. They had to go 

through an AX discrimination task, responding either ‘same’ or 'different ' after 

listening to each sequence of two testing syllables. Results showed that the control 

group generally did better, as expccted, than the merger group in terms ol. both 

accuracy rale and reaction time. I lowever, same as the merger group, they also find 

the pair T2-T5 the most difficult to distinguish. 

、 
\ 
\ 
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Bauer et al. (2003) carried out a production study to investigate tone 

production in Cantonese. Two subjects of interest were found. One of them merged 丁2 

into 1,5, while the other T5 into T2. 

In Peng & Wang ' s (2005) pursuit of an accurate tone recognizor, using SVM 

techniques, 71.5% accuracy for tones in Cantonese continuous speech was achieved. 

What is relevant to the current discussion is their recognition results in Tables 6-8， -

where T2 is con fused with T5, and T3 with 丁 6. Of course, it cannot be assumed that 

machine recognition and human perception arc essentially the same. Yet, when 

human subjects were presented ' 1 � a n d 丁6 tokens that were confused by the lone 

recognizcr, they also made considerable erroneous responses, bearing some degree of 

resemblance to machine recognition. Since the lone recognizer mainly considered Fo 

contours of the speech samples, the mis-recognition results implied that T2-丁5 and 

丁3-TV, are associated with similar Fo contours, the most prominent acoustic cue to lone 

perception (Abramson, 1972; Lin, 1988，among others). 
« 

Peng's (2006) paper reported a large-scalc survey of corpus analysis on tones 

in Mandarin and Cantonese. By means of automatic speech segmentation and pitch 

extraction, a large pool of tokens were collected and analyzed. In particular, lor the 

tonal aspcct, two pitch dimensions, height and slope were used to represent the token 

distribution (Figures 7-8). The Cantonese tones showed heavy overlap between T2 

and 丁5，as well as between T3 and in the long lone figure (Figure 8 ) , indicating a 

possible confusion of the two tone-pairs in every speech communication. 

Though from different perspectives, these reports and results all carry the same 

theme that the ongoing status of tone-mergers of T2/T5 and T3/T6 is unarguable. Given 

this, we wanted to further our understanding of its developmental dynamics, such as 

the speed of its development, its penetration into the speech community, age-elTect, 

and ctc. To achieve so, we applied the age-grading ^^ method on I long Kong 

Cantonese tones to reveal its developmental trajectory of merging. 

, f 

For some applications on studying modern Chinese dialects^ like Tianjin tone-sandhi and tonal usage 
. « » 

in producing transliterated Knglish loanwords, readers are referred to a report (Wong, 2009b) on the 

first Conference in Evolutionary Linguistics. , 

T 
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Briefly speaking, the fundamental principle is lo survey synchronic variations 

. a c r o s s individuals from different age groups and make use of such variations to 

project diachronic changt^s not dircctly observable otherwise (Labov, 1966). Shen's 
• « 

(1997) monograph played an important role in publicizing the age-grading method. In 

the monograph, Shcn clicited responses from subjects from a wide age range to obtain 

trajectories of vowel mergers in Shanghai and Wcn/.hoii dialecls. The major finding 

was that the younger Ihe subjects were, the more.confusion belvveen words with the 

^ two vowels under study resulted. 

According to Shcn (1997)，the age-grading, methodology could be traccd back 

lo nearly a' century ago in studies by Gauchat (1905) and Hermann (1929). The 

method \¥prks based on the assumption that linguistic behavior of subjects is 

fossilized al their language acquisition stage ot life，say, 15 years old. Consequent ly , ‘ 

responses from subjQcts from different age groups reveal linguistic forms that once 

appeared jn different periods in history., In other words, Shen's studies implied that 

the Shanghai and Wcnzhoii vowel pairs concerned were more dislinctivc back in 

history than the lime he carried oul the survey. 

6.2 Methodology 
Following the age-grading paradigm, we elicited tonal responses of subjects of 

dilTcrenl ages in I he fonnal of questionnaire, survey. Presented with the questionnaire, 

participants were requested to indi(^ate the character with unlike pronunciation. There 

, was no time limit for completing the questronnaire. Options were also given for the 

‘ case where ihe subjccl found all the pronunciation to be the same, and the ease where 

the subject was unsure about the answer. � 

Wc selected the target tokens Ironi 9 語 密 音 配 詞 賺 3 6 . i � � f o r m each 

question item, three characters were selected from the database. To avoid guessing in 

^ situations where subjects were^unfamiliar with the characters, wc only chose common # 

characters lor the survey. To minimize possible inlcrlcrcncc Irom orlliograpliy, all ihe 

• : — • -1 ( 
飞6 The corpus can be accesscd at http://arts.cuhk.edu.lik/Lcxis/lexi-can/. It was produced by (he 

Reŝ tnirch Ccnlre for Hujiuinilies Computing, The Chinese-University of Hong Kong. . � -
'4 ^ -i-
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characters in the same question item were orthographically dissimilar such that pairs 

‘ like (管，飽）gun2 and (fl監，激）laam6 were excluded. Also, only characters with a 
. « 

unique pronunciation across all contexts were used lo avoid conlusion (e .g .死， 

pronounced as either sei2 and si2�was avoided). In the survey, wc did not include 
c 

characters with entering tones. � 

Based on the selection criteria above, there were altogether 36 items in the 

questionnaire，categori/.cd into three groups according to ihc pronunciation contrast: 

16 items on T2/T5 distinction, 16 items on distinction, and the remaining 4 items 

as dislraclers. I he first I wo groups, one among the three characlcrs dilTcrcd f rom 

I he remaining two in terms of tonal specification. The number of characlcrs in cach 

tonal calcgory in I he firs I two groups was balanced. For inslancc. there were 8 items 

wilh two T2 and one T5 characters, and another 8 items with two ' \ \ and one IS 

characters within the group of TV 15 distinction; The distraclcr items served two 

functions: They rcduccd the monotonicity in completing the questionnaire by 

presenting pronunciation contrasts other than the target tonal distinct ions ” . Besides, 

since those items were expcclcd lo be highly distinguishable by a nornuil Cantonese • 
I 

speaker, they could help detcct questionnaire completed based on pure guessing. All 
Ihc 36 items were listed in ihc questionnaire in a randomized order. Besides I he • • • • , ‘ 
cjueslionnairc items, subjccls were requested lo enter inibi malion about their exposure 

to Cantonese, like education level, and year of residence in Hong Kong. Kull details 

about the queslionnaire like the list of items and the exact layout can be found in the 

Appendix. 

