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Research has shown that lexical tones, a suprasegmental feature, are processed 

by native speakers as linguistic elements just like other segmental information. Among 

the four tones of Mandarin Chinese, in particular, Tone 2 and Tone 3 are very similar in 

their pitch contour shapes and thus can be difficult to distinguish in native and nonnative 

perception. A phonation type, creaky voice, has been reported to be associated with 

production of Tone 3. This study investigated the perception of Mandarin Tone 2 and 

Tone 3 and the role of creaky voice in the perception of Tone 3 among native and 

nonnative listeners. The results showed that creaky voice does not serve as the major 

cue in perception of Mandarin Tone 3. In fact, the presence of creaky voice seems to 

pyschoacoustically obscure the actual duration of the falling portion in the tonal contour, 

making it shorter in perception among both native and non-native listeners. 
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CHAPTER 1 
INTRODUCTION 

Research Questions 

This study aims to investigate the perception of Mandarin Tone 2 and Tone 3 and 

the role of creaky voice in the perception of these tones among native and nonnative 

listeners.  

In tone languages, lexical tones serve as “tonemic” distinctions at a 

suprasegmental level, an integral part attached to a syllable as an indispensable cue to 

determining a word’s meaning. Mandarin Chinese has four contrastive tones in its 

phonological inventory: Tone 1 (high level), Tone 2 (high rising), Tone 3 (low-dipping) 

and Tone 4 (high-falling) (Chao, 1948). For instance, the syllable yi has four different 

meanings depending on the tone; yi (high-level) ‘one’, yi (high rising) ‘aunt’, yi (low-

dipping) ‘chair’, and yi (high-falling) ‘to recall; to remember’. 

According to Abramson (1978), phonemic tones can be classified as static (or 

level) and dynamic (or contour) tones. In the three contour tones (Tone 2, Tone 3, and 

Tone 4) of Mandarin Chinese, Tone 2 and Tone 3 share a certain similarity in their 

physical fundamental frequency contours. Although Tone 2 is a high rising tone, there is 

a short initial falling in the tone contour before rising in its phonetic realization. This 

initial falling makes Tone 2, in reality, similar to a Tone 3 contour to a certain extent, a 

contour that also consists of a falling and rising pattern. The timing of the turning point, 

then, seems to be critical in perceiving these two tones. What are the perceptual 

category boundaries? What cues do native listeners use to mark the boundaries? Do 

non-native listeners perceive these two tones in the same way as natives?   



 

12 

Native speakers of tone languages usually use one or more acoustic and 

perceptual cues in hearing tones, such as the fundamental frequency (F0) (Howie 1972; 

Gandour 1984), amplitude contour (Chuang et al., 1972), and sometimes duration 

(Chuang et al., 1972). The timing of the turning point plays a significant role in 

determining the shape of the tone contour (Jongman and Moore, 1997).  Therefore, one 

of the focuses of the present study is the effect of timing of turning point on Tone 2 and 

Tone 3 perception.  

The current study not only investigates the range of the turning point that alters 

people’s perception from one tone to the other, but also explores a particular perceptual 

cue in Tone 2 and Tone 3 recognition—creaky voice. Creaky voice is characterized by 

reduced intensity in waveform, lower fundamental frequency, and less frequent pitch 

periods with irregular duration (Gordon & Ladefoged, 2001). This phonation type has 

been reported to be associated with the production of Mandarin Tone 3 (Belotel-Grenie, 

A. & Grenie, M., 1994). However, the role of creaky voice in Mandarin tone perception 

has not been studied extensively and it is worthwhile to examine it in finer detail, 

especially its role in distinguishing Tone 2 and Tone 3 if any.  

The present study, therefore, explores the perceptual boundary between the two 

tones among native and non-native listeners, as well as the role of creaky voice in 

perception of these two tones. The research questions that are addressed in the study 

are: 

Research Question 1: Is creaky voice associated with a certain tone(s) produced 
by native Mandarin Chinese speakers (NC)?  

 
Research Question 2: How does the presence of creaky voice affect the 

perception of tones by native Chinese speakers (NC) and native English speaking L2 
learners of Chinese (NE), respectively? 
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Research Question 3: What is the perceptual boundary of the Tone 2-Tone 3 

continuum perceived by native Chinese speakers (NC)? How does it differ from native 
English speaking L2 learners of Chinese (NE) with different proficiencies? What is the 
role of creaky voice in their perception? 

 
Research Design 

The overall design of this study involved testing two groups of listeners, native 

Mandarin Chinese (NC) speakers and native (American) English (NE) speakers who 

were second language learners of Mandarin Chinese. The NE speakers were further 

divided into two subgroups based on their ability to identify Mandarin tones in a baseline 

tone identification task. The main task for both NC and NE listeners was a tone 

categorization task, designed to examine the perception of Tone 2 and Tone 3, as well 

as the role of creaky voice in the identification of Mandarin Tone 3. The frequency of 

occurrence of creaky voice in the production of Mandarin tones among NC speakers 

was also examined. Since Belotel-Grenie & Grenie (1994)’s study did not provide a 

conclusive picture of creaky voice with production of Tone 3, it is necessary to provide 

more evidence for this matter.  

Since one of the purposes of the perception experiment was to examine the role of 

creaky voice in the categorical perception of Tone 2 and Tone 3, the two sets of stimuli 

used in the experiment were consistent in all parameters except for the creaky part. 

Two sets of 34 stimuli were generated. The contour of the creaky tokens was the same 

as for the non-creaky stimuli, but with creakiness created at the dip of each stimulus. 

The prominent characteristics of creaky voice include irregular periodicity and a sudden 

decrease in fundamental frequency and intensity. The creakiness was generated by 

randomly assigning low pitch points at the dip to create a “jitter”. Each of the participants 

did a baseline task and a perceptual task, while native Chinese speakers also 
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performed a production task. In the perception experiment, the tone tokens were 

presented by computer and the participants needed to make judgments regarding which 

tones they heard. The purpose of the production task was to decide whether there is an 

association between creaky voice and a certain tone in Mandarin Chinese.  

Outline 

This dissertation is organized in the following manner. In Chapter 2, several cross 

language speech models are reviewed, as well as literature on Tone languages, on 

Mandarin Chinese tones, and phonation types. The detailed methods of the study are 

described in Chapter 3. Results from production data and perception experiments are 

presented in Chapter 4, followed by a discussion of findings, suggestions for future 

research, and concluding remarks in Chapter 5.  
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CHAPTER 2  
BACKGROUND 

In this chapter we review the literature relevant to the present study. First, several 

cross-language speech models are discussed, since the research reported herein 

includes comparisons between native and non-native Chinese speakers. Perception in 

tone languages is then reviewed, particularly in Mandarin Chinese, (including native as 

well as non-native perspectives). Following this we review phonation type including how 

creaky voice is described in previous research and how it is associated with Mandarin 

Chinese. Finally, a summary of the rationale behind the present study is given.  

Cross-Language Speech Perception 

In the middle of the 19th century, when the treaty of Nanjing was signed, ending 

the first Opium War between the British and Qing Empires, the five ports of China were 

opened for trade. Shortly afterwards, the first English textbook in China, Devil’s talk, 

appeared in one of the port cities, Guangdong (Canton). The book collected some 

common English words and phrases with pronunciation written in Chinese characters. 

For example, the entry “How do you do?” was marked by the Chinese words “好肚油肚”, 

which reads similarly to “haw du yo du”, and literally means “good belly oil belly”.   

As amusing as it is, this anecdote has indeed, to some extent, depicted how 

people have made an effort to hear and speak foreign words. The difficulties in 

mastering a nonnative language have always been of interest to people and in recent 

decades researchers have begun to gain a better understanding of the basic perceptual 

mechanism of speech sounds. In recent years particularly, with advanced technology 

that has helped research, exploration of the neurological mechanism of speech 

perception has also emerged as a new area to complement previous behavioral studies.  
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Though our understanding of the neural mechanism is still limited, there are some 

influential models proposed in phonetics research to predict or account for patterns of 

cross-language speech perception, mostly focusing on segmental features. The three 

dominant models are reviewed in this section: 1) the Speech Learning Model (SLM) by 

James Flege, 2) the Perceptual Assimilation Model (PAM) by Catherine Best, and 3) the 

Native Language Magnet model (NLM) by Patricia Kuhl. In addition, these models will 

be extended to account for the acquisition of suprasegmental features—lexical tones by 

non-native speakers, on the basis of which, predictions on phonological acquisition of 

Mandarin Chinese tones by native English speakers will be made.  

Speech Learning Model (SLM). Flege (1995, 2002) proposed the speech 

learning model in order to account for how individuals learn or fail to learn how to 

perceive and produce L2 consonants and vowels in a native-like fashion. The major 

questions that SLM focuses on are whether or not certain L2 sounds are learnable, 

whether they are learnable only by children, and some issues in the perception of 

speech sounds. This model was developed with the background of the Critical Period 

Hypothesis (CPH) in the early 1980s, which claims “the earlier, the better”, and the 

Contrastive Analysis (CA) hypothesis, which claims that L2 phonemes that are similar to 

L1 are easier than those that are different.  

While Best’s (1995) PAM is focused on naïve learners of a foreign language, the 

target subjects described in SLM are bilinguals who have had some experience in 

speaking their second languages. Derived from four postulates, Flege’s (1995) SLM had 

seven hypotheses on second language sound acquisition.  
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The model starts with a controversial postulate that the mechanism establishing 

the L1 sound system remains intact across the life span and can be accessible for L2 

learning. Later Flege (2002) pointed out that this notion does not mean adult learners 

will ultimately achieve the same proficiency as child learners because other factors will 

interfere with the development of long-term memory representations of an L2 segment 

that are identical to a monolingual's L1. Phonetic categories are also defined in the 

postulates as the specified language-specific aspects of speech sounds in long-term 

memory representations. The other two postulates state that L1 phonetic categories 

evolve over a life span, reflecting the L1 or L2 phones’ properties, and that bilinguals 

maintain a contrast between L1 and L2 phonetic categories in a so-called “common 

phonological space”. The two languages thus eventually influence each other. 

SLM (Flege 1995, 2002) proposes some important hypotheses to account for 

cross-language speech perception and production, including:  

 Sounds in L1 and L2 are perceptually related to each other at an allophonic level 
rather than at an abstract phonemic level;  

 If an L2 sound is perceived as very phonetically different from the closest L1 
sound, it is very likely that a new category will be established for the L2 sound;  

 The likelihood for (2) to happen increases when the perceived dissimilarity 
increases; 

 When the age of learning an L2 increases, the likelihood of discerning L1 and L2 
sounds, as well as L2 sounds that are noncontrastive in the L1, will be decreased; 

 SLM proposes the concept of equivalence classification, which may eventually 
prevent creating new categories for certain L2 segments. This means that when 
equivalence classification happens, a single phonetic category will be formed to 
process perceptually linked L1 and L2 sounds (diaphones), which in production 
will resemble either L1 or L2 sounds. 

 A bilingual may establish a phonetic category that differs from a monolingual's if 
the bilingual’s category falls in the common L1-L2 phonological space, or if the 
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bilingual’s representation is based on features that are different from a 
monolingual’s.  

Production of a sound will ultimately correspond to its property presentation 

established in its phonetic category. This implies that without an accurate perceptual 

input, the production of an L2 sound will be inaccurate.  

There are two specific mechanisms that SLM (Flege 1995) proposes through 

these hypotheses by which the phonetic categories that represent L1 and L2 phonetic 

systems interact: category assimilation and category dissimilation.  

When a category is not formed for an L2 sound due to its great similarity to an L1 

sound, then the long-term memory representation that is used for an L1 phonetic 

category and a similar L2 phonetic category will assimilate, gradually leading to a 

“merged” L1-L2 category. Take Flege’s (1987) for example, in which he examined the 

production of /t/ in French and English words by English-French and French-English 

bilinguals both of whom were late L2 learners. The segment /t/ in English is usually 

realized with long-lag VOT values, and French /t/, on the other hand, is usually realized 

with short-lag VOT values. The English and French monolinguals' production data 

confirmed this. Interestingly, French-English bilinguals produced English /t/ with longer 

VOT than French monolinguals’ production of French /t/; however, the VOT of their 

English /t/ was not as long as that of English monolinguals. In contrast, the English-

French bilinguals produced French /t/ with shorter VOT than English monolinguals’ 

production of English /t/; however, the VOT of their French /t/ was longer than that of 

French monolinguals. Thus, the study showed that neither of the L2 groups established 

a new phonetic category for the L2 /t/; instead, the two sources of input information for 
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/t/ from both L1 and L2 seemed to have caused them to merge their /t/ to somewhere 

between L1 and L2, reflecting both features of English /t/ and French /t/.  

The other mechanism, category dissimilation, happens when a new category is 

established for an L2 sound. It may differ from neighboring L1 and/or L2 sounds that are 

produced by a monolingual. Flege & Eefting (1987), for example, examined the 

production of /p t k/ in Spanish and English words by Spanish-English bilinguals. Those 

segments are usually realized with short-lag VOT in Spanish and long-lag VOT in 

English. The results showed that both adult and child bilinguals produce Spanish /p t k/ 

with much shorter VOT than Spanish monolinguals. This is consistent with the 

hypothesis that the bilinguals seemed to modify their L1 /p t k/ to make them more 

distinct phonetically from those categories that they established in English.   