There were altogether 137 (67M, 70F) subjccls conlribilling to ihe currenl data 
. 々 . ， . analysis. Majority of them completed the questionnaire in a racc-lo-tacc survey, while 

ihc others submillcd the completed questionnaire through electronic mail. The 

.subjects were aged 13-33, with the cxacl age trcquency distribution shown in Figure 

6.2. ‘ 

—I 

» -

， " 

• ” The distraclcr triplets are "4 (來，朱，猪）(/o/V, rw//, zyu/), tt6 (紙，指，R) (2/?’ =i2), ii 11 (U,珍， 

陳）（：""/’ =cinl, can4) and "32 (他，流，诏）（/m//, lau t, Um4). Items //I 1 and //32 all have the unlike 
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Figure 6.2: Age distribution of parlicipanls of the questionnaire survey. 

6.3 Results and discussion 
、 

Subjects were requested to try their best to have every question aUcmptccUCases were 

found for some subjects lo leave a few questions unnoticcd, but they were requested to 

fill in the missing items right after they returned the questionnaire. For the distracter 

items, only 4.74% (26 tokcns)^^ were found lo bo wrong, -indicating that all the 

participants did not complete the questionnaire by pure guessing. 

We now try to explore age etYecl of lonal confusion^^ in Hong Kong Cantonese 
speakers. I'igures 6.3 plot the confusion rate of different tones obtained from subjects 

t / 

� ： or different ages, x-axis denotes the subject age, while v-axis the number of errors 

made in discriminating the tones. The three figures differ in tcrms'of age grouping. 

Figure 6.3a shows the individual results; Figure 6.3b shows the average confusion 

character dilVcring from the others in bolh segmental composition and lone. Characlcrs in iieri //6 all 

sound the same, and subjects were expccted lo choose 'the same' for this item. ‘ 

飞H Majority of lliem (23 out of 26) happened In item fib (li；氏，旨，H)�where till three items arc 

protiounccd as zi2. It is conjectured thai subjects already got used lo assume one item must bc.dilTcrenl, 

ami could nol switch to choosc the response “all the same". 
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rate for each age; Kigure 6.3c shows ihc average by grouping subjects from a range of 

3 years. Linear regression results are also shown in the figures. Regardless of the 

age-grouping used, there is a general decreasing trend in confusion rale as the age of 

“ participants grows higher. Based on the basic assumption of age-grading that 

linguistic forms of subjects of dilTerenl ages represent different historical linguistic 

forms, a tone merger can be observed: T2/T5 and T3/T6 were more discriminable back 

in history than now. � 

I 

川 — v * t3/5 confusion ^ — ^ t o n U s ^ n — 直。 — , 1 
18 Utiear (T3/5 contusion) linear (U/6 cwifuvionj ^^ 4 I//S confution 4 n/6ronhision 

I 石 • I Unm»t (W/b conluuiin) LUi*«r (13/C contusion) 
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Figure 6.3: Age distribution of participants of the questionnaire survey. 

Comparing the I wo tone pairs, T i / l 5 is consistently more severely confused 

than T . / I ; . Judging from the sleeper slope ol ' thc linear-regression lines for T.i/To in 

Confusion here merely means that the tonal dislinction present in the sourcc diclionary corpus is 

absent from the subject's response. There is 110 prescriptive judgement of the subjects' response since 

i • 

/ 
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Figure 6.3，the age-dependent differential confusion rale mentioned above is slightly 

more obvious for TVIV"). In other words, the pace of tone merger is faster. Regarding 

the sex factor, male subjects (6.13 for T2/T5’ 5.57 for T3/T6) did worse than female 

ones (4.36 for 1 V i s, 3.81 for T3/T6). However, ihc individual variability, measured in 

terms of standard deviation，is larger for male than female subjects. 

Statistical significance of the results obtained above is tested by conducting a 

3-way repeated-measures ANOVA. Sex (male vs. female), age-group (3-years in a 

group), and tone-pair ('IV'l's vs. T3/T6) arc used as the factors (IV) and confusion rate 

as the dependent variable (DV). Main effect is obtained for age-group (F = 14.545, p 

< 0.01) and tone-pair (J- = 7.913, p < 0.01) but not ‘v̂ a' (F = 2.830, p = 0.094). 

All the above results were obtained by treating all the tokens equal. We 

proceed lo investigate confusabilily among dilTerenl stimulus tokens, as plotted in 

Figure 6.4. ；c-axis shows the probability that a particular token (in v-axis) is confused 

by Ihe subjects，sorted in descending order. Sum of the probability figures for T3/T6 is 

lower than T 2 / T 5 . as cxpectcd. Interestingly, there is quite a large variation in the 

confusion probability among the tokens, ranging from 0.10 to more than 0.65. This 

gives solid evidence to lexical diffusion theory (Wang，1969), where a sound change 

(i.e. the likely tone merger (Vom tone confusion obtained in our case) is hypothesized 

to originate IVom a small group of items in the lexicon, and gradually spreads to other 

phono logically similar items. 

e 

t 

o 

there is no cicrnal right or wrong in the context of diachronic sound changes. 

The linear regression results arc, for Figure 6.2a, T /̂Ts： y 一 -0.290.Y 1 1.932: y : -0.330-v 十 1 1.245; 

for Figure 6.2b, T^/Ts: .v = -0.179.V + 7.208, T̂ fVo： y 二 -0.202.V + 5.723; for Figure 6.2c, T/I's： >'= 

-0.646.V + 8.015，T/r^.: y - -0.772.V 6.712. . 
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Figure 6.4: Tone confusion rate" plotted against dilTerent tokens for T / l ' s (left) and 

Ts/Tr, (right). 

< No two lexical items in a particular language share exactly the same role in 

day-to-day communication scenarios, be it oral or written. Such difference may cause 

the observed dilTcrcntial confusion rate among characters obtained from the 

questionnaire survey. Two such closely related factors, lexical frequency and 
I 

segmental sonority, will be studied now, as detailed below. 

Lexical frequency effect 
Depending on likelincss of occurrence, pronunciation of a lexical iiem can be 

stabilized (i.e. not to change) or drifted (i.e. to change) quite differently compared to 

others in a language. Mere, we explore the relationship between lexical frequency and 

the confusion rale by making use of an online Chinese character frequency database 

named "Hong Kong, Mainland China & Taiwan: Chinese Character Frequency - A 

Trans-Regional, Diachronic Survcy’，4i, prepared by the Chinese University of Hong 

Kong. It contains more than three million characters obtained (roni written materials 

. like magazine, newspaper published in I long Kong, mainland China, and Taiwan. ‘ 

^ 

4>Thc database is also titled in Chinese as “杏港、人陸、台辦-跨地區、跨什：代：現代漢語常丨字 

，頻)本統吉十” and is publicly accessible at http://arts.cuhk.cdu.hk/Lexis/chifreq/. , 
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The written materials arc divided into two groups according to their publication date, 

60,s (1960-1969), and 8/90's (1980-1993). 

For each of characters used in our questionnaire survey, we query its frc'quency 
It 

from the character frequency database. In particular, we limit our search by specifying 

the region as Hong Kong and period as 8/90，s，which is supposedly the closest to that 

experienced by the participants of the questionnaire survey. 

Each item in the questionnaire consists of three characters. To illustrate the 

frequency effect, we obtain its total frequency by the formula//-e^ = log(//) + Iog(/2) + 

log(/;)’ where / / ’ f j and / j denote the frequencies of the component characlcrs. 

Confusion probability is plotted against Icxical frequency in Figure 6.5. The linear 
、-、 

“一 regress ion results included show thai more frequent characters generally have a lower 

tone confusion rate，both for T2/5 and T3/T6. 
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(a) 'IVT5 (b) r3/To : 

Figure 6.5: Lexical frequency (written) effect on tone confusion rale. 

Results in Figure 6.5 come from a frequency database sampling only written 

“ . m a t e r i a l , the frequency data obtained may not fully represent the frequency of � . 

individual characters as experienced by the language users in their day-to-day oral 

communication. For instance, the characlcrs 原 ' f a c c e s ' and 蔽 ‘shameful，are 

frequently used in colloquial oral communication, bul they have extremely low 

fVequency in the database we used. A parallel frequency analysis with spoken corpus 

is necessary for helping us verify our results. 

, We made this attempt with the HKCAC spoken corpus (Leung & Law，2001) 

we used in Experiment 3, which contains phonetically transcribed data of hours of 

radio programs. Similar data extraction and analysis procedures as for Figure 6.5 were 

involved to obtain results plotted in Figure 6.6. 
» ” 
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Figure 6.6: Lexical frequency (spoken) effect on tone confusion rale. 

Comparing corresponding plots of Figure 6.5 and 6.6, wc may find much 

similarity in the two sets of results. Confusion rate varies inversely with lexical 

frequency, for both tone pairs. Besides, linear regression results also agree in terms of 

their relative magnitude (that T2/T5 is associated with a steeper slope). This indicates 

that the observed frequency-confusabilily correlation is quite consistent even after 

accounting for the oral-written language differences. * 

Segmental sonority effect , 
Next, we explore the relationship between phonological sonority and tonal confusion 

rale. As Katamba (1989, p i59 ) staled, ‘The phonological sonority hierarchy has the 

phonetic correlates of openness and propensity for voicing. The more sonorous a 

sound is’ the more audible it is likely to be", sonority roughly corresponds to the 

auditory visibility of a linguistic item to listeners. 

Many sonority hierarchies have been proposed by various scholars^?，which do 

have differences among them. To facilitate investigation, taking the common factors 

4 I 

Mere arc some example sonority hierarchies proposed by different scholars: voiceless obstruents < 

voiced obstruents < nasals < liquids < glides < voweis in Katamba (1989); complex plosives < 

voiceless plosives < voiced plosives < voiceless fricatives < voiced fricatives < nasals < laterals < 
T 

flaps < high vowels /glides < mid vowels < low vowels in Burquest and Payne (1993, pIOl); voiceless 

stops / voiceless fricatives < voiced stops < voicedfricatives < voiced nasals / voiced laterals < voiced 
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from these proposals, we establish a simplified sonority scoring scheme for each 

character, as discussed below. 

First, each character is decomposed into two constituents, namely, onset and 

rhyme. Following that a sonority score is given for each component according to the 

scheme as shown in Figure 6.7. Generally speaking，voiced onset (e.g. /j/’ /I/，/m/) is 

more sonorous than its voiceless counterpart (e.g. /f/, /t^/, /s/), and a low vowel (e.g. 

7a/) is more sonorous than a high one (e.g. /i/，/yf). The sonority score of a particular 
t 

character is simply the sum of these two scores. The character 市 ‘market, /si/, for 

instance, has a voiceless sibilant onset (score = 1) and a high main vowel (score = 

summing to a sonority score of 2. As another example, the character 衞 ‘to guard' 

/wai/ is much more sonorous, having a sonority score of 5, from its voiced onset /w/ 

(score = 2) and low main-vowel /a/ (score = 3). 

type score 
type score high i 

[-vce] 1 mid 2 
‘ [+vce] 2 low 3 

(a) consonant voicing (b) vowel height 

Figure 6.7: Scoring scheme for onset consonant voicing and height of the main vowel 

in the rhyme. 

Figure 6.8 plots sonority score against tone confusion rate for the two lonal 

pairs. Linear regression results show a direct relationship between the two. In other 

words, characters which are more sonorous yielded higher tone confusion in the 

current questionnaire survey. The trend is more obvious for T3/丁6，as revealed by the 

goodncss-of-fit value R^. 

' • “ , - “ 

r-sounds < voiced hi^h vowels < voiced mid vowels < voiced low vowels by Jespersen (1904) quoted in 

Clements (1990). 

, ‘ 
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Figure 6.8: Effect of phonological sonority on lone confusion rate. 

Discussions 
Niyogi (2006)，from a mathematical perspective, talked about Shcn's (1997) 

Shanghainese study in his book on the computational nature of language evolution. In 

the chapter, he proposed four cases, varying in two dimensions {forms used by an 

individual, and learning strategy), to model language evolution observed in Shen 's 

data. Assuming that there exist two forms of a word in a speech community, in cases 1 

and 2, individual speakers only acquire and use one form of the word, while they 

acquire and use two variants of Ihc word in cases 3 and 4. Along another dimension, 

individuals in case 1 and case 3 choose to learn the word IVom the entire speech -

community, while they only leam from their parents in cases 2 and 4. 

From the mathematical formulation, the first two cases are unstable, with one 

of the two variants driven to extinction eventually given even a slight drift from the 

unstable balance. The last two allow variations to be maintained over time. 

Apparently，cases 1 .and 2 arc closer to the Shen 's data, since the other two can ‘ 

accommodate variations forever. I lowevcr, the sound changc Shen studied still lackcd 

some critical elements, like substantial language contact, and a triggering point to 

initiate sound change. 

The ongoing tone merger wc are studying seems lo resemble case 1 and 2 more 

since results also show a trend of one of the word forms (tonal realization) 
攀 

disappearing. Different from Shen 's data. Hong Kong is always full of speakers with 

different native languages, and thus language contact, which was lacking in Shen 's 

case. 

. � ‘ 7 0 
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Successful modeling of empirical data can open a whole new horizon of 

possibilities and answers to the line of research on language evolution. To facilitate a 

more rigorous verification of empirical data against the models proposed, our 

) questionnaire survey may further be modified such that (1) repelitions arc presented 

to count the number jof forms an individual uses; (2) subjects surveyed are grouped 

into generations f rom the same family, lo investigate the source of individuars word 

form. 