Perceptual Assimilation Model (PAM). Another influential model in cross-

language speech perception is Best’s (1995) Perceptual Assimilation Model (PAM). This 

model focuses primarily on the perception of a non-native language by naïve learners 

who have not had any learning experience with the language. The fundamental premise 

of the model is that nonnative segments tend to be perceived “according to their 

similarities to, and discrepancies from, the native segmental constellations that are in 

closest proximity to them in native space. (Best 1995, p. 193)”  

According to PAM, three patterns of perceptual assimilation of non-native 

segments will happen: 

 Assimilation to native category. This means a non-native segment could be heard 
by a naïve listener as either a good exemplar of his/her native category, an 
acceptable but not perfect exemplar of the native category, or a notably deviant 
exemplar. 
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 Assimilation as an uncategorizable speech sound. This means that if a non-native 
sound cannot be categorized/ assimilated to any native categories, but still is 
heard as a speechlike sound, then it is likely to be assimilated within native 
phonological space. 

 Not assimilated to speech. This happens when a non-native sound cannot be 
assimilated to native phonological space and is thus perceived as a nonspeech 
sound. 

Although PAM does not directly address issues in cross-language speech 

learning, it can be extended to apply to the second language learning process. In order 

to predict how naïve listeners discriminate nonnative phonological contrasts, PAM also 

proposed patterns for how each phone in a contrasting nonnative pair is perceptually 

assimilated. For instance, very good discrimination is predicted for Two Category (TC) 

assimilation; poor discrimination is predicted for Single Category (SC); etc. PAM takes 

into account both phonological and phonetic levels when explaining how the L1 system 

influences the perception of nonnative sounds (Best & Tyler, 2007). One notion in which 

PAM differs from that of SLM is that listeners extract information about articulatory 

gestures from the nonnative speech whereas the learners described in SLM try to form 

phonetic categories based on the acoustic cues they hear. In a manner similar to SLM, 

PAM also agrees that listeners continue to refine their perception of speech gestures 

over their lifetime.  

Native Language Magnet model (NLM). Kuhl and her colleagues (1992, 1994) 

developed the Native Language Magnet model (NLM) with the goal of characterizing the 

developmental changes reflecting how infants reorganize their phonetic perception 

during first language acquisition. The basic claim of NLM is that infants have the ability 

to discriminate any contrast in speech sounds in the world even if they have not heard 

them before. By the end of their first year, this ability is gradually lost and their brains 



 

21 

are more tuned to only the native sounds to which they are exposed. In their 

experiments, both American adults and 6-month-old infants exhibited a perceptual 

magnet effect, such that if two tokens were within one category, their physical phonetic 

distance would be perceptually shrunk or ignored by listeners, and if the two tokens 

were perceived as in a different category, their physical phonetic distance would be 

perceptually stretched.  

The implications of NLM can be extended to both first language acquisition and 

adults learning a second language. For an infant, the shrinking and stretching of 

perceptual space can actually facilitate L1 acquisition since the irrelevant information 

will be left out in perceiving phones categorically. For adults learning a second 

language, NLM claims that being exposed to one language “has distorted the underlying 

perceptual space by reducing sensitivity near phonetic prototypes, and these perceptual 

effects can be difficult to alter (Kuhl & Iverson 1994, p561).” In particular, if an L2 sound 

is close to a native language prototype, NLM predicts that it will be very difficult for L2 

learners to perceive the phonetic contrast in the second language. 

How, then, can these models be extended to account for the acquisition of lexical 

tones by nonnative speakers and what predictions can we make? Those models deal 

mainly with the segmental features of speech sound perception, but variations in 

discriminating nonnative speech go beyond vowels and consonants in many languages, 

for example, the tonal contrast in tone languages.  

The phonetic feature “pitch” is very different in a tone language like Mandarin 

Chinese, and an intonation language like English. Mandarin Chinese uses pitch 

information to discriminate lexical meanings, in addition to vowels and consonants, the 
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three of which are all integrally perceived by native speakers. On the other hand, in an 

intonation language, pitch is used to signal syntactic or emotional information at the 

phrase or sentence level. Therefore, when a non-native speaker starts to learn a tone 

language, great difficulty can be predicted simply because in their native phonological 

system, tone as an integral cue for identifying a speech sound does not exist.  

Both SLM and PAM touch upon the relationship between the difficulty of 

perceiving an L2 sound contrast and the similarity/difference between L1 and L2 

sounds. 

SLM claims that the more an L2 sound is perceived differently from the closest L1, 

the more likely a new category for the L2 sound will be established. However, in the 

tone language case, this cannot be applied, because the phonetic distance here is not 

at the same dimension since tones are used by non-tonal speakers for pragmatic 

purposes, such as asking a question or expressing emotions. On the other hand, if the 

new cue is given much attention and can be successfully separated as another 

dimension of perception by an L2 learner, then the SLM model would predict that it will 

be more likely for the L2 learner to produce the L2 sound in an accurate way. Moreover, 

both SLM and PAM agree that throughout the life span, learners will continue to refine 

their perception of speech gestures. In fact, studies have shown that even for naïve 

speakers of tone languages, the perception of tones is not totally non-existent (Halle, 

Chang & Best, 2004).  

The NLM effect predicts that if an L2 sound falls within the psychoacoustic space 

of an L1 sound, the L2 sound will be difficult to discriminate (Wayland, 2007). If this 

model is to be extended to tone acquisition, then L2 learners will face great difficulties in 
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extracting pitch contour information instead of only paying attention to the averaged 

pitch. For instance, for Tone 1 in Mandarin Chinese, the phonological category does not 

change when the averaged pitch height changes, which might be easier for native 

English speakers, since there is no nonnative contrast in perceiving Tone 1. However, 

for Tone 2 and Tone 3, which are acoustically very similar and usually only differ in 

timing of the turning point, then English speakers have to learn to be more sensitive to 

the pitch contour instead of the absolute pitch value. In this latter case, the nonnative 

contrast falls outside the phonological space of an English speaker’s native system, 

thus it will be especially difficult to learn.   

In conclusion, the three influential speech perception models have been reviewed 

in terms of their major claims and hypotheses. They address the issues in speech 

perception of segments from slightly different points of view and all have implications in 

cross language speech learning. In the next few sections, background on perception of 

tone languages, particularly Mandarin Chinese tones, and creaky voice is reviewed. 

Tone Languages 

According to Yip (2002), in approximately 60-70% of the world’s languages, tones 

determine meaning at a lexical level. Tone languages can be found in Asia, West Africa, 

and Europe, and they are estimated to be spoken by more than half of the world’s 

population (Fromkin, 1978). Pitch variation is used in all the world’s languages to signify 

meaning, emotion, or intent at a sentential level (Burnham & Mattock, 2007). For 

instance, a rising intonation of a sentence conveys a question, as in the English 

sentence “Do you speak Chinese?”; or an exaggerated intonation can be used in baby 

talk. These are different from using pitch variation or tone at a lexical level to distinguish 

lexical meaning. For example, in Thai, there are five phonologically distinctive tones; 
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therefore, for the same syllable /kha:/ there will be different meanings depending on the 

tone, e.g. /kha:/ (mid) ‘to be stuck’, /kha:/ (low) ‘galangal, a rhizome’, /kha:/ (falling) ‘to 

kill’, /kha:/ (high) ‘to engage in trade’, /kha:/ (rising) ‘leg’.  

Yip (2002) gives a clear explanation of three important terms: fundamental 

frequency (F0), pitch, and tone. According to Yip (2002), F0 is a pure phonetic term 

which refers to the signal and how many pulses per second the signal contains, 

expressed in Hertz (Hz). Each pulse, in the case of speech, is produced by a single 

vibration of the vocal folds. Pitch, on the other hand, is more a perceptual term, 

meaning what a hearer’s perception is of a signal. Very often, pitch and fundamental 

frequency are used interchangeably; however, there is no one-to-one correspondence 

between these two (Jongman et al., 2007). Pitch can also consist of non-speech 

signals, for example, in music that varies in pitch. The third term, tone, is a linguistic 

one, referring to “a phonological category that distinguishes two words or utterances 

(Yip, 2002).”  

Tone Production and Perception 

How is tone produced? As previously mentioned, the fundamental frequency of a 

sound, which is perceived as pitch, is a function of the rate of vocal fold vibration 

(Ohala, 1978). According to the description in Jongman et al. (2007), tone production is 

a process that “changes in fundamental frequency (or in rate of vocal fold vibration) are 

made by manipulating tension in the vocal folds. “  

In order to perceive a tone, a hearer must depend in whole or in part on pitch, and 

hence on fundamental frequency (Yip, 2002). The signal must contain a F0 that 

fluctuates, which also needs to be large or prominent enough to be detected in order to 

have pitch differences. Other factors include duration and amplitude. 
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Before tone perception, an important issue needs to be discussed, pitch detection. 

Klatt (1973)’s study reported that the minimal detectable differences for sounds with a 

level F0 was about 0.3Hz (also known as “just noticeable differences, JNDs”). It went up 

to 2Hz if the sound had F0 with ramp or slope. Of course in human languages, tones are 

much further apart in tonal space (Yip, 2002). It was also shown in Klatt’s (1973) study 

that pitch is easier to discriminate on a steady-state vowel than a non-steady vowel, as 

in a diphthong. Therefore, the duration is important for pitch detection as well, especially 

for contours. According to Greenberg & Zee (1979), if the syllable is less than 40-65ms 

long, contours cannot be perceived. Instead, they are mostly perceived as level. 

According to them, a real robust perception of “contouricity” needs to be about 130ms 

for the entire signal duration, though this is longer than some stop-final syllables in 

many Chinese dialects (Yip 2002).  

If F0 is important for pitch detection, it is, therefore, reasonable to assume that it is 

also the primary cue for tone perception. This is true in some languages; however, Yip 

(2002) points out that in some other tone languages, tones differ not only in F0, but also 

in duration, amplitude, and voice quality or phonation type.  

According to Gandour (1978), for many tone languages, including Thai, Mandarin 

Chinese, Yoruba, and Swedish, F0 is an indispensable cue for tone recognition. Some 

studies (e.g. Fork 1974, Abramson 1978) have shown that when other cues are 

removed from the signal except for the fundamental frequency, native speakers can still 

discriminate tones with a high degree of accuracy. In another study (Cao & Sarmah, 

2007) investigating Mandarin Chinese Tone 2 and Tone 3, native speakers did not 

recognize the synthesized stimuli with only F0 the same way as when all other cues 
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were present. On the other hand, if the original fundamental frequencies of stimuli were 

removed and only cues like duration and amplitude remained intact, tonal discrimination 

was greatly impaired (e.g. Whalen & Xu, 1992; Fu & Zeng, 2000).  

Although fundamental frequency is very important in perception in tone languages, 

there are slight differences in the weighing of this cue in different cases. It has been 

shown that Thai listeners can easily identify the tones in monosyllabic words 

(Abramson, 1962). Though Thai has three level tones, high, mid, and low, the confusion 

of mid and low tones results in only a very small number of errors, which are eventually 

eliminated when the stimuli are produced by one single speaker instead of ten 

(Abramson, 1976). Testing fundamental frequency alone can be a cue for identifying 

tones. When Abramson (1962), for example, superimposed synthetic averaged F0 

contours on each of the natural speech monosyllabic words: naa ‘field’, naa (a nick 

name), naa ‘face’, naa ‘aunt’, and naa ‘thick’, the identification rate by native speakers 

was nearly perfect. The study suggested that fundamental frequency can override other 

cues like duration or amplitude that may be associated with a tone. However, the 

addition of amplitude can enhance the perception of tones, although this addition by 

itself is not sufficient enough for tone identification (Abramson, 1975).  

In the case of Yoruba, a Kwa language spoken in Nigeria, there are also three 

contrastive level tones: high, mid, and low. There is a phenomenon in this language that 

on disyllabic words with high-high, mid-mid, and low-low patterns, only the final low tone 

is markedly lower than its preceding tone. Studies (Hombert, 1976, for example) have 

investigated the relative importance of fundamental frequency, amplitude, and duration 

in distinguishing a low tone from a mid tone in word final position. The results from that 
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study indicated that if the duration or amplitude increases, it does not cause a shift in 

identification, which suggests that fundamental frequency is the principal acoustic 

correlate of Yoruba tones, except that the falling contour is the primary perceptual cue 

of a low tone in word-final positions.  

In Mandarin Chinese there are other parameters to be used as perceptual cues 

besides fundamental frequency, such as intensity and duration. Perception and 

production of Mandarin Chinese is reviewed in the next section.  

Mandarin Chinese  

Native Perception and Production of Chinese  

Mandarin Chinese has four contrastive tones in its phonological inventory: Tone 1 

(high level), Tone 2 (high rising), Tone 3 (low-dipping) and Tone 4 (high-falling) (Chao, 

1948). For instance, the syllable yi has four different meanings depending on the tone; 

yi (high-level) ‘one’, yi (high rising) ‘aunt’, yi (low-dipping) ‘chair’, and yi (high-falling) ‘to 

recall; to remember’.  

Fundamental frequency contours have been examined in many studies to show 

their primacy in the perception cues of Mandarin Chinese. For example, in one of Howie 

(1972)’s perception experiments, synthetic tones were imposed on the real-speech 

Tone 1 syllable bao, producing four different tone stimuli. Native speakers demonstrated 

95% accuracy in identification tasks. In his other study, a set of stimuli was generated to 

form tokens that were minimally differentiated by tones taken from real-speech citation 

syllables and their fundamental frequencies were suppressed and replaced by a 

constant fundamental frequency of 128 Hz. It turned out that native speakers did very 

poorly in tone identification. This suggests the primacy of fundamental frequency 

patterns in Mandarin Chinese tone identification.   
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Gandour (1984) conducted a study to examine whether F0 height or F0 contour is 

more important as a perception cue. The results suggest that both of them are 

important, though native listeners seem to weigh F0 contour slightly more importantly 

than F0 height. In another study Massaro, Tseng & Cohen (1985) examined Tone 1 and 

Tone 2, and showed that both cues were used by native listeners, while neither F0 

height nor F0 contour alone were sufficient enough for accurate identification.  