There are some points to noticc regarding observations from the current 

questionnaire survey: 

For participants of the questionnaire survey, a wider age spectrum should 

render results in this study more representative. However, it must be aware that, the * 

questionnaire has to be formulated easy enough for participation rrom all ages, 

especially those young students and elderly people, such thai factors other than their 

tone discrimination judgment (e.g. literacy, memory) does not affect the results. 

Besides, the currcnt study cannot accurately point out the directionality of 

sound change. Two scenarios arc used here to illustrate the point, both involving the 

• characlcr triplet (c/ = C2 = Tx, c j = T少).Suppose a subject responds 'all the same' in 

scenario 1. From the data alone, we have no way to determine whether it is Ihc case 

where a and C2 has changed lo Ty or it is c j which changed to In scenario 2, c j is 

chosen lo sound different. This can mean (1) no change of pronunciation; (2) c/ and Q 

changed to Ty while c j changcd to (3) c j changed lo a new lone T : To be more 

precise，other combinations can happen while yielding the same discrimination 

responses for the above two scenarios. This illustrates the limitation that the currcnt 

study can at most tell the situation of lexical confusion among language users, l o 

� further determine the directionality of sound changc, evidence from other 

perspectives must be recruited, 

‘ For the frequency analysis, ihc two types of corpora we used in Figure 6.5 and 

6.6 have considerable difference in their size (nearly 140 thousands vs. more than 

three millions), as reflected in ihe smaller maximum value in the,少-axes of Figure 6.6. 

o r course, a spoken corpus of a comparable size is favorable for a fairer comparison. 

However, it must be noted thai laborious transcribing work is involved in spoken 

corpus construction, but not for written ones. Besides, Ihe HKCAC corpus we used 

collected data from radio programs, supposedly with an above-average audio 
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recording quality, for more accurate data transcription. This inevitably introduced 
J ^ 

some inherent biases, however, like the filtering of irritating content, and the trained 

standardized pronunciation of the program hosts, which are lacking for the untrained. 

For the sonority analysis, individual constituent segments have non-linear 

effect on acoustics of the syllable, so is its perceptibility. If this is taken into 

consideration in formulation of the sonority calculation, the result may better reflect 
r 

the reality. 
/ 

6.4 Summary ol findings 
In this chapter, we reported a large-scale questionnaire survey，revealing 

quantitatively the current status of the widely reported T2/T5 and T3/T6 lone mergers 

in Hong Kong Cantonese. 

Evidence of tone-merger was found in both tone pairs, with agc-dependcnl 

effccl where younger subjects made more confusion in the lone discrimination task. 

Among the lone pairs, the rising tones T 2 / T 5 were more severely confused by the 

participants than the level tones T3/TV’. These results have been verified as statistically 

significant. Rale of tone merger is found to be higher-for T3/T6. Besides, with regard 

lo sex, male subjects made more tone errors than female subjects. 

Based on the confusion rate ol'individual tokens, two factors, /exical frequency 

and phonological sonority were engaged in an attempt to explain ihc differential 

progress of tone-merger across lexicon. Essentially, confusion rate varies dircctly 

with segmental sonority but inversely with lexical frequency. These preliminary 

results suggest the need for further investigation. 

# 

i 
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CHAPTER 7 

CONCLUSIONS AND DISCUSSION 
• 、 

f 

This dissertation demonstrates our effort to propose speaking rale fluctuation as one 

of the mechanisms underlying the directional bias of speech assimilation observed 

cross-linguistically. 

First, speech production experiments (Experiment 1 and 5) were designed to 

elicit acoustic variations when language users produce speech uUcranccs under a tight 

lime constraint. The resultant speech samples were then presented to listeners in 

follow-up speech perception experiments (Experiment 2 and 6) to investigate 
I 

perceptual consequences of the observed acoustic variations (e.g. formant and Fo 

trajectories). 

Next, to guarantee the general applicability of our findings obtained with tight 

experimental control, a large-scale spoken corpus was used to analyze speech 

confusion patterns. In addition, based on relative frequencies of various slop 

‘ c o n s o n a n t s , computer modeling efforts were made. All the results obtained pointed to 

� I h c fact thai the directionality bias obtained experimentally is in fact observable in the 

general speech community. 

� Lastly, focusing on the widely attested lone mergers in Hong Kong Cantonese, 

a large-scale questionnaire survey was conducted. Using the age-grading method， 

subjects of different ages were recruited lo elicit synchronic variations in their 

categorization of tonal categories. Older subjects, who were assumed to rcfleet a 
» » 

pronunciation once existed further back in history, showed clearer tonal distinctions 
0 

in both tonal pairs under study, compared lo younger ones. The tone mergers were 

shown to progress in a lexical-diffusion manner. Several hypothesized underlying 

factors were proposed and tested. � 

Besides Ihc experimental results, below, lists some topics worth further 

discussions, as well as some directions for.future follow-up explorations. 
« 
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7.1 Experimental historical phonology 
b To pursue knowledge in a scientific manner, one has to work past the slagejjf relying 

on merely imprestjionistic judgment to set up testable and falsifiable-^^ hypolbcses, 

and proceed with experimentation. This also holds in linguistics studies if we treat the 

1 relevant research seriously. 

, Ohala (1974) put forward the idea of taking an experimental approach for 

doing historical phonology research. Instead of waiting for millennia for sound 

changes to proceed and complete44，man-made experiments were suggested instead. 

By safely assuming that the mechanisms (e.g. arliculatory and auditory constr^nts) 

driving sound changes are the same over history and at ihc prcsenl lime, hypotheses 

can be set up and verified experimentally in the laboratory. Several examples were 

given in the paper to demonstrate experimentally how some production and 

perception constraints could cause confusions in speech communication. 

Following the same philosophy, Homberl is another scholar pioneering this 
\ ‘ 

idea in the phonetics field. I Ic studied the widely reported diachronic development of 

tones from onset consonant voicing (Hombert (1978), Hombcrt et al. (1979))45. in the 

studies, the whole spccch communication chain was divided into several 

sub-processes: With production experiments, they fir si measured the magnitude and 

• ti 

Karl Popper (-1902-1994 ), a recent respected philosopher of science, considered a theory scicntific if 

and only if it is falsifiablc. 

II is not -uncommon lo find such time-consuming sound changes. K.g, ihc Great Vowel Shift in 

Middle hnglish, and lone mergers in Middle Chinese, etc. are just too slow to be observed in a 

synchronic selling. Ol.course，there are also numerous scenarios (e.g. Shen (1997) and Experiment 7 in 

this dissertation) in which noticeable variations can already be observed within a spccch community. 

I lombcrt (1977) was another attempt to investigate lone development from vowel height. Intrinsic 

vowel pitch is the tendency for low vowels lo be produced at a lower l:。，and vice versa. Kollowing a 

similar logic as lonogcnesis from consonant voicing, vowel height feature should give rise lo lone 
» ‘ 

- d e v e l o p m e n t . But it happens rarely, if at all, in reality. Perception results from the study 'j,ave an 

explanation by showing a perceptual compensation cffect: low vowels like [a] were judged higher in 

pitch and high vowels like |i] or … � w e r e judged lower. Consequently, the perceived pitch difference 

- > 
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duration of Fo perturbation due to consonant voicing lealurc. Next, with synthesized 
X t 

stimuli of the vowel |i|，they elicited listeners' ability lo discriminate pilch contours 

with differenlly sloped onsets. vSubjccls started to hear the dilTcrcncc when slope of 

the contour is 6()ms long, considerably sooner than the end-point of the ‘ 
. — 
" iVi^Mcing-inciuccd 厂()perturbation. Combining these rcsulls, ihc conditions under which 

lijinogencsis likely occurs, were found. 
i ‘ •； 

� ’ Xli (2010) is a good piece of writing trying lo defend for the use ol�laboratory 

spcccli in conducting phonclic research. Many stereo typed charactcri/.alions about 

cxpcrimcnlally elicited speech were discusscd and shown lo be untrue in tile paper. 

Not totally rejecting the use of spontaneous speech in phonclic research, 
argued 

thai with careful ex peri menial design, laboratory spccch provitlcs far nH)rc Iruc 
‘ . , , y ' 

insights about the nature of speech production. 
Age-grading (previously introduced in Section 6.1) is yet another experimental 

t 

approach to study I he diachronic dynamics of sound changcs iVom a synchronic 

snapshot of spccch production / pcrccplion patterns. By sampling spcccli production / 

• pcrccplion behavior of subjecls rrom dilToreiit age groups, the oncc-cxisting historical 

sounds can be recovered. Allhough I he inter-subject variation is inevitably more 

significant due lo various non-1 inguislic dilTercnccs across age groups'' ', it is already 

more prccisc than merely comparing lilcralurc records obtained Iroin diiTerent 

historical j^eriods**?. By assuini i j^hat ihc same linguistic principle curreiuly working 

should also work in the past and will work in the future, any insight we gain about � 

language change can be used to project to a similar past event, which is no longer 

acccssiblc (l.abov, 1974). 

With advancement of technologies, computer sinuilalion luis btx'ome another 

‘ powerful lool lo sludy historical sound changes (e.g. Niyogi (2006), Wang cf al. 
/ 

— 

between vowels of clilTorciU height�vas州udi smaller than ilie concspoiuling iicoiistic illlTercncc in Fo, ‘ 

minimizing the likcliness ol'pcrccivabic distinction, aiul thus the chancc t)t tDiiogciiosis. 

Some examples of. non-linguistic difTcrences are memory capacily, visual and auditory acuity under 

the etfect i)rbiological aging. 

Wong (2()09h) contains a more detailed discussion and as well a comparison between iliesc iwo 

approaches. 

\ ‘ 
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(2004), among others). The basic idea is lhal, computer agciUs, in I he form of software 

objects, perlbrm linguistic interactions \v i lh one another according lo a set of 

linguistic assumptions. The eventual evoliilion or omergcncc of linguistic behavior, 

- e v e n after an extended period of lime, can be ciTcclively projected given surficicnl 

computational power. The advantage of computer modeling is thai all the 

assumptions about the linguk;tic phenomenon being studied have lo be explicitly 

made (Wang ct 2004). I''or example, our modeling study in Section 4.2 made clear 
• « 

assumption of ihc parameters of coda consonanl evolution such as tlu; coda ditViision 
‘ t 
and natural allrilion rales. It is exactly these clear assiimplions maJc which enabled us « 
\o examine even the slightest shill in the oulcoinc vvilli a lilllc Iwisl ofl l ic parainclcrs. 

With reference lo the above lilcratiirc, ihc current disscrialion lakes an 

experimcnlal approach in studying speech sound evolution. Wc I'lrsl reproduced 

cxporimcnlally (in lixperimcnt 1 and 2) Ihc target sound chnngc (i.e. regressive ‘ -
a»^similation) process in the laboratory. Provided sulTicienl speaking rale variations, 

participants showed pcrccplual confusions, cspccially for rapid-speecli samples.' 
f 

Ciiveii that spcech rale nuclualion js oniniprcscnl in everyday spcccii communication 

scenarios, vvc I hen hypothesized thai ihoirgh ileralioiis ol' oral communication, such 

observed minute probahilislic perceptual conl'usion would accuniulatc to cause a 

diachronic culcgorical (phonological) shift. ‘ 

Apart frDm obtaining behavioral data (i.e. acoustic measurement and 

identification responses) under tightly controlled laboratory settings, wc also tried lo 

draw additional cnipirical\suppoi1 from real-world languages, in our ease, I long Kong 

Cantonese. Through both synchronic and diachronic analyses of spoken corpora, with 

supplementary simulation modeling, wc were able to con firm that the regressive 

I assimilation process is indeed an ongoing sound changc, and lhal speaking rale 
• ' 身 

variation is one of the driving forces behind. 

Lastly, we followed Shcn (1997) lo apply the age-grading method lo study 

ongoing IV 15 and '1�:/1�(’ mergers in I long Kong CaiUoncsc. Willi subject age as Ihc 

indepcncicnl variable, wc were able lo unveil the historical trajectory of the largcl 

lonc-incrgcrs. ) 

In sum, vvc condiicleJ a niu 11i-pcrspcclive study on I long Kong Cantonese 

sound changes, collecting experimental and empirical cvidcncc IVoni methodologies 
like acoustics, perception, corpus analysis, simulation modeling, and age-grading. 

^ » 
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7.2 Mechanism of sound change 
There is a major divergence in ihe view on the process of sound change: ‘ 、 

Neo-graniniarian hypothesis suggcsis iho nj^uUirity of sound change, i.e. it applies 

simullancously, according to cxaclly I he sainc schedule, to all I he words in which the 

conditioning context is found； implying ihc existence of a homogeneous spccch 

communily. In contrast to lhal, the Icxical diffusion t h e o r y � p i o n e e r e d by Wang 

emphasized lexical gradualness. i.e. sound changcs originate in a small 

number of words, and later on spread lo olhcr words with a similar phonological 

makeup. Besides, heterogeneity is also recogni/cil in dilTcrcnl suhgroiipy in the 

spccch coninuinily. 