In the contour tones of Mandarin Chinese, the confusion between Tone 2 and 

Tone 3 has long been reported and studied. In physical fundamental frequency 

contours, these two tones share a great similarity. What, then, are the acoustic 

properties that can distinguish these two tones? Shen & Lin (1991) have reported that 

besides the F0 height, which contributes to distinguishing these two tones, there are two 

other parameters that are relevant. These include: (i) the timing of the turning point, 

defined as the duration from the onset of the tone to the point of change in F0 direction, 

and (ii) the decrease in F0 from the onset of the tone to the turning point, which they call 

the ∆ F0. Shen & Lin (1991) found that Tone 2 usually has an earlier turning point and 

smaller ∆ F0 than Tone 3. When ∆ F0 is set at 30 Hz, native speakers of Mandarin 

Chinese perceive Tone 3 when the turning point is more than 40% of the total length of 

the stimuli. When ∆ F0 is 15 Hz, Tone 3 is perceived when the turning point is more than 

60-70% of the total length of the stimuli. However, Shen and Lin (1991) were not 

specific about the geographical affiliation of the Mandarin Chinese speakers who 

participated in their study. Marked idiosyncrasies among Mandarin Chinese speakers in 

producing Tone 3 can be safely considered as regional features; e.g. Yip (2002) reports 
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that the Tianjin variety of Mandarin Chinese differs significantly from the Beijing variety 

in terms of the production of Tone 3. 

Other perception studies have also shown that these two parameters are very 

important cues to distinguishing Tone 2 and Tone 3. Moore & Jongman (1997) reported 

the simultaneous effect of timing of the turning point and ΔF0 in Mandarin Chinese 

speakers’ perception of Tone 2 and Tone 3. In one of their experiments, they 

manipulated the timing of the turning point and ∆ F0 systematically in isolated synthetic 

speech stimuli. They first created 12 stimuli having turning points at various times from 

20 to 240 ms in 20 ms steps, then each stimulus was varied in terms of ΔF0 ranging 

from 10 to 70 Hz in 5 Hz steps. All 156 stimuli (12 X 13) were presented to native 

speakers of Mandarin Chinese in a forced choice perception test where lexical entries 

with Tone 2 (‘not’ 无) and Tone 3 (‘dance’ 舞) were the choices. The results showed that 

when the turning point is earlier than 240ms and ΔF0 is below 30 Hz, more Tone 2 is 

perceived. When the turning point is more than 200ms and ΔF0 is larger than 35Hz, 

subjects report Tone 3 responses. They concluded that ΔF0 becomes crucial in the 

perception of Tone 3 when the turning point is late; however, in that case ΔF0 needs to 

be more than 35 Hz.  

Cao & Sarmah (2007)’s study also investigated the turning point in perceiving 

Mandarin tones. The results showed that when the timing of the turning point is between 

42.5% and 72.5% of the total length of the stimuli, the stimuli will be associated with the 

lexical meaning ‘horse’ (Tone 3, 马). However, if the timing of the turning point is less 

than 42.5% of the total duration of the stimuli, the stimuli will be associated with the 
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lexical meaning ‘hemp’ (Tone 2, 麻). If the turning point occurs after 72.5% of the total 

length of the stimuli, the stimuli will be associated with the meaning ‘scold’ (Tone 4, 骂).  

In Chuang et al. (1972)’s study, most of the identification errors resulted from the 

confusion between Tone 2 and Tone 3, but the pattern of confusion is asymmetrical. 

There were many more errors resulting from misidentifying Tone 3 as Tone 2, than from 

misidentifying Tone 2 as Tone 3. If this cannot be easily explained by the cues 

discussed above, it could, perhaps, be related to a phonological rule that Mandarin 

Chinese has, known as tone sandhi (Chao, 1948)—a Tone 3 becomes Tone 2 when it 

precedes a Tone 3. For instance, the two compounds, fen-chang (Tone 2-Tone 3) 

‘graveyard’ and fen-chang (Tone 3-Tone 3) ‘flour factory’ are homophonous in 

connected speech.  

Besides the primary cue, F0, in Mandarin Chinese tone perception, there are other 

cues, such as duration and amplitude. From production data, it has been shown that 

Mandarin tones also differ in their overall duration (e.g., Chuang et al., 1972). Tone 2 

and Tone 3 seem to be longer than the other two tones, and Tone 4 is the shortest, 

although this may change if they are in different positions and serve different functions 

in a sentence. Blicher et al. (1990) reported that lengthening the duration of stimuli 

which are ambiguous between Tone 2 and Tone 3 will make the identification more 

often Tone 3. In Cao & Sarmah (2007), even though the total duration of ambiguous 

Tone 2 and Tone 3 was kept constant, when duration of turning point and/or the timing 

of turning point changes, duration alone could not be a distinctive cue for the perception 

of Tone 3 as other factors would still cause native speakers to make judgments favoring 

Tone 2. 
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Studies have also investigated how amplitude affects tone perception. For 

instance, Chuang et al. (1972) showed that overall, Tone 4 has the highest amplitude 

and Tone 3 has the lowest. Although amplitude is considered to have little effect on tone 

perception, there is some evidence that it can be used alone as a perceptual cue. When 

Whalen & Xu (1992), for example, removed the F0 and formant structure from a natural 

speech signal and only the amplitude information remained, native listeners were 

successful in tone identification for all but Tone 1 tokens.  

From the studies above, we have seen that the primary acoustic and perceptual 

cue for Mandarin tone identification is fundamental frequency. Besides this most 

important cue, ΔF0, turning point, duration, and amplitude all contribute to the 

perception of Mandarin tones.   

Non-Native Perception and Production of Chinese and its influence on L2 
acquisition of Tones 

We have seen that native speakers of Mandarin Chinese identify tones using 

various acoustic cues. Studies using neuroimaging techniques also suggest that 

Mandarin tones, for native speakers, are lateralized in the left hemisphere, which 

suggests that lexical tones are processed as linguistic elements in the same way that 

other segmental properties are processed (Wang, Jongman, & Sereno, 2001). Will 

nonnative speakers process tones the same as native tone speakers? Will they process 

tones linguistically or auditorily? How will the similarity and difference influence their 

learning of Chinese tones? 

From various studies, it has been shown that since the F0 and pitch pattern 

associated with the lexicon is unfamiliar to speakers whose native language is nontonal, 

tone is very difficult for them to learn (e.g. Shen 1989).  
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First, tonal errors made by nonnative speakers have been investigated in some 

studies. For example, in Shen (1989), American learners who had learned Chinese for 

four months were tested for production of tones. The results showed that the learners 

made errors on all tones with Tone 4 having the highest error rate (55.6%). Shen 

speculated that Tone 4 is more likely to be subject to first language interference, 

because it is prosodically less marked for English learners. Another study by Miracle 

(1989) also looked at tonal errors and reported an overall rate of 42.9% of errors by 

second-year American learners of Chinese. He classified the tone errors as tonal 

register, meaning either too high or too low, or tonal contour errors. What is interesting 

in that study is that the two types of errors were found evenly distributed among tones 

and tone errors. Specifically, the register errors for Tone 1 were produced when the 

high level tones were too low in tonal space; the contour errors for Tone 1 were realized 

by a falling contour instead of a level contour. The register error for Tone 2 was too high 

in tonal space and the contour error occurred when a level or falling contour was 

produced instead of a correct rising contour. The same register error occurred with 

Tone 3 and the contour error occurred when it was realized as a rising tone. The 

register error for Tone 4 was realized in the mid-low register and contour errors were 

mainly level ones instead of falling contours.  

Secondly, there seem to be great differences between the pitch range of native 

Chinese speakers and English speakers, which might influence L2 learning. Chen 

(1974) conducted an experiment comparing pitch range between Chinese and English 

speakers with sentences in both languages. He found that the pitch range of Chinese 

speakers speaking Chinese was 1.5 times wider than for English speakers speaking 
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English. Even when English speakers spoke Chinese, their pitch range increased, but 

not to the same degree as that of native speakers. Therefore, the implication for 

American English learners of Chinese is to make pitch range much wider.  

There are also differences in perceiving Chinese tones between native and non-

native speakers. Fundamental frequency is the primary perceptual cue for native 

Chinese speakers. The two parameters of height and contour, however, have been 

shown to be weighted differently, depending on the linguistic experience of listeners 

(Wang 2006, Gandour 1983). In Gandour (1983)’s study, perception of tones was tested 

by listeners of both tonal languages and non-tonal languages. The four types of tonal 

language listeners were Mandarin, Cantonese, Taiwanese, and Thai, and the nontonal 

listeners were English. By using multidimensional scaling, Gandour found that English 

listeners placed much more importance on F0 height, and less attention was given to the 

contour, compared to listeners of most of the tonal languages. The author speculated 

that since there are no contrastive tones in English and pitch variation is usually used at 

sentence level, English speakers only direct their attention to F0 height.  

Duration is another perceptual cue that is used by listeners. Tone 3 is usually 

longer than Tone 2 in citation form; however, there seems to be a difference in its role 

among native and non-native speakers. In Change (2011), duration-normalized and 

non-normalized stimuli of Tone 2 and Tone 3 were compared in a perceptual 

experiment by eight native Chinese and eight non-native listeners. Their results showed 

that for native listeners, the absence of the duration cue did not affect the accuracy of 

the tone recognition but longer reaction time was needed; on the other hand, non-native 

listeners suffered greatly in their perceptual accuracy as well as reaction time. The 
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author concluded that syllable duration may facilitate Tone 2- Tone 3 distinction for 

native speakers and serves as a primary cue besides F0 for non-natives.  

Another difference lies in the context of tone presentation and can be attributed to 

first language interference. Broselow et al. (1987) compared the perception of tones 

presented in isolation and in the context of two or three syllables by American learners 

of Mandarin. The interesting finding from this study is mostly on the nonnative 

perception of Tone 4. Different from Shen (1989)’s result, Broselow et al. (1987) found 

that Tone 4 was the most easily identified tone when presented in isolation, as well as in 

the final position of a two/three syllable word. The errors of Tone 4 only became worse 

when the tone was presented in non-final position. Broselow et al. (1987) discussed the 

possible rationale for this phenomenon and concluded that it might have resulted from 

the interference of English intonation patterns. In English, falling intonation occurs at the 

end of a declarative sentence, which is acoustically similar to that of Tone 4 in 

Mandarin. That being the case, it is possible to explain why English speakers identified 

Tone 4 more accurately in final position by virtue of the fact that they are very familiar 

with this pattern. In addition, the study showed that Tone 4 was more likely to be 

misidentified as Tone 1 when in utterance-final position. The authors also explained this 

as due to first language interference. Because both Tone 4 and Tone 1 start with a high 

pitch, English listeners are more likely to pay attention to the high part and ignore what 

follows, as is the case at the end of an English sentence. White (1981)’s study also 

showed first language influence on tone perception. He found that English listeners tend 

to identify the high tones as stressed and low tones, like Tone 3, as unstressed. In fact, 
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however, stress in Mandarin is not realized from fundamental frequency but from 

duration and amplitude.  

In conclusion, we have discussed phonetic implementation in production and 

perception of lexical tones in tone languages in general and in Mandarin Chinese in 

particular. Native and nonnative perception and production of Mandarin Chinese were 

also compared, with the result that linguistic experience does influence the acquisition 

of tones, either positively or negatively. Though different patterns of tone processing 

have been seen in nonnative speakers, as well as in hemisphere lateralization (Klein et 

al., 2001), the performance of tone learning can be improved through training, even 

after a short period of time (Wang et al., 2000). Moreover, cortical involvement when 

processing tones can also be modified as proficiency improves (Wang et al., 2000). 

Categorical Perception and Mandarin Chinese Tones 

Tones are perceived linguistically by native speakers just like vowels and 

consonants are. This has been supported by a number of studies. One of the earliest 

studies (Van Lancker & Fromkin, 1973) found in native Thai speakers a right ear 

advantage in hearing tones in words rather than hearing “hummed” tones with no 

segmental information. Similarly, Wang et al. (2001) found the same patterns in 

Mandarin Chinese by comparing the tone errors of dichotically presented tone pairs by 

Chinese and English native listeners. Chinese listeners showed a significant right ear 

advantage whereas English speakers showed no ear preference. In recent years, 

studies using neuroimaging techniques have also yielded results that support this claim. 

For instance, Gandour et al. (2000) used PET to examine tone processing in Native 

Thai speakers and found that they used mainly the left hemisphere to process tones as 
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other linguistic elements, whereas native English speakers did not show any 

lateralization. 

If tones are perceived as a linguistic segment, are they perceived categorically? 

Categorical perception, according to Liberman (1957, 1967), refers to the phenomenon 

“whereby small steps along an acoustic continuum will produce perceptible differences 

when they occur between phonetic categories, but not when they occur within a 

phonetic category (Gandour, 1978, pp. 58).” A few decades later, Kuhl (1991, 1994) and 

her colleagues proposed the concept of “perceptual magnetic effect”, which also argues 

that speech sound perception is strongly influenced by category goodness—it is more 

difficult to discriminate a prototype (good exemplars) from its variants than a 

nonprototype from its variants. This phenomenon has been widely studied in 

consonants and vowels in a number of languages. However, very limited work has been 

done on categorical perception of the suprasegmental feature, tones.  