The speaking-rale induced sound changcs vvc were dealing wilh in ihis 

dissertation were contcxt-dcpcndent. For inslancc, iLxperinicnl I lo 4 coiiccrncd coda 

conscMianls regressively assimilated by ihc following ousel coiisonanl. Compared to 

other characters wilh an | - n | codu, ihe labialization of | - n | to | - m | li>r sun I is ex pec led 

to progress at a rclalivcly laslcr pacc since one of its occurring contcxls, sanl-mcnU 

' news ' , is a tVeqiicnl ilcm. Consequently, this ciKla l a b i a l i z a t i o n � i f found to 

cvcnlually spread lo ihe whole lex icon, progresses al dilTcrcnt paces across lexical 

ilcnis, supporting the iiolion ol' Icxiccil dilTiisioiv'^. • 

“ The inclusion of i\ largo pool ol' characters iii lixpcriniont 7 gixcs us an 

opporlunily to sludy the query. In the Icxical dimension, if sound changc is regular, as 

proposed by the Nco-graminarians, ihc rate of confusion, and thus ihc degree of lone ~ 

merger, should bcapproxinialcly the same. J udging fro in our data, however, wo Ibund 

tliat characlcrs of dilTcrcnl segmental compositions progress on ihc lone merger 
‘ . -« 

pathway at significanlly different paccs (e.g. confusion probability of 10.22% lor Ihc 

1 rip I el (變，ftj, M ) vs. 58.40% for (!慰，,调，f®)), depending on various factors (sonority 

( 

t 
rhc same arguniciU holds also lor the lone contusion hclwccii I^undarin tone-2 ；uu) loiic-3 in IVoiU 

. I 

of another U)nc-3, as reported in Wang & l‘i (1^67). Should ihcrc be a Mandarin lonc-2 tonc-3 merger 

initialed by such lonc-3 sandhi rule, lliosc lonc-3 characlcrs frequently occun iiig in front of aiiolhcr 

loiic-3 should be ihe most susceptible to such changc. progressing much fiistct in llie tone merger 

evolulionary pathway. ^ 

‘ • ' * 
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and lexical frequency analyses in Seclion 6.3 were our two allcmpls to unveil such 

factors). In the population dimension, our results clearly show dependence of tone 

merger stage on subject age. The younger the subjects, the further stage of ^ 

I one-merger they exhibited (in icrms of lone confusion), even though they were 

members of the same spccch community from a synchronic survey. Given the 

evidence of variations in both lexical and population dimensions，our questionnaire 

survey lb Hows Bauer (1983)''^ as another i den I i Tied case of lexical diffusion in Hong 

Kong Cantonese. 

To be fair, il inusl be noted that，for every characlcr in the lex icon, I here arc 

possibly more than one ongoing sound change. In case some of I hem proceeds in ihc 

opposilc diieclion»(c.g. tonal split in ihc course of lone merger), the dilTercnlial lone 

merger schedule observed in Hxpcriment 7 may result. Extending that logic, the 

superficial tone confusion rates can be intcrjireted as resulting from numerous 

simultaneous sound changcs proceeding in a regular manner as predicted by the 

Neo-grainnKuian hypothesis. Thus, lo rigorously pursue an answer to this possibility, 

lac to IS other than Iho one under investigation (lone category in our ease), though 

difficull. must be isolated. 

Apart Iroin the aforcincnlioncd vurialions across age groups in the 

questionnaire survey, heterogeneity exists even among subjccls with similar linguistic 

(native' Cantonese speakers) and education (all receiving education in 1 long Kong, 

and mostly university degree holders) background in other phonclic experiments. For 

example, in I'xpcrimcnt 1, one o f lhe subjects' (Subject 2) coda consonanl production 

was quilc stable, without showing obvious signs of rate-depeiidcnt regressive 

assimilation. The same speaker, when parlicipating in tone production experiment 

(lixperiincnl 5). also showed slight, iT nol none a I all, F(> peak shift under high 

speaking rate. This may be speaking style prclbrence: more emphasis on accuracy 

,rather than naturalness of speech produclion. , 

, 

."'•Hie pi4pei. surveyed 75 subjects ol" various ages on two sound chaiigcs in progress in I long Kong 

Cantonese: (1) syllabic velar nasal A.)/ becoming syllabic /m/�and (2) Ihc loss of labialization ot'/k"'-/ lo 

bccome /k-/ before low back round vowel /j/. 

J 
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The picture is further complicated when wc consider the listeners' responses: 

perceptual confusions of codci and onset consonants varied a lol across stimuli from 

different speakers (e.g. 89 for stimuli IVoni Subjccl 4 in experiment 1 vs. 148 for that 

from Subjccl 3) . Grouping the pcrccpUial errors by lisloncr, considerable 

inter-subjcct variation is also present: Subject 3 responded with only 66 coufusions 

( c o d a � o n s e t ) , while Subject 1 got 1 15 confused, about 74% more probable than ihe 

former. Summing the results, it is evident thai successful spccch communication 

depends on both the speaker and listehcr. „ 

Considering the non-ncgligiblc cross-subject variations from experiments 

under light laboratory control, variations arc cxpcctcd lo be even more significant 

when one zooms oiil lo the whole population. Hong Kong, Ibr instance, has a well 

inixliirc of speakers with diJTerent linguisiic skills (e.g. iminigranls from mainland, 

IZuropcan language speakers due lo colonial history, Filipino maids). Sound change in 

a manner of lexical dilTusion is much more probable and reasonable. A homogeneous 

speech community, as assumed by Ihe Neo-grammarians, is basically non-existenl. 
« 

To conclude this discussion, sound change is observed lo originate from 

variations / heterogeneities, both across the lexicon and speakers of ihc same speech 

community. Sound changc is initialed by minute communication errors resulting from 

such variations, and proceeds and propagates to ihc whole lex icon and speech 

cDinmiinily through ilerations of communication, with co-opcralivc ciTorl from the 

heterogeneous spccch community members. 

7.3 Contextual variability ‘ 
Like compound formation from elements in chemistry study, syllables are combined 

togelhcr, limited by phonotaclic constraints, lo produce ulleranccs Ibr speech 

Given llutt Subjccl 2 show the least variation across speaking rales in Kxperiment 1, stimuli from 

him was cxpectecl to yield the smallest number of coda confusions in Hxperiinent 2. This, interestingly, 

was not the ease. Instead, stimuli from Subject 4, whose spccch showed obvious rale-dcpcndcnl 

acoustic variations, led to ihc smallest luiinber of coda conl'iisioiis. This gives ihc hint tkit some other 

factors, other than I ho Fj trajectory wc investigated, also influence the perception of consonant POA. 
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communication. This is probably one ot the reasons why many speech production and 

perception experiments took syllabic as their target unit ol" investigation. 