One of the early studies by Abramson (1976) examined the native perception of 

three Thai tones: the three static low, mid, and high tones. A continuum of 16 level 

tones with constant F0 contours was used on the syllable [kha:] between 92 and 152 Hz. 

The results showed that most Thai listeners were able to place the continuum into their 

corresponding three tone categories. However, their discrimination performance was 

high throughout the continuum and no clear peaks at the “presumed” boundaries were 

shown. Halle et al. (2004) speculated that the static tones might be expected to yield 

lower categoricity and perhaps the perception of dynamic tones is more categorical in 

nature. Wang (1976) also reported a study on categorical perception in Mandarin 

Chinese. There was an 11-step continuum of the syllable [i], starting with a 135Hz level 
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tone and tones that rose in a linear fashion from 105-132 Hz to 135Hz. From the 

perception results, native Mandarin Chinese speakers did show a pattern of 

categoricity, which was absent for English listeners. Based on the study, Wang (1976) 

concluded that tone perception in Mandarin Chinese is categorical. However, there 

were very limited numbers in that study, with two Chinese participants and three English 

speakers. Another study by Stagray & Downs (1993) also provided some evidence for 

this claim. They presented a continuum of level tones with pitch variations to Mandarin 

Chinese listeners and English listeners. It was revealed that Mandarin listeners were not 

as sensitive as English listeners to small F0 contour variations when doing a same-

different discrimination task. Chang & Halle (2000) claimed to have the first study using 

tone continua for the issue of tone categorization with Taiwanese Mandarin listeners. 

Their study reported a gradient in categoricity, in the sense that tones are perceived in a 

roughly similar degree of categoricity compared to vowels.  

Chang and Halle (2000)’s claim notwithstanding, there was an earlier study in 

1976 in which Zue reported a study on the categorical perception of Mandarin Chinese 

tones (Gandour, 1978). The study used a continuum that had nine variants with a 

possible intended target of between Tone 2 and Tone 3. Those nine tones were 

superimposed to a synthetic syllable bao, with a rising linear fundamental frequency 

contour of 100 to 160 Hz. What caused these nine tokens to differ was the duration of 

the portion before the point of rising (also called “turning point”, according to Shen & Lin, 

1991), which varied from 0- 400 ms with a 50ms step. Interestingly, both Chinese 

listeners and English listeners showed a sharp category boundary at Variant 5 (in which 

the point of rising was in the middle of the stimuli) and a peak in discrimination at the 
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category boundary. This suggests that both native and nonnative listeners treat Variant 

1-4 as “predominantly rising” and Variant 5-9 as “predominantly level”. However, the 

similarity between native and nonnative perception in categorizing these variants might 

be due to the limited number of subjects and tonal stimuli as well.  Cao and Sarmah 

(2007) also conducted a study, similarly but on a finer scale, to examine the role of the 

shape of the pitch contour in the perception of Mandarin Chinese Tone 3 and 

categorical perception of tones. A set of stimuli was constructed by varying a recorded 

Tone 3 of syllable ma in two conditions: (1) varying the duration of the dip (or turning 

point) and (2) varying the timing of the turning point (duration of the slope). There were 

thus 40 stimuli total in a continuum with a constant duration of 400ms. Those variations 

of duration of dip or timing of the turning point were made incremental at a 10ms step. 

The manipulated stimuli were presented to native speakers of Mandarin Chinese in two 

sets: (a) a set of speech stimuli and (b) a set of non-speech stimuli. The results showed 

that to be perceived as Tone 3, the duration of the dip should not be more than 67.5% 

of the total length of the stimuli. Once the dip is more than 67.5% of the total length of 

the stimuli, Mandarin Chinese speakers perceive the stimuli as Tone 1. In addition, a 

Tone 3 is perceived if the turning point occurs between 42.5% and 72.5% of the total 

length of the stimuli. If it occurs before 42.5%, it is most likely to be perceived as a Tone 

2 and if it occurs after 72.5% of the total length of the stimuli, the stimuli is perceived as 

Tone 4. This study provided evidence of a clear categorical perception of tones by 

native speakers, though the non-speech stimuli that were devoid of consonantal and 

vocalic information did make it difficult for native speakers in accurate identification and 

thus they perceived them categorically. Halle et al. (2004) conducted a tone continuum 
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perception experiment on Taiwanese Mandarin listeners and French listeners. The 

stimuli consisted of three types of continuum: Tone 1- Tone 2, Tone 2- Tone 4, and 

Tone 3 –Tone 4. The Mandarin listeners showed a categorical perception at the tone 

boundaries, whereas the French listeners showed no increased sensitivity near 

category boundaries, suggesting the influence of a language experience effect on 

speech perception. On the other hand, the performance of nonnatives was not that bad, 

according to the results. The authors speculated that this was due to the sensitivity to 

intonation contours by the French listeners; or, according to the PAM model, tones 

would fall in the “uncategorized” phonetic space for French listeners and they would 

have fair to good performance depending on the perceived salience.  

Another issue is the influence of speaker F0 range. Tones can be perceived using 

acoustic cues, but in natural speech they are also perceived relative to other tones. 

Listeners have to pay attention to a speaker's F0 range in order to distinguish tones that 

differ only in F0 height. A few studies have examined the role of the extrinsic F0 in tone 

perception. For instance, Moore and Jongman (1997) investigated speaker 

normalization in the perception of Tone 2 and Tone 3 in Mandarin Chinese by 

examining listeners’ use of F0 range as a cue to speaker identity. There were two 

speakers with different F0 ranges so that Tone 2 of the low-pitched speakers and Tone 3 

of the high-pitched speakers occurred approximately at the equivalent F0 height. The 

three tone continua varied in either turning point, ∆ F0, or both, and both attached to a 

natural precursor phrase from each of the two speakers. The results from the study 

showed that identification shifted such that the same stimuli were identified as low tones 

in the high precursor condition, and as high tones in the low precursor condition. The 
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study suggested that tone identification is influenced by F0 change and listeners use that 

cue as a reference to interpret ambiguous tones.  

The present study focuses on one of the important perceptual cues for Mandarin 

tones: turning point, and particularly the timing of the turning point in the tone continuum 

of Tone 2 and Tone 3. We hope to discover the perceptual boundary of these two tones. 

In addition, we examine voice quality (creaky voice) to determine its role in Tone 2 and 

Tone 3 perception. 

Creaky Voice and Mandarin Chinese 

In the production of Mandarin tones, there is one acoustic cue that is of interest 

here and which has received less attention, namely phonation quality. Phonation 

quality, such as creaky voice, breathy voice, and modal voice, has generally been a less 

studied area in language research. In some languages, there is vowel or consonant 

phonation contrast; therefore, in those languages, phonation quality may be associated 

with a perception cue. In Mandarin Chinese, these phonation qualities do not form 

segmental contrasts.  

Creaky voice is characterized by reduced intensity in waveform, lower 

fundamental frequency, and less frequent pitch periods with irregular duration (Gordon 

& Ladefoged, 2001). According to Keating (2006), creaky voice, or a constricted glottis, 

is associated with aperiodic glottal pulses.  The irregular pitch periods can be visually 

reflected by “the increased distance between the vertical striations reflected pitch 

pulses, before the modal voicing commences…” (Gordon & Ladefoged, 2001, p.387).   

Although creaky voice does not differentiate words at their semantic level, it has 

been studied in its association with production and perception of Mandarin Chinese 

tones.  



 

41 

Creaky voice has been reported as being associated with Tone 3 and Tone 4 in 

Mandarin Chinese (Belotel-Grenie, A. & Grenie, M., 1994). In that study, production 

data from 7 native speakers (4 M, 3 F) of 31 words were analyzed, and the vowel in 

those words was /a/. The results showed that for all four male speakers, creaky voice 

was always associated with Tone 3 (8 times for 8 words); for the three female speakers; 

however, the occurrence of creaky voice was 4/5, 1/8, and 3/6. In the study that the 

same authors conducted later (1995), similar results were reported based on data from 

a male speaker reading monosyllabic Chinese words with no initials but all kinds of 

vowels (low vowel, high front vowels, and high back vowels) were included. The data 

from that speaker showed the percentage of words produced with creaky voice to be 

45.8% in Tone 3 and 10.5% in Tone 4, with no occurrences of creaky voice in Tone 1 

and Tone 2. High front vowels were also more associated with creaky voice than high 

back vowels. However, because of the very limited number of participants in these 

production studies, it is difficult to generalize this result into a solid conclusion.   

What is the role of creaky voice in the perception of Mandarin Tones then? There 

have been a limited number of studies in this area. In Belotel-Grenie, A. & Grenie, M 

(1997), it was determined that the recognition point was earlier for a creaky Tone 3 than 

for a non-creaky Tone 3. In the experiment reported in that study, four words containing 

the vowel /a/ and consonant initials--/m/, /n/, /l/, and /d/ were recorded by two speakers 

(one female and one male). The male speaker produced creaky voice and the female 

did not (it is not clear, however, whether the creaky voice was present for all or some of 

the tones reported therein). Those stimuli were subsequently partitioned into 30%, 40% 

segments, up to 100% of the duration of the tone for the perception experiment. Ten 
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native speakers participated in the identification task. The results indicated that a Tone 

3 produced with creaky voice is recognized more quickly (at 60% of the duration) than a 

Tone 3 without creakiness (at 70%). The authors asserted that creaky voice is a 

secondary cue for Tone 3 perception, based on the results of their study. 

Creaky voice has also been studied in other tonal languages and dialects. For 

example, creaky voice in Cantonese has been reported as being associated with the 

production of the lowest tone (mid-falling), Tone 4 (Vance, 1977). Yu (2010)’s study 

reported speech data from eight Mandarin speakers and eight Cantonese speakers 

which showed that 68% of Mandarin Tone 3 was found to have creaky voice, but only 

25% overall in Cantonese Tone 4.   

These results notwithstanding, there are some limitations in these studies. The 

number of participants from whom production data was collected, for example, was 

small. Also, the number of vowels and consonants included in the speech data was 

limited.  Furthermore, the issue of how creaky voice interacts with categorical 

perception of Mandarin tones not only among native speakers but also among non-

native speakers was not addressed. Therefore, the current study is an attempt to fill 

these gaps and provide a more comprehensive understanding of the role of creaky 

voice in the production and perception of Mandarin tones, specifically, Tone 2 and Tone 

3.  

Determination of Creaky Voice 

Figure 2-1 is an example of modal, breathy, and creaky voice given in Gordon and 

Ladefoged (2001, p.390) from voiced vowels in Jalapa Mazatec words. In their paper, 

Gordon and Ladefoged discuss a number of phonetic properties that are associated 

with distinguishing creaky voice from breathy phonation and modal voices, including 
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periodicity, acoustic intensity, spectral tilt, fundamental frequency, formant frequencies, 

duration, and airflow. Although different languages do not have a uniform measurement 

for these parameters, some general contrasts in these phonetic properties can be 

found.   

In the present study, aural and visual inspection of the waveform was the primary 

method used to determine the presence of creaky voice. There were two raters who 

listened and inspected the waveforms of the production data. There are other 

measurements, however, that can also be used to detect creaky voice, such as running 

a Fast Fourier Transform (FFT).  According to Gordon and Ladefoged (2001), the 

spectral tilt (difference between the amplitude of the second harmonic to fundamental 

frequency, H2-F0) is most steeply positive for creaky vowels (Figure 2-2.).  

The snapshots of waveform (Figure 2-3, Figure 2-4) were taken from two native 

Chinese speakers who participated in the production experiment—pronouncing the 

syllable [ma] with Tone 3 and Tone 2. Creaky voice can be seen in the circled area in 

the top waveform (Figure 2-3), while the bottom waveform (Figure 2-4) has no creaky 

voice present.  In the FFT spectra of a slice from the vowel [a], there is a positive slope 

from F0 to H2 in the top spectrum (Figure 2-5), indicating the presence of creaky voice, 

which is absent in the second FFT spectrum (Figure 2-6).  

If the production data from the study above was conclusive that creaky voice is 

highly associated with production of Tone 3 in Mandarin Chinese, then how important is 

it in perceiving Tone 3? Will the absence or presence of creaky voice influence the 

categorical perception of Tone 3 and Tone 2 among native listeners and nonnative 

listeners?  Do native listeners and nonnative listeners pay attention to this cue in the 
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same way? What is the difference in the relative importance between phonation cues 

and pitch contour in tonal identity?   

The goal of the present study is to answer those questions by exploring the 

categorical perception of Mandarin Tone 2 and Tone 3, and the role of creaky voice in 

the perception of these two tones, among native and non-native speakers. This 

research was guided by the following questions:  

Research Question 1: Is creaky voice associated with a certain tone(s) produced 
by native Mandarin Chinese speakers (NC)?  

 
Research Question 2: How does the presence of creaky voice affect the 

perception of tones by native Chinese speakers (NC) and L2 learners of Chinese (NE), 
respectively? 

 
Research Question 3: What is the perceptual boundary of the Tone 2-Tone 3 

continuum perceived by native Chinese speakers (NC)? How does it differ from L2 
learners of Chinese (NE) with different proficiencies? What is the role of creaky voice in 
their perception? 