However, il must be noted that spoken language communication is not 

accomplished in a syllable-by-syllable manner, but through sound streams consisting 

of concatcnalcd syllables. Such conc<^tenalion involves non-linear distortion to the « 

acoustic signals. For instance,' Fo shows carryover and anticipatory elTccls (Xu, 1997) 

when tones appear successively in a speech stream, and Ibrmanls arc dcllccted 

according to POA setting of the neighboring consonants (()hman, 1966). 

The above examples illustrate contextual variabilities in one acoustic 
f 

dimension due lo another spccch unit occurring nearby. There are also contextual 

variabilities across acoustic dimensions like vowel height on pitch (i.e. intrinsic Fo of ‘ 

vowels (Whalen & Levitt, 19955')), speaking rate on KCrr (Miller el a!., 1 a n d 

consonant voicing on pitch^^ (e.g. Mouse & Fairbanks, 1953; Lchiste & Peterson, 

1 9 6 1 ) . � 

These contextual variabilities must be removed belbrc successful rcccvery of ‘ 

speakers' intended messages is possible. To counter-act it, our perceptual system 

makes use of phonetic context lo compensate for the variabilities. To recover identity 

of a target spccch unit, contextual acoustic cues like phoneme (Warren, 1970), 

‘ formant height (Ladetbgcd & Broadbent，1957), Fo level (Lin & Wang, 1985), and F‘) 

contour (Wong, 2008) are all possibly utilized by the listeners under different 

circumslanccji. , 

It is exactly the complicated contextual variabilities arising from acoustic 

interaction between neighboring segments during prodiiclioii, and the complexities 

Wlialcn & Levitt presented a typological survey of 3 1 languages Irom different language families 

.and types (i.e. tonal vs. pitch accent vs. stress). They included tlic three comer vowels in their survey, 

and the major result was that u consistent relationship between vowel-height and pilch was o'^scrved: 

‘ The higher a vowel is, the higher its Fo becomes. 

Kssenlially, when speaking rate is lower, and thus longer syllable duralion, ihc VOT values for 

consonants become longer accordingly. 

It has been widely reported that, consonant pairs (e.g. /p/ vs. /b/’ /k/ vs. /g/) always have the voiced 

one associated with a lower I'o. 
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involved in de-contextualization during perception which lead to un-negligible 

confusions, initiating sound changes. 

Our Exptjriment 1 and 2 illustrated how consecutive contextualized consonants 

influence each other under high speaking rate, and how the resultant ucoustic 

variations become so great that a categorical shift o f� the perceived consonant happens. 

Our experiments dealt with continuous spcech. Contrasting them with those 

• taking isolated syllables as the target of investigation, ihc stimuli clicited in the 

production experiments contained more variations (other than Ihc manipulated ones). 

Similarly, our corpus analyses involved spontaneous spccch samples, with evert larger 

amount of variations (e.g. emotion, speaker gender, etc.). Being more deviant from 

ihc ceteris paribus principle, other factors might play a more-lhan-cxpcclcd inilucntial 

role in leading to the investigated sound changes. However, since continuous speech 
w 4 • 
-、 : “ 

is the most frequent form of speech wc encounter, il must not be under-estimated 

when study the underlying mechanism of human speech communication. Il is always 

a pursuit lo maintain a balance between experimental control and general applicability 

of results. 
、 

7.4 Further work 
、 

In this dissertation, although effort has been put into demonstrating, from multiple 

perspectives, a pathway for diachronic assimilation proccss, the following Ibllow-ups 

are cxpccted to further,improve our understanding in our research problem. 

In Experiment 1，for simplicity, we investigated only the rate-induced 

variations of only F2.lrajcclories. A full spectrogram, however, contains many more 

than that. F|’ for instance, normally*has a higher amplitude (and is thus more audible), 

due lo Ihc -6dB/octavc spcctral filtering of the oral cavity (Clark & Yallop, 1995, 
I * 

p246-247); liesides, the lirsl few formanls are argued to conspire to correspond to 

consonant spccillcalion, as suggested by the acoustic loci theory (Ijclatlrc ei al., ‘ ‘ ‘ 
‘ - 1 9 5 5 ) . r*3，being weaker in energy level, plays a significant role in indicating lip 

rounding. If we are to generalize the finding of regressive segmental feature (currently 

only place feature in stop consonants) assimilation under high speaking rate lo other 

segmental features {c.^. friccUion, voicing^ nasality) in other consonant types, a fuller 

spectrum of acouslic^parameters have to be considered. 

t 
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In the original design of Experiment 2, natural samples elicited IVom 
* 、 

Kxpcriment 1 were used for a perceptual task. This was pnmarily to ensure that all Ihc 

acoustic cues co-varying with F2, our target cue in Experiment 1，were preserved such 

that a natural communication scenario could be re-generated as far as possible in ihc 

laboratory. Listeners' failure in stop identification given that abundance of cues 

solidly confirmed speaking rate as one of the underlying factor. If more quantitative 

details，like the F2 drift threshold for perceptual confusion, arc required, we probably 

have to resort to synthetic s t i m u l i � � w h i c h remove cross-cue co-yarianccs, allowing 

prccisc control of individual acoustic parameters. 

Experiment 3 altcmpted to obtain empirical support lor results from the 

previous two phonetic experiments, by studying a large-scale transcribed spoken 

corpus. While it currently focused only on onset / coda variation and assimilative 

influence from their neighboring segments, we also noticed other patterns like n-/l-

merger, ij- /zero initial alternation (Zee, 1999), alveolarizalion of coda consonants 
f 

(Bauer, 1979), de-labialization of rounded initials (e.g. from k��'- to A-), etc., during 

data analyses. Further in-depth study of their context of occurrence, as well as 
、 

frequency distribution may give new insights on the mechanism of sound change. 

I'he preliminary modeling attempt in Hxperimenl 4 was made lo give meaning 
、 

“ to Ihc onset / coda frequency distribution calculatcd from A spoken corpuF. More . 
S 

sophisticated computer modeling approaches, like tho^c outlined in Wang el al. (2004) 

and Niyogi (2006), should enable us to obtain more detailed parameters of the 
. * 

evolutionary trajectories like the duration of change, the onset t>f change, and Ihc 
"a 

completion time, which are hardly determined otherwise. . 

Results from lixperiment 5 indicated a lailur^ of our speech production'organs 

to properly synchronize between tonal and segmental components under rapid spccch. 