 
Chapter 3 describes the methodology used in the present study. Results and a 

discussion are presented thereafter.  
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Figure 2-1.  An example of modal (top-left), breathy (top-left), and creaky voice (bottom) 
given in Gordon and Ladefoged (2001, p.390) from voiced vowels in Jalapa 
Mazatec words. 

  

Figure 2-2.  FFT spectra of modal (top-left), breathy (top-right) and creaky (bottom) 
vowel /a/ in three San Lucas Quizvini Zapotec words (Gordon & Ladefoged, 
2001) 
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Figure 2-3.  Waveform of a Tone 3 [ma] produced with creaky voice. 

 

Figure 2-4.  Waveform of a Tone 2 [ma] produced without creaky voice. 

F0   H2 

 

Figure 2-5.  FFT spectra of a slice from the vowel [a] with creaky voice 
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   F0   H2 

 

Figure 2-6.  FFT spectra of a slice from the vowel [a] without creaky voice 
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CHAPTER 3 
METHOD  

The two major goals of this dissertation are to investigate the use of creaky voice 

phonation in native production of Mandarin Chinese tones, and to examine the effect of 

creaky voice in the categorization of Mandarin tones 2 and 3 among native and non-

native speakers of Mandarin. The study was guided by the following research 

questions:  

Research Question 1: Is creaky voice associated with a certain tone(s) produced 
by native Mandarin Chinese speakers (NC)? 

 
Research Question 2: How does the presence of creaky voice affect the 

perception of Tones by native Chinese speakers (NC) and L2 learners of Chinese (NE), 
respectively? 

 
Research Question 3: What is the perceptual boundary of the Tone 2-Tone 3 

continuum perceived by native Chinese speakers (NC)? How does it differ from L2 
learners of Chinese (NE) with different proficiencies? What is the role of creaky voice in 
their perception? 

 
The experiments consisted of three parts—a tone baseline task, a tone production 

experiment, and a tone categorization experiment. First, native speakers of Mandarin 

Chinese and L2 learners of Chinese did a tone baseline task for the purpose of 

measuring proficiency of Mandarin tone perception, and to divide the NE up into two 

groups. Each of the native Chinese participants was then recorded producing 

utterances with target mono-syllabic Chinese words with all four tones and the presence 

of creaky voice was examined in the production data. In the third task, categorization of 

tone 2 and tone 3 among both NC and NE was examined. Two sets of tone continuum 

were created such that creaky phonation was present during the dip duration in the 

“creaky voice” set, but was absent in the “clear or modal voice” set. All other parameters 

were the same. Both sets of stimuli were randomly presented to both NC and NE for 
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tone categorization. Categorization differences, particularly for tone 2 and tone 3 among 

the two groups were examined. In addition, the effect of L2 proficiency on tone 

categorization among L2 learners of Chinese (NE) was investigated. 

Participants 

Group 1 (Native Chinese Speakers): Thirty-three native speakers of Chinese, 

age 22-40 (Mean=28.5, SD=5.3), with no reported hearing or speaking problems, 

participated in the experiment; however, one participant was disqualified as a result of 

failing the tone baseline task (less than 50% correct) and two other participants’ 

perceptual data were lost due to a technical problem. Therefore, data from 30 

participants were included in the analysis. 

Among the thirty native Chinese speakers, fifteen (7 females and 8 males) were 

born and grew up in Beijing (capital of the People’s Republic of China) until the age of at 

least 18.  The other fifteen (9 females and 6 males) were from other areas of China, 

including ten provinces (Heilongjiang, Liaoning, Shandong, Hebei, Henan, Xinjiang, 

Jiangsu, Anhui, Hubei, and Jiangxi) and one municipality (Shanghai). All of the Chinese 

participants could speak standard Mandarin. Among the fifteen non-Beijingers, four (two 

from Jiangsu, one from Jiangxi (male), and one from Shanghai) also spoke a variety of 

Wu dialect, and the others were from regions where mainly Mandarin is spoken.  

The thirty native speakers of Chinese were either studying or working at the 

University of Florida, and had been in the United States for 7 months to 12 years 

(Mean= 2.9 yrs, SD.=2.4). Among the Chinese participants, eleven of them reported 

having musical training experience from 1 to 16 years (Mean=2.5 yrs, SD= 4.4). Two 

are left-handed. They were all paid for participating in the study.    
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Group 2 (English Learners of Chinese): Forty-two native speakers of American 

English, age 18-23 (Mean = 20.9, SD =1.4), 14 females and 28 males, participated in 

the experiment. All of them except one (first year graduate student) were undergraduate 

students at the University of Florida. None reported any speech or hearing problems. 

Four indicated left-handedness. Seventeen of the English speakers were paid for 

participation, and the other twenty-five received extra credit for their Chinese classes.  

All the native English speakers had completed, or almost completed, at least two 

semesters of Chinese at the University of Florida or another institution. Except for one 

participant, who started learning Chinese with a tutor at age 6 for four years and 

continued in college from age 18-21 (thus had been excluded from data analysis), all 

other native English speakers were late learners of Chinese (AoA later than age 16) and 

the length of their Chinese learning ranged from two semesters to four years. Eighteen 

of them had study aboard experience in China for at least three months in Beijing, 

Shanghai, Chengdu, or Taiwan. There is another speaker who did not pass the baseline 

task thus was eliminated from the study. Therefore, there are 40 NE speakers (14 

Females, 26 Males) in the analysis of the current study.  

Among the 40 English speakers, 28 had played a musical instrument for 2-18 

years (starting age 5-17). One, who did not play any musical instrument, had been in a 

chorus for one year. Four English participants reported themselves to be left-handed. 

Procedure and Stimuli 

All experiments were conducted at the linguistics laboratory of the University of 

Florida. Before the experiments began, participants were briefed as to what to expect in 

the study and informed consent forms were signed. A questionnaire was then filled out 

by each of the participants, including information on their education/language 
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background and music background. After that, the following three experiments were 

conducted in the following order: 1) Tone Baseline Task, 2) Production Experiment, and 

3) Categorization Experiment, followed by a debriefing session. The entire experiment 

took about one hour for each participant. The stimuli used and procedures in each of 

the tasks are explained below. 

Tone Baseline Task 

Stimuli  

The stimuli used in the tone baseline task consisted of 40 mono-syllabic words of 

Mandarin Chinese, with 10 Consonant+Vowel combinations produced with all four tones 

by two native Chinese speakers from Beijing, one female and one male, resulting in 80 

target words total. The 40 words were chosen from the first-year Chinese textbook 

(Integrated Chinese I) used by the Department of Languages, Literatures, and Cultures 

of the University of Florida, so that all L2 learners of Chinese should have encountered 

all the words prior to participating in the study. (See Appendix for the complete list of 40 

words). Each of the target words appeared at the final position in a frame sentence (in 

Chinese): “please read this word out loud -- _______.”  The recording was conducted in 

the soundproof booth in the Linguistics lab, using a digital recorder (Marantz PMD660) 

and a head mounted microphone (Shure SM 10A) at a sampling rate of 44.1 kHz. The 

sound files were then transferred to a computer and saved as .WAV files. Each of the 

40 target words from the two speakers’ utterances was then segmented out from the 

carrier sentence and saved as 80 individual sound files (.wav) using PRAAT. All tokens 

were normalized at 98% peak intensity with the UAB software developed by Steve 

Smith at the University of Alabama in Birmingham.  
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Procedure 

The tone baseline bask was carried out in a quiet room located in the Linguistics 

lab by means of a computer. The presentation of the stimuli in the tone baseline task 

was controlled by the UAB software. The 80 stimuli were presented in two blocks, one 

for the 40 words read by the female, and the other for the 40 words read by the male. 

The 40 target words in each block were randomized. 

Presentation of the two blocks of words was counter-balanced for all participants. 

There was a break after the first 40 words. Participants were tested individually. After a 

participant entered the room and sat in front of the computer, s/he was instructed (in 

her/his native language) to identify the tone by clicking one of the four buttons marked 

with “Tone 1, Tone 2, Tone 3 and Tone 4” on the computer screen after hearing each 

word through a pair of headphones connected to the computer. There was no time 

constraint in this task; that is to say, participants were allowed to take as much time as 

they needed to make a choice. There was no feedback provided throughout the task, 

except that a red dot would appear on top of the tone square a participant clicked, as an 

acknowledgement of a response to a stimulus.  

Tone Production Experiment 

Stimuli 

Materials used in the tone production task consisted of 40 different monosyllabic 

Chinese words, with 10 Consonant+Vowel combinations for each of the four tones, with 

each repeated three times, resulting in 120 words in total. These monosyllabic words 

were constructed with initials [m, n, ph, p, kh, k, t], followed by finals of all possible 

monophthongal vowels in Mandarin Chinese: front vowel /i/, central vowel /a/, and back 

vowels /ɤ, u/.  These consonants and vowels were chosen to ensure that they could be 
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produced with all four Chinese tones to generate real Chinese words (Table 3-1). Notice 

that these words are different from those used in the baseline task. The 120 words were 

all randomized and each was placed at the final position of a carrier sentence in 

Chinese “Please read this word out loud _____”. To make sure that all the words were 

pronounced with their correct tones, pinyin was written next to each of the target words.  

Procedure 

The tone production experiment was conducted in the soundproof booth in the 

linguistics lab at the University of Florida. A head-mounted microphone (Shure SM 10A) 

and a digital recorder (Marantz PMD660) were used to record the production of Chinese 

words. Each of the participants read the same list of 120 sentences in Chinese with 

target words at the end of each sentence. The same order was used for every 

participant. These sound files were transferred to a computer and saved as .WAV files. 

Each of the target words was examined for the presence of a creaky voice by two raters 

using audio and visual inspection. 

Tone Categorization Experiment  

Stimuli  

There were two goals in the tone perception (categorization) experiment: one was 

to examine the categorial boundary in the perception of Chinese Tone2-Tone3 by native 

and non-native (L2) listeners, and the other was to investigate whether the presence of 

creaky voice affects the perceptual boundary between the two tones among both native 

speakers of Chinese and native speakers of American English who are learning 

Chinese. Therefore, two identical sets of tone stimuli were created for this experiment, 

except that creaky voice was present in one set, but was absent in the other.  
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The first set of tone stimuli consisted of 34 different tokens with no creaky voice 

generated from a single token of a [ma] (tone 3, ‘horse’, 马) syllable produced by a 

female native speaker of Mandarin Chinese from the Beijing area. This word was 

recorded using a head-mounted microphone (Shure SM 10A) and a digital recorder 

(Marantz PMD660) at a sampling frequency of 44.1 kHz and was saved as a .WAV 

sound file to a computer. An examination of the spectrogram generated by PRAAT 

software (Paul Boersma & David Weenink) indicated that this word was produced with 

no creaky voice. In addition, the total duration of this syllable was 460 milliseconds (ms) 

long with F0 at syllable onset of 203.8 Hz and offset of 253.5 Hz. All 34 tokens of the 

non-creaky stimuli were created from this naturally produced model [ma] syllable by 

manipulating pitch contours using the PRAAT software. In this original iteration of [ma] 

(Figure 3-1), four pitch heights were observed: syllable onset F0 = 203.8Hz, onset of 

vowel [a] F0= 203.8Hz (starting at 57ms), minimal F0 (turning point) = 170.5Hz, and the 

syllable offset F0 = 253.5Hz.  

To generate the 34 tokens of creaky stimuli, another [ma] syllable produced with 

tone 3 by the same female speaker was used as the model for examining the natural 

parameters of creakiness. Examination with PRAAT indicated that this utterance was 

produced with creakiness at the dip of the Tone3 pitch contour with duration of 68ms. 

Therefore, the dip of the non-creaky tokens in the first group was also set to 68ms, with 

the minimal observed F0 of 170.5 Hz from the non-creaky [ma] utterance.  

Stimulus group 1- non-creaky tokens: For the first group of non-creaky tokens, 

an empty pitch tier (length=460ms) was created in PRAAT for each token, then 5 pitch 

points were added to each empty pitch tier (Figure 3-2),1) syllable onset (0ms, F0=203.8 
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Hz), 2) starting of vowel (57ms, F0=203.8 Hz), 3) starting point of the dip (starting from 

58ms to 388ms, in an increment of 10ms, F0=170.5 Hz), 4) ending point of the dip 

(starting from 126ms up to 456ms, in an increment of 10ms, F0=170.5 Hz), and 5) 

syllable offset (460ms, F0=253.5 Hz). Therefore, without manipulating the total length of 

the syllable, the length of the dip was kept constant at 68ms, same as in the observed 

value from naturally produced syllable, only the timing of the turning point (dip) was 

altered; in other words, the time that the turning point (dip) occurred in each token 

differed by 10ms, resulting in 34 different pitch tiers. 

The modal [ma] token was then synthesized with these 34 different pitch tiers, 

generating 34 non-creaky tone stimuli to be used in the tone perception experiment.  

Stimulus group 2: creaky tokens: The second group of perception stimuli 

consisted of 34 tokens that were identical to the 34 tokens in the first group, except that 

tokens in this group were manipulated again with PRAAT so that each of them had 

creaky voice at the dip.  

Just as in the first group, an empty pitch tier (length=460ms) was created in 

PRAAT for each token, and the same five pitch points were added. In addition, the 

68ms dip was manipulated again to create a creaky voice effect.  Recall that the 

prominent characteristics of creaky voice include irregular periodicity and sudden 

decrease in fundamental frequency and intensity.  Therefore, creakiness was generated 

by randomly adding extremely low and irregular pitch points at a level far below the non-

creaky dip to create “jitter” (Figure 3-3). The creakiness sounded quite close to a 

naturally produced creakiness according to two native Chinese speakers. Thus the 

values of each of the pitch points in the “jitter” dip were kept the same for all creaky 
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tokens. Each of the pitch tiers was then synthesized with the naturally produced [ma], 

generating 34 creaky tone tokens for the perception experiment.  

Altogether, 68 different tokens were created for the tone categorization 

experiment. The presentation of these stimuli was again operated with UAB software. 

They were first normalized at 98% peak intensity with the UAB program. Then the two 

groups of creaky and non-creaky tokens were mixed together and randomized. The 

stimuli were presented to each participant in three blocks, with two breaks to reduce the 

fatigue effect. In each block, the mixed 68 tokens were repeated two times (68*2=136 

stimuli). The order of the mixed 68 tokens was different in each block. The presentation 

of the three blocks was counter-balanced across the participants in the following way: 

123, 132, 213, 231, 321, and 312, thus resulting in six possible orders of presentations. 

In total, there were 68 tokens*2 repetitions *3 blocks=408 stimuli in the tone perception 

experiment for each participant.  

Procedure 

The tone categorization experiment was also conducted in the same room where 

the tone baseline task was carried out. Participants were individually tested. Each 

participant sat in front of a computer, wearing headphones, and was instructed (in their 

native language) to identify the tone after hearing each stimulus by clicking one of the 

four squares on the computer screen with texts of “Tone1, Tone2, Tone3, and Tone4” 

on each of them. Although responses were expected to be mostly Tone 2 and Tone 3, 

the purpose of having four tone responses was to make the task more natural and to 

find out whether some stimuli were perceived as other tones. Responses had to be 

made within 3 seconds; otherwise, the following stimulus would be presented. There 

was no feedback provided throughout the experiment, except that a red dot would 

Creak
y jitter 
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appear on top of the button to acknowledge the response. The participants were also 

instructed that they should respond according to their first intuition as soon as possible 

and that they should take two breaks by taking off the earphones and resting for a few 

minutes.  

Debriefing  

After finishing all three tasks—tone baseline, tone production, and tone 

categorization experiments, each of the participants was interviewed. The interviews 

were conducted in each participant’s native language. The main purposes of the 

debriefing were to find out whether any of the participants was aware of creaky voice 

before and during the experiments and what strategies/criteria were used in the tone 

categorization task.   
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Table 3-1.  Forty tokens of mono-syllabic Chinese words used in tone production 
experiment 

 T1   T2    T3   T4  

[mi] 眯    迷    米     密 
[ni] 妮     泥   你    逆 
[pi] 逼     鼻   比    必 
[p

h
i] 批     皮    匹   屁 

[ma] 妈     麻   马    骂 
[pa] 扒     拔   把    爸 
[ta] 搭     达   打    大 
[p

h
u] 扑     葡   普    瀑 

[k
hɤ] 棵     壳   渴    客 

[kɤ] 哥     隔   葛     个 

 

 
 
Figure 3-1.  Natural utterance of [ma] with Tone 3 (non-creaky), based on which stimuli 

in the categorization task were created 

 
 
Figure 3-2.  An example of an empty pitch tier in PRAAT with five pitch points added to 

create a non-creaky token: 1) syllable onset (0ms, F0=203.8 Hz), 2) starting of 
vowel (57ms, F0=203.8 Hz), 3) starting point of the dip (in this example: 
118ms, F0=170.5 Hz), 4) ending point of the dip (186ms, F0=170.5 Hz), and 5) 
the syllable offset (460ms, F0=253.5 Hz).  
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Figure 3-3.  An example of an empty pitch tier in PRAAT with five pitch points added. 

Then randomly added extremely low and irregular pitch points below the non-
creaky dip to create a “jitter”.  

jitter 
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CHAPTER 4 
RESULTS 

The perception experiments examined two research questions on the categorical 

perceptual boundary of the Tone2-Tone3 continuum and the role of creaky voice in 

boundary shift by native Chinese speakers and L2 learners of Chinese.  The production 

experiment examined the presence of creaky voice with Mandarin Chinese tones, as 

well as its correlation with the perception result.  Results from the baseline task are 

discussed first in order to divide native English speaker participants into subgroups 

based on their Mandarin proficiency level. Then, research question 1 is answered 

through analysis of production data. Finally, research questions 2 and 3 are then 

elaborated based on the results from the perception experiments.  

Research Question 1: Is creaky voice associated with a certain tone(s) produced 
by native Mandarin Chinese speakers (NC)?  

 
Research Question 2: How does the presence of creaky voice affect the 

perception of Tones by native Chinese speakers (NC) and L2 learners of Chinese (NE), 
respectively? 

 
Research Question 3: What is the perceptual boundary of the Tone 2-Tone 3 

continuum perceived by native Chinese speakers (NC)? How does it differ from L2 
learners of Chinese (NE) with different proficiencies? What is the role of creaky voice in 
their perception? 

 
Results of the Baseline Experiment 

In order to answer the first two questions, the Chinese tone proficiencies of all the 

participants need to be reported here from the baseline experiment.  

In the baseline experiment, participants listened to 80 Chinese words in isolation 

followed by a judgment task of what tone they heard after each token. There were 20 

words for each of the four tones. The baseline score of each participant was the 

percentage of the total number of correct answers divided by 80.  
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The range of the 30 native Chinese speakers’ scores was from 91.25% to 100% 

(mean=98.9, SD=1.9). Among the 42 native English speakers, there were two 

participants who were eliminated from the study: one had an age of acquisition (AoA) of 

6 (while other NEs’ AoA>16) and the other one scored only 47.5%, which is more than 2 

SD lower than the group mean (mean=87.1, SD=10.5). The range of the 40 remaining 

native English speakers’ scores was from 53.75% to 100%.  

Since there was noticeable variance among the scores, the native English group 

needed to be divided into two subgroups: NE-High and NE-Low. The two groups were 

divided such that the number of participants in each group was as equal as possible 

and that the mean scores between the two groups were significantly different.  To meet 

these two criteria, the best cut-off point to divide the NE group was determined to be 

90%. In this way, one group had a score range of 91.25% to 100%, which was the same 

as the native Chinese group, and the numbers in each group were as close to each 

other as possible, plus the means of the two groups were significantly different from 

each other. The NE-High group included 18 participants whose scores ranged from 

91.25% to 100% (mean=94.9, SD=2.9). The NE-Low group had 22 participants and 

their scores ranged from 61.25% to 90% (mean=80.7, SD=10.1). T-tests were run for 

the two pairs: NE-High vs. NE-Low and NE-High vs. NC. The results showed that the 

two English groups were significantly different from each other in their mean scores 

(p=.00), while the NE-High and NC were not (p=.90). However, for the purpose of the 

current research, it is necessary to regard the NE-High as a different group from the 

native Chinese speakers. Therefore, for all data analyses reported in this chapter, all 
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participants are considered to be in one of three proficiency groups: NC, NE-High, and 

NE-Low.  

Table 4-1 shows the error rates that participants made in each of the tone 

categories (number of errors in each tone category divided by the total number of the 

expected number of correct responses). A One-Way ANOVA was run for the error rates 

within each of the groups, with “tone category” being the factor. The results showed that 

tone category had a significant effect on error rates in both of the NE groups (NE-H: [F 

(3, 68)=5.934, p=.001]; NE-L: [F(3, 84)=2.93, p=.038]), but not on NC ([F(3,116)=1.289, 

p=.282]). The post-hoc test (Bonferroni) for the two NE groups suggested that NE-High 

had the two highest error rates in Tone 2 and Tone 3 (8.1% in both) and the NE-L group 

had the highest error rate in Tone 2 (27.5%) compared to the other tones category, 

which had about the same rate (p>.05).  

In addition to calculating the mean scores for tone proficiency, Pearson Correlation 

tests were also performed to ascertain the relationships between the English speakers’ 

tone proficiency scores (total) and their age, gender, right-handedness, length of 

Chinese study (# of semesters), length of time studying abroad (# of months), and 

music experience (# of years). The results showed that none of the above-mentioned 

factors had any significant correlation with the English speakers’ tone proficiency scores 

(p>.001). The same test was also run for Chinese speakers and the results showed that 

there was no correlation between their tone scores and their age, gender, right-

handedness, years in the U.S., whether or not they were from Beijing, nor their music 

experience (p>.001). 
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In the following sections, data from the perception and production experiments is 

presented. The goals of the analysis are to report 1) how creaky voice affects 

perceptions of tones among native and non-native speakers, 2) what the categorical 

perceptual boundaries for Tone 2 and Tone 3 are, and what role creaky voice plays in 

perception, and 3) how much creaky voice is present in native speakers’ tone 

production.  

Results from the Production Experiment 

In the production part of the experiment, all native Chinese participants were 

recorded reading 120 target words—all monosyllabic Chinese words, with 10 

Consonant+Vowel combinations for each of the 4 tones, and with each repeated three 

times.  

The recordings of each target word from each participant were carefully examined 

for the presence of creaky voice by two raters. The raters listened to each of the target 

words and made a judgment as to the presence of creaky voice. After the first rating, 

the two raters compared their ratings. There were a number of words for which the 

raters had different judgments.   A second rating was then performed by both raters until 

agreement was reached for each target word by both raters. Samples of the stimuli 

were chosen to be visually inspected. The results agreed with the rating of creakiness. 

Table 4-2 summarizes the percentages of creakiness detected in all the target 

words in four tone categories. There were 30 native Chinese speakers and each of 

them read 120 target words (30 words for each tone), resulting in 900 (30*30) tokens for 

each tone category. A Chi-Square test was run on the numbers of words that were 

produced with creaky voice, and the results showed there is a strong relationship 

between creakiness and tone category [X2(3, N=1046) =1952.8, p=.00]. As can be 
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clearly seen, Tone 3 had the most occurrences of creaky voice (97.6%) compared to 

the other three tones (Tone 1 1.9%, Tone 2 11.6%, and Tone 4 5.2%). This is in 

accordance with previous research suggesting that creaky voice is associated with 

Mandarin Tone 3. Moreover, the results of the present study suggest that creaky voice 

is highly associated with Mandarin Tone 3 production.   

Results from Perception Experiment  

Results of Tone Reponses for Each Stimulus 

Percentages of four tone responses: There were 34 stimuli (differing in their 

turning point locations, with 6 repetitions for each), 4 types of tone responses, 3 groups 

(NC=2, NE-High=1, NE-Low=0), and 2 conditions (Non-creaky=0, Creaky=1). The 

percentages of the responses for each tone category were calculated by running 

crosstab and a Chi-square test of the data, and Table 4-3 was generated to show the 

overall picture from the three groups. Chi-Square tests on all four tone responses of the 

three groups in two conditions were performed. The results showed that there was a 

significant relationship between “group” and “tone responses” in both conditions (Non-

creaky: X2(8, N=14280) =580, p=.00; Creaky: X2(8, N=14280) =773.5, p=.00).  

In order to ascertain whether those differences in tone response percentages are 

significant, six Chi-Square tests with numbers of tone responses were run to compare 

Tone 2 vs. Tone 3 response for each of the responses within each group. The results 

showed that except for the NC Tone 2 vs. Tone 3 response in Creaky condition which 

did not exhibit a significant difference ([X2(2, N=5120) =3.51, p=.06>.01), all other 

comparisons yielded a significant result:  

Non-creaky condition 

 NC Tone 2 vs. Tone 3:  X2(1, N=5282) =896.4, p=.00 
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 NE-H Tone 2 vs. Tone 3:  X2(1, N=3010) =603.7, p=.00 

 NE-L Tone 2 vs. Tone 3: X2(1, N=3428) =142.9, p=.00 
 

Creaky condition  

 NE-H Tone 2 vs. Tone 3: X2(1, N=2932) =237.2, p=.00 

 NE-L Tone 2 vs. Tone 3: X2(1, N=3250) =287.1, p=.00 
 

The results are summarized as follows:  

1. In Non-creaky condition, all three groups had more Tone 3 responses than Tone 2 
responses. Among the three groups, NE-Low had the most Tone 2 and the least 
Tone 3 responses. 

2. In Creaky condition, both NE groups had less Tone 3 responses than Tone 2, but 
the NC group had the same for each tone category. Among the three groups, NC 
had less Tone 2 and more Tone 3 than NEs.  

3. Across the two conditions, all three groups had more Tone 2 and less Tone 3 
responses when there was creaky voice present in the stimuli.  

The pattern seems to be very clear from the results above, namely that the 

presence of creakiness leads to increased perception of Tone 2 and less perception of 

Tone 3 regardless of language proficiency. This suggests that creakiness is not the 

primary cue for identification of Tone 3; otherwise, there would have been more Tone 3 

responses in the Creaky condition, given that all other factors were the same.  