Apparently, this is due to the physiological limits as shown by previous literature on 

� makimum performance lor speech production (Kent et al., 1987; Xu Sun, 2002). 
‘ r 

An alternative hypothesis (Wang;-^^ersonal communication) suggested thai such 
t 

• . ‘ 

54 There is always a Iradc-olT between naturalness and precision of acoustic parameter control in 

experimentation. However, given ihc results of Libcrman e/ al. (1954，1957), the manipulation ofonly 

F2 is justified. \ 

、、’ •.- • 
\ 

‘ 、. 
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• ’ . 
de-synchronization may have its root in the vastly different length ol' the nerves 

. innervating the corresponding spccch organs: the recurrent laryngeal ncrvc^^ (RLN) 

runs a lot longer, and thus lake longer time for neural signals, lo innervate Ihc larynx 

for pilch control than those Ibr segmental feature control (e.g. tongue, mandible, lip, 

ctc.)56. To verify this hypothesis, electromyographic (EMG) techniques may be 

required lo directly tap the relative timing of control signal arrival. 

lixperiment 6 aimcd'al eliciting pcrccptual consequences of ihe IVpeak delay 

‘ c a u s e d by high speaking rate. The rather disappointing results indicated that, unlike 

the case of segmental place feature, the numerous co-varying cues were suspcclcd to 

help listeners successfully recover Ihc intended tones. Consequently, ihc query of the 
% 

i 

underlying mechanism for righlward lone spreading remains unsolved, awaiting 

follow-up investigations. On the other hand, the scl of acoustic cues co-varying with 

Fo, if uncovered, should be useful in applications like aulomalic pilch generation, lone 

recognition, etc. ^ ^ ^ 

Compared with previous phonetic Experiments, the questionnaire survey 

(Hxperrmenl 7) on tone^ merger guarantees a higher general applicability by 

considering a much larger sample pool. Ycf, a more even IVequcncy distribution of 
4 * 

� s u b j e c t age should minimize etTecl of outliers, and thus f acilitate more representative 
T • 

‘ statistical analysis results" Besides, tone has been shown to surfacc with considcrabld 
‘ 

‘ variations depending on the surrounding lonal context (Wong, 2006b, 2007). Such 
； . . - . 

. • ccwlext-dcpendenl variations ccftainly enhance or rcduce tonal confusion, and thus 
！ - • • - ‘ 

rate of tone change. Careful examination into the most frequently occurring context of , « 
Ihc characlcrs used in our-survey may give some hints to the mechanism underlying 

% ‘ -

» — 
• . _ 

» -
» 

： 55 The nerve： is prefixed as 'recurrent' because ils lakes u circuitous route to llrsi descend into ihe 
• • • 

, thorax before reaching the neck. This rather clufnsy conllguralion probably corncs (rem biological 

evolution of human. 
• • 

A complication here is that nerve length is not ihc sole determining factor for nerve conduction 
- t 

• • «, 

speed. Conduction speed, for instance, is in general also proportional to nerve J'lber thickness (see 

discussions in Walker, 1994). A good example is that, Ihc I ell RLN is longer than ihc right one (the two 

‘ pass around the aorta in the chcst and ihe subclavian artery rcspcclively), however, their signal 
- ‘ ‘ 

• ^ ‘ 、 、 . ‘ 
•v 
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tone merger, rather than merely a simple statement of ‘due to close rescmblancc in Fo 

shape’. 

On a global level, studies in the current dissertation only focus on observations 

/ data at the acoustic and perception stages. Other stages like physiological^ which 

imposes limits on the range of possible acoustics and perceptual acuity, and 

neurolof^ical, where a complclc speech communication pathway initiates and 

terminates al, arc left uncovered. Queries like speed limit of neural coupling between 
, 4 

production of segmental and tonal components, and neural mechanism of perceptual 

confusion, can only be convincingly solved with sophisticated techniques like 
I 

electromyography (EMG) and neural imaging. A fuller understanding of speech 
sound change is achievable with relevant research into these areas. 

- » 

» 

i 
\ . 

s 

\ . 

conduclfon latencies are claimed lo be more or less the same due lo ihc fact that the left KLN is thicker 
• « 

than the righl, compensating for the path length difference. 

• » 
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APPENDIX 
- • 

« • 

—/资東話苹音辦認測试 

以下有叫的二卞組，n丨門的,丨汽奸有•相同• V � 彳、同 . . 根械你的廣束括 n V T f ' f •州斷並丨_ 
rî r̂ff 彳、同的那個> mu^^iim-個卞的•；齊件 ’ mhm ‘丨方�丨 i 內 s o 狄示• m^m MV 
:4'如目內兄:卞的,;们‘<̂'：̂丨、|‘7:,丨1再本• mV-: ‘ (• m . *丨5內41丨號3«4示-如T.你明白以丨描摊•枕,湖丨f!始刹試-

‘ , ‘ 

in 
. 样 拒 m 

1. 軟 九 院 • 口 1 9 . , 椅 講 耳 • 口 

2. 史 尿 市 • 口 20. 幣 閉 陛 • 口 

3. W ft 庫 、 • 口 21. 社 赛 捨 • 口 

4. 來 朱 粘 • 口 22. 討 禱 肚 • 口 

5. 便 辯 變 • 口 23. 印 刀 孕 • 口 

6/ 紙 指 只 • 口 24. 忌 寄 技 • 口 
«• * 

7 . 逝 細 • 口 25. 雅 瓦 • 口 

‘ 8 . 雨 疲 與 • 口 26. 線 0 • • 

9 . 干 I) 罕 捍 • 口 2 7 . 秘 避 •！ti；、. • 口 

10. 舞 帽 、 武 口 •.. 28. 吊 釣 掉 • 口 • 

1 1 . 真 珍 陳 > • • 2 9 . ！射 it n • • 

12. 受 秀 默 • • 30. 粉 ffi 憤 • • 

13. 斧 婦 、 苦 • 口 31. • •願 怨 縣 • • 

14. 洞 凍 ‘ 動 口 32. 他 流 留 • 口 

15. m 似 始 口 口 33. E 允 尹 • 口 

16〉‘謂 慰 衛 口 口 34. 爱 丨 韋 毀 • 口 

17. 陣 鎮 斑 • 口 35. 有 ，丨,巧 柚 • • 
i 

18. 謝 借 蔗 • 口 36. 卸 萬 専才 • 口 

. ‘ mam.f^ • il̂ Si你的对助！‘ ‘ 
V 

- ^ . 

I姓名： 年齡： 性別： ®池年败： 教 度 ： ) 

Question and answer sheet used,in the questionnaire survey reported in Chapter 6 . ‘ 
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* void tr im (f I oat p i t c h [ ] . . . . ) { 
for each p i tch po i nt p i tch [ i ] 
( ‘ 

� pitch_diff1 = p i t ch [ ' ] - p i t c h [ i-1]. 
pitch_diff2 = pitch!： i] — p i t ch [ i + 1]: 

if (an upward/downward jump is found) 
( 

pitch[i] = I inear ly- interpolated value from p i t ch [ i -1 ] & p i t chn” ]： 
) 、 

1 
} 

Pseudo codc for ihc t r i m m i n g algorithm used in Lixperimcnl 5. • 
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