When looking at the change in Tone 3 responses across conditions, it is found that 

the NC group showed the least amount of decrease from Non-creaky (60.9%) to Creaky 

(42.9%), when compared to both NE-High and NE-Low (59.3 % to 28.6%, 46% to 

25.4%). This suggests that English speakers are more affected by the presence of 

creaky voice than native Mandarin listeners when it comes to Tone 3 perception.  Given 

the fact that the two NE groups had the same number of Tone 2 responses and Tone 3 

responses only in Creaky condition, we can surmise that creaky voice makes English 

speakers with different Tone proficiencies behave in a similar manner.  
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Perceptual Boundaries of Tone 2 and Tone 3 

In order to investigate the questions of perceptual boundary from Tone 2 to Tone 3 

and how creaky voice makes a difference, if any, two major statistical analyses were 

performed. First, the average turning points (ATP) were calculated from those stimuli 

that received only Tone 2 or Tone 3 responses. This was done in order to determine the 

actual turning point at which perception shifts from Tone 2 to Tone 3 under each 

condition across the three groups. Second, binary logistic regression tests were run for 

each participant’s responses in order to determine the predicted 50% category-

crossover point for each participant.  The crossing points between two groups (NC and 

NE with two proficiency levels: Low and High) were then compared in both conditions 

(non-creaky and creaky).  

Before running the two tests, Tone 1 and Tone 4 responses had to be eliminated 

from the data for two reasons. In the first place, the current research focuses only on 

Tone 2 and Tone 3. The response buttons designed for the perception experiment, 

which included all four tone responses, were for the purpose of making the task as 

natural as possible since there are four tones in Mandarin Chinese. The other reason 

for the elimination of the Tone 1 and 4 responses was that for the analysis of binary 

logistic regression, only data with a binary outcome could be used.  

In order to determine whether the trials with Tone 1 and Tone 4 responses could 

be eliminated, a Chi-Square test was run on the combined responses of Tone 2+Tone 3 

and Tone 1 +Tone 4 among the three groups, in both conditions. The results showed 

that for all groups and under both conditions, the Tone 2 and Tone 3 responses were 

significantly greater than the Tone 1 and Tone 4 responses (p=.00). In the following 

analysis, only stimuli with responses of Tone 2 and Tone 3 are included.   
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Average Turning Point (ATP)  

In order to locate the perceptual boundary between Tone 2 and Tone 3, the 

average turning point (turning point refers to the timing of the start of the low dip in F0 in 

milliseconds in the current study) was calculated from stimuli that received 100% Tone 

2 or Tone 3 responses. This means that what was included were those stimuli that 

either a) received six Tone 2 or Tone 3 responses out of 6 repetitions or b) received five 

Tone 2 or Tone 3 responses out of five repetitions when there was a missing response.  

The turning point across these stimuli was then averaged for each participant. 

The ATP of tone 2 responses: In the examination of Tone 2 responses, it was 

found that besides the expected peak of Tone 2 responses on the stimuli with turning 

points which occurred around the middle of a syllable, most participants showed a very 

consistent Tone 2 perception on stimuli for which the turning point started at or later 

than 348ms (75% of the syllable length).  Figure 4-1 is an example of this pattern from a 

native Chinese participant in Creaky condition (NC24). The x-axis was the timing of the 

turning point, and the y-axis displays the numbers of the tone responses. As can be 

seen, the number of Tone 2 responses was quite high when turning points occurred 

earlier in a syllable, while it decreased when Tone 3 responses rose. This is not 

surprising since Tone 2 is associated with earlier turning points compared to Tone 3. 

Towards the end, however, there is a very abrupt increase of Tone 2 responses (almost 

exclusively) on stimuli with turning points occurring after 348ms. This phenomenon was 

found for 80% of NC, 62.5% of NE in Non-creaky condition and 100% of NC, plus 80% 

of NE in Creaky condition. This may be due to the fact that when the turning point 

occurs very late in a syllable, the ending slope tends to be very sharp. 
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Given the above, the ATPs of Tone 2 responses were divided into two parts. The 

first part consisted of all stimuli with turning points occurring before 348ms and receiving 

100% Tone 2 response, while the second part included stimuli with turning points 

occurring at or later than 348 ms and receiving 100% Tone 2 responses. The ATP was 

then calculated by averaging the turning points from those stimuli in each part.  

The average turning points for Tone 2 responses for the NC and the two NE 

groups (NE-High, NE-Low) are shown in Table 4-4. As can be seen in this table, the 

data suggests that for all three groups, the average turning points for Tone 2 responses 

were earlier when creaky voice was absent.  

A paired-sample T-test was run on the data and the results confirm this. The NC’s 

first average turning point was 10.2 ms earlier in Non-creaky (73.9 ms) condition 

compared to Creaky condition (84.1 ms, p=.003), and there is no difference in the 2nd 

ATP for NC (both at 368.6ms). Although descriptively, the data seem to hold true for 

both the NE-High and NE-Low groups, the data, nonetheless, show no significant 

differences in both of the ATPs within each group going from Non-creaky to Creaky. 

When these two groups are combined (see Table 4-5), however, the differences (9 ms 

and 8 ms) in both ATPs are significant ([t(42)=-.845, p=.003]; t(66)=-3.748, p=.00). In 

other words, both of the average turning points of those stimuli that received 100% 

Tone 2 responses were 9 and 8 ms later when creaky voice was present for Native 

English speakers. In summary, then, both native and non-native speakers of Chinese 

exhibit later turning points for Tone 2 responses in Creaky condition.  
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The fact that Tone 2 perception occurs at a later turning point for creaky stimuli 

suggests that the presence of creaky voice may have perceptually shortened the initial 

falling portion of the tonal contour before it rises (i.e., the turning point) among listeners. 

The ATP of tone 3 responses: The average turning points for Tone 3 responses 

for the NC and the two NE groups (NE-High, NE-Low) are shown in Table 4-6. As can 

be seen in this table, the data suggests that for all three groups, the average turning 

points for Tone 3 responses are also earlier in the Non-creaky condition.   

A paired-sample T-test was run for the ATPs within each group and the results 

were similar to the results from the ATPs of Tone 2 responses. The NC group showed a 

significant difference ([t(55)=-2.59, p=.012)in Tone 3 ATPs across conditions—18.2 ms 

earlier in Non-creaky (193.2ms) than in Creaky (211.4ms). Neither of the NE groups 

showed a significant difference in their Tone 3 ATPs across conditions (p=.43 for NE-

High; p=.39 for NE-Low); however, when these two groups were combined (see Table 

4-7), the difference (18.4 ms) in their Tone 3 ATPs was significant (Non-Creaky ATP for 

NE: 175.6 ms; Creaky ATP for NE: 194.0 ms. [t(59)=-1.835, p=.02]). In other words, 

disregarding tone proficiencies, both native and non-native speakers of Chinese show a 

later turning point for Tone 3 response in Creaky condition. These results, similar to 

those from the Tone 2 ATPs, again suggest that the perceptual boundary seems to 

occur at a later point when creaky voice is added. 

Table 4-8 summarizes the results from this section of average turning points. 

Notice that the data for NE here is a combined result from the NE-High and NE-Low 

groups. The differences in ATPs of Tone 2 and Tone 3 responses across conditions are 

all significant, and they suggest that the presence of creaky voice does affect Tone 2 
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and Tone 3 perceptions for both native and non-native listeners. In particular, the 

duration of the initial falling of a tone contour seems to be perceptually shorter when 

there is creaky voice present. It is unclear why the differences in Tone 2 and Tone 3 

ATPs between the two groups (NC and NE) are so close to each other (Tone2: NC-

10.2ms, NE-9ms; Tone 3: NC-18.2ms, NE-18.4ms). One interpretation could be that the 

extent of how much creaky voice shortens perception is similar among both native and 

non-native listeners.  

The analysis of the average turning point shows how creaky voice plays a role in 

the perception of Tone 2 and Tone 3 among both native and non-native Chinese 

speakers. Previous research has shown longer duration of a syllable may yield more 

Tone 3 identification compared to Tone 2 (Blicher et al., 1990) and smaller ∆F0 has 

often been found with Tone 2 rather than Tone 3 (Shen & Lin, 1991). Since the stimuli in 

the current study did not vary in their duration, nor ∆F0, what we have surmised from the 

results (i.e., that creaky voice makes the turning point occur at a later point) indicates 

that the presence of creaky voice may have perceptually shortened the initial falling 

portion of the tonal contour before it rises (i.e., the turning point) among both native 

Chinese and English listeners. Figure 4-2 describes the effect of adding creaky voice to 

the stimuli. The x-axis represents the timing of turning points, and the two tone contours 

could be either Tone 2 or Tone 3 in both conditions. Regardless of whether the tone is 

Tone 2 or Tone 3, the responses were triggered with a later turning point when creaky 

voice was present.  
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In the following section, a data analysis of binary logistic regression is presented. 

This test was used to ascertain the predicted 50% crossing point (CP) of Tone 2 and 

Tone 3 categorial perception among listeners.  

Binary Logistic Regression for 50% Crossing Point (CP) 

Binary logistic regression is used to study the probability of a certain event’s 

occurrence when there are two outcomes (e.g. pass/fail, life/death, either ordinal or 

nominal responses). The purpose of the test is to determine how a response (outcome) 

changes according to one or more independent variables. For example, if we wanted to 

find out how hours of training affect test results--pass or fail, then the independent 

variable would be hours of training, and the two outcome values would be pass or fail.  

For the research reported herein, for each participant, the tone response outcome has 

two values, either Tone 2 or Tone 3 (after the elimination of Tone 1 and Tone 4 

responses).  

Logistic regression works better here because our participants only listened to the 

same stimulus six times. If the method of drawing lines across the 50% had been used, 

it would have created some uncertain situations. For instance, as shown in the graphs 

(Figure 4-3 and Figure 4-4), it can be very clearly seen that for participant NC15 (Figure 

4-3), in Creaky condition, the 50% crossing point where Tone 2 responses switched to 

Tone 3 was at stimulus 3 and vice versa at stimulus 30. Those two stimuli can then be 

converted to the millisecond of the turning point: 78ms and 348ms. This means that for 

this participant, if the turning point of the dip occurs between 17% (78/460 ms) and 

75.7% (348/460 ms) of the total syllable length, the stimulus is heard as Tone 3. If the 

turning point occurs before 17% or after 75.7%, it is heard as Tone 2.  However, if we 

look at Figure 4-4, which shows the data table from participant NC21 in Creaky 
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condition, it is very difficult to decide where exactly the 50% categorial crossover line is 

located since the participant’s responses went back and forth between Tone 2 and Tone 

3 among stimuli 6 to 8. Therefore, the drawing method cannot solve the problem for the 

current study.  

Using binary logistic regression can allow us to predict where participants would 

have a crossover point if they heard stimuli an indefinite number of times. Thus, binary 

logistic regression was run for each participant in both conditions.  Since the 34 stimuli 

in each condition differ only in their turning points, the timing of those turning points is 

the predictor of responses. In this case, for the two outcomes possible, for Tone 2 it 

would be 0 and for Tone 3 it would be 1. Logistic regression then creates a curve for 

each participant, in each condition, describing the probability that Tone 3 or Tone 2 is 

heard at any point on the continuum. 

Recall that when examining the ATP of tone responses in the last section, many 

participants showed a very abrupt rise in Tone 2 responses with stimuli that have very 

late turning points (after 348ms). For the purpose of the binary regression, those stimuli 

were temporarily excluded here.  

After each curve was created, the predicted 50% crossing point (CP) was then 

calculated by using the formula x= -α/β for each participant (Agresti & Finlay 2009, p. 

485).  X stands for the timing of turning points (58-368 ms), α and β represent the 

constant and B value. Figure 4-5 is an example of a binary regression curve. The x-axis 

is the timing of the turning point, and the y-axis displays the two outcomes—1 (Tone 3) 

and 0 (Tone 2). A logit of 0 (i.e. where the y-axis is crossed) means 50%, and this is 

how we calculate where this point is: 0= α+ βX; therefore, we have the formula 
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mentioned above: x= -α/β. When B>0, it means that the probability of the stimulus being 

perceived as Tone 3 increases as the location of the turning point increases. When B<0, 

the probability of the stimulus being perceived as Tone 3 decreases as the location of 

the turning point increases (in other words, Tone 2  is more likely to be perceived on 

stimuli with earlier turning points).  

To give an example, Table 4-9 shows the results from the logistic regression run 

on participant NC24 in Non-creaky condition. The significant P-value (0.003, <.05) 

suggests that turning point is a strong predictor for this participant in responding with 

either Tone 2 or Tone 3. The constant (α) here is -3.108 and β (B) is .504. Therefore, 

X= -α/β= -(-3.108)/.504=57.6ms. The parameter β indicates whether the probability 

P(y=1) increases or decreases as X increases (see Agresti & Finlay 2009, p.484). When 

β>0, y increases as X increases; when β<0, y decreases as X increases. This means 

that for participant NC24, when there is no creakiness in the stimuli, it is predicted that 

when the turning point occurs before 12.5% (57.6/460ms) of the total syllable length, the 

stimulus will most likely be heard as a Tone 3; when the turning point occurs after 

12.5% of the syllable, it will be heard as Tone 2.  

Let us now take a look at the same person in the creaky condition. Using the same 

calculation with the above, the X here = -(-5.1)/.0043=118.6 ms, which is at 25.8% of 

the syllable. If we compare the predicted CPs in these two conditions for this participant 

(12.5% in Non-creaky; 25.8% in Creaky), the results suggest that by adding creakiness, 

the predicted crossing point where perception shifts from Tone 2 to Tone 3 seems to 

come later, as compared to conditions without creakiness. In other words, it can be 
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inferred that, when there is creaky voice, the actual length of the falling part in the token 

seems shorter to the ears.   

The P-value for each participant was examined and it was found that not all p-

values from the binary regression are significant.  In Non-creaky condition, 90% of NC, 

83% of NE-High, and 50% of NE-Low had significant p-value (P<0.05), which means 

that for those participants, turning point is a predictor of their tone response to a certain 

stimulus. In Creaky condition, the significant portions are 100% of NC, 72.2% of NE-

High, and 50% of NE-Low. The final average perceptual boundaries (X) were calculated 

only with those that had a significant p-value.  

As previously mentioned, β>0 or <0 represents different curves that have different 

shapes of contours.  When β>0, the probability of the stimulus being perceived as Tone 

3 increases as the location of the turning point increases, which means the X is the 

boundary of Tone 2 shifting to Tone 3 perception. When β<0, the probability of the 

stimulus being perceived as Tone 3 decreases as the location of the turning point 

increases, which means the X is the boundary of Tone 3 shifting to Tone 2 perception. 

Therefore, it is necessary to analyze the binary result in two different categories 

according to β.  Table 4-10 summarizes the results of Binary logistic regression 

averaged from participants in the three groups (only those using turning points as a 

predictor of tone responses).  

In Table 4-10, T-tests and one-way ANOVA were performed to see whether all the 

differences were significant. The results from one-way ANOVA showed that there is no 

significant difference among the three groups in each of the columns; therefore, an 

average is calculated at the bottom of each column in Table 4-10. In Non-creaky 
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condition, most of the participants’ (33/53=62%) perceptual boundary of Tone 2 shifting 

to Tone 3 occurred at 76.6ms (16.7%) and the rest (38%) of the participants shifted their 

perception from Tone 3 to Tone 2 at the turning point of 361.1ms (78.5%); in Creaky 

condition, the participants’ average perceptual boundary of Tone 2 to Tone 3 was at 

160.7ms (35%).  Within each of the groups, T-tests showed that the differences of the 

Tone 2 to Tone 3 boundary in Non-creaky condition are all significant for each of the 

groups (NC: p=.00, NE-High: p=.039, and NE-L: p=.009).       

In summary, for native and nonnative listeners, the predicted perceptual boundary 

from Tone 2 to Tone 3 occurs later when creaky voice is present (from 76.6ms to 

160.7ms).  

Since some of the stimuli that have turning points later than 348ms were excluded 

from the binary logistic regression analysis, it is necessary to include them now.  In 

Non-creaky condition, we see that the predicted perceptual boundary of Tone 3 to Tone 

2 for some participants occurs at 361.1ms (78.5%). It falls right in the middle of 348 ms 

to 388 ms, as has been shown from the ATP analysis. In addition, creaky voice also 

made those few participants (from all three groups) have more consistent Tone 2 

responses when the turning points occurred later than 348ms.  

This means that for a listener (Chinese or English), if the turning point of the 

syllable occurs before 76.7 ms (or 16.7% of the syllable length) when there is no creaky 

voice, it will most likely be perceived as a Tone 2. If the turning point occurs after 76.7 

ms (16.7%) and before 361.1ms (78.5%), it will most likely be heard as a Tone 3. When 

the turning point occurs after 361.1ms (78.5%), it will be heard as a Tone 2 again.  

However, when creaky voice is present in the syllable, the perceptual boundary of Tone 
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2 to Tone 3 is predicted to be at 154.7 ms (or 33.6% of the syllable length). Stimuli with 

turning points before that will be heard as Tone 2, otherwise as Tone 3. 

These results clearly show that for both native and non-native listeners, the 

perceptual boundaries at which Tone 2 switches to Tone 3 seem to come later when 

there is creaky voice, which is consistent with the findings from analysis of the average 

turning points of Tone 2 and Tone 3 responses from the previous section.  

Binary logistic regression was also run for each participant to see whether the 

stimulus type, i.e. whether there is creakiness or not, is a predictor of Tone 3 responses. 

Tone response (Tone 3= “1”, Tone 2= “0”) was the dependent variable and stimulus 

type was the independent variable. Not surprisingly, the results showed a significant 

result for 90% of the Native Chinese and 85% of the Native English speakers (p<.05). 

This means that for 90% of Chinese and 85% of English speakers, the likelihood of a 

Tone 3 response decreases with the presence of creaky voice. In other words, the 

presence of creaky voice is a predictor of a smaller number of Tone 3 responses. 

In Chapter 5, the results from production experiments and perception are reviewed 

in relation to previous research and findings. Limitations and future direction are also 

addressed. 
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Table 4-1.  Error rates for each tone category from Baseline task and mean scores 

          Error Rate (%)   

    

#of 
sub 

Mean  
Score (%)   

Tone 1 Tone2 Tone 3 Tone 4 sig.? 

NC 
 

30 98.9 
 

0.7 1.8 1.3 0.7 N 

NE-High 
 

18 94.9 
 

2.5 8.1 8.1 1.7 Y 

NE-Low 
 

22 80.7 
 

14.1 27.5 17.7 18 Y 

NE(combined)   40 87.1   8.9 18.8 13.4 10.6 Y 

 
Table 4-2.  Percentage of creaky voice present in four tones for NC   

  
With Creaky  
(out of 900) 

Percentage 

Tone1 17 1.90% 

Tone2 104 11.60% 

Tone3 878 97.60% 

Tone4 47 5.20% 

 
Table 4-3.  Percentages of four tone responses received on all stimuli from 3 groups.  

    Non-creaky   Creaky 

    T1 (%) T2 (%) T3 (%) T4 (%)   T1 (%) T2 (%) T3 (%) T4(%) 

NC 
 

7.7 25.4 60.9 5.4 
 

9.4 40.7 42.9 6.4 

NE-H 
 

2.4 22.6 59.3 13.4 
 

3.1 51.3 28.6 14.9 

NE-L 
 

8.4 30.4 46 13.6 
 

11.3 47 25.4 14.3 

Average   6.6 26.2 55.8 10   8.4 45.4 33.7 11.1 

 

Table 4-4.  Two Average Turning Points (ATP) for Tone 2 responses (ms) for three 
proficiency groups 

  1st ATP of Tone 2   2nd ATP of Tone 2 

  Non-Creaky Creaky Change   Non-Creaky Creaky Change 

NC 73.9 84.1 10.2 
 

368.6 368.6 0 

NE-High 90.3 101.3 9 
 

359.1 367.4 7.6 

NE-Low 97.4 105.5 8.1   360.4 368 8.3 
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Table 4-5.  Two Average Turning Points (ATP) for Tone 2 responses for NC and NE 
(combined) 

  1st ATP of Tone 2   2nd ATP of Tone 2 

  
Non-

Creaky Creaky Change   Non-Creaky Creaky Change 

NC 
73.9 

(16.1%) 
84.1 

(18.3%) 
10.2 
(2.2%) 

 

368.6 
(80.1%) 

368.6 
(80.1%) 0 

        
NE 

94.2 
(20.5%) 

103.2 
(22.4%) 

9 
(2%)   

359.7 
(78.2%) 

367.7 
(79.9%) 

8 
(1.7%) 

 
Table 4-6.  Average Turning Point (ATP) for Tone 3 responses (ms) for three groups 

  
Non-creaky 

T3  Creaky T3  

NC 193.2 211.4 

NE-High 178.6 187.3 

NE-Low 188.5 201.3 

 
Table 4-7.  Average Turning Point (ATP) for Tone 3 responses (ms) for NC and NE 

(combined) 

  ATP of Tone 3 

  
Non-

Creaky 
Creaky Change 

NC 193.2 211.4 18.2ms 

NE 175.6 194 18.4ms 

 
Table 4-8.  NC and Combined NE of their Tone 2 and Tone 3 ATPs (ms) 

  1st ATP of Tone 2   2nd ATP of Tone 2 ATP of Tone 3 

  
Non-

Creaky Creaky Change   
Non-

Creaky Creaky Change 
Non-

Creaky 
Creaky Change 

NC 
73.9 

(16.1%) 
84.1 

(18.3%) 
10.2 
(2.2%) 

 

368.6 
(80.1%) 

368.6 
(80.1%) 

0 
193.2 
(42%) 

211.4 
(46%) 

18.2 
(4%) 

           
NE 

94.2 
(20.5%) 

103.2 
(22.4%) 

9 
(2%)   

359.7 
(78.2%) 

367.7 
(79.9%) 

8 
(1.7%) 

175.6 
(38.2) 

194 
(42.2) 

18.4 
(4%) 

 

Table 4-9.  SPSS output table of binary logistic regression on NC24 (Non-creaky) 

  
Variables in the Equation 

       B S.E. Wald df Sig.  Exp(B) 

Step 1a TurningPoint 0.054 0.108 8.768 1 0.003 1.056 

  Constant -3.108 1.521 4.177 1 0.041 0.045 
a. Variable(s) entered on step 1: TurningPoint 
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Table 4-10.  Results of Binary logistic regression for three groups (predicted crossing 
point of perceptual boundary of Tone 2 and Tone 3). 

 
Non-creaky   Creaky 

 

Tone2→Tone3 
(B>0) 

Tone3→Tone2 
(B<0)   

Tone2→Tone3 
(B>0) 

Tone3→Tone2 
(B<0) 

NC 
(N=30) 

79.4ms  
(17%) 

      (N=21) 

362.5ms 
(18.8%) 
(N=6)   

 143.9ms 
(31.3%) 

   (N=30) (N=0) 

(90% sig.)   (100% sig.)   

     

NE-High 
(N=18) 

63.9ms 
(13.9%) 
(N=8) 

344.5ms 
(75%) 
(N=7)   

160ms  
(34.8%) 

    (N=13) 
 

(N=0) 
(83% sig.)   (72.2% sig.) 

    

NE-Low 
(N=22) 

84.4ms 
(18.4%) 
(N=4) 

376.5ms 
(82%) 

(N=7) 
 

178.2ms 
(38.7%) 
(N=11) (N=0) 

(50% sig.) 
 

(50% sig.) 
      

Average 
76.7ms 

(16.7%) 
361.1ms 
(78.5%)   

160.7ms  
(35%)   

 

 

Figure 4-1.  An example of having Tone 2 responses again after 348 ms (from NC24, in 
Creaky condition).  
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Figure 4-2.  Illustration of effect of creaky voice on tone responses.  

  

Figure 4-3.  NC15 Tone 2/3 responses in Creaky condition   

 

Figure 4-4.  NC21 Tone 2/3 responses in Creaky condition 

 
Figure 4-5.  An example of probability curve of a binary regression analysis. (B>0) 



 

81 

CHAPTER 5 
DISCUSSION AND CONCLUSION  

The goal of this research has been to explore the perception of Mandarin Chinese 

Tone 2 and Tone 3 and the role of creaky voice among native speakers of Chinese  

(NC) and native speakers of English (NE) who are also Chinese language learners. In 

order to take L2 language proficiency into consideration, the non-native speakers were 

divided into two subgroups: NE-High and NE-Low.  Thus, the participants were all 

placed in three groups: 30 native Chinese (NC) speakers, 18 high-proficiency native 

English speakers (NE-High), and 22 low-proficiency native English speakers (NE-Low). 

This chapter discusses the results of the current study and provides interpretations 

responding to each of the three research questions.  Finally, the limitations inherent in a 

study like this are addressed and the future direction of research is suggested. 

Research Question 1 

Is creaky voice associated with a certain tone(s) produced by native 

Mandarin Chinese speakers (NC)? In the present study, production data from 30 

native Chinese speakers (16 females and 14 males) were collected. The number of 

participants exceeded that of studies conducted previously (e.g. Belotel-Grenie, A & 

Grenie, M. 1994, 1995, Yu 2010). Each of the recordings included 120 words with 40 

different words, with each word repeated three times. In the 40 target words, six initials 

[m, n, ph, p, kh, k, t] and four vowels (front vowel /i/, central vowel /a/, and back vowels 

/ɤ, u/) were used and there were 10 words for each tone category.  

Recordings of all the target words (120*30=3600) were examined for the presence 

of creakiness. The results confirmed that creaky voice is extremely common in the 

production of Mandarin Tone 3 (97.6%). This supports previous research that creaky 
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voice is indeed associated with Tone 3, but we observed a much higher frequency in 

the present study. This is probably due to the fact that the number of the participants in 

the current study was much greater than previous studies and that more combinations 

of initials and finals were included in the target words. In addition, we determined that 

the second highest tone category that has creaky voice present is Tone 2—11.6%. This 

is different from the results of other studies such as those reported in Grenie’s 1995 

study in which the second highest category was Tone 4 (10.5%). However, due to the 

limited number of participants in Grenie’s study, the results from the present study 

would seem to have more validity.  

Research Question 2 

How does the presence of creaky voice affect the perception of Tones by 

native Chinese speakers (NC) and L2 learners of Chinese (NE), respectively? To 

answer this question, the percentages of different tone responses received for each 

stimulus from the three groups in each condition were calculated. The results (see 

Table 4-4, Chapter 4) show that when there is no creaky voice, all three of the 

participating groups (NC, NE-High, NE-Low) had more Tone 3 than Tone 2 responses. 

On the other hand, when creaky voice is present, all three groups showed an increase 

in their Tone 2 responses and a decrease in their Tone 3 responses.  This change was 

particularly noticeable in the two NE groups in that they had more Tone 2 responses 

than Tone 3 in Creaky condition. At the same time, the responses in the two categories 

were the same in the NC group.  

When we look at the differences across conditions, within each of the three 

groups, the presence of creakiness resulted in more Tone 2 and fewer Tone 3 

responses. This holds true for all native and non-native speakers and may indicate that 
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creaky voice is not a primary cue for identification of Tone 3 for either native or non-

native listeners. If it were a primary cue, then the presence of creaky voice would have 

led to more Tone 3 responses.  

Which group was affected the most by the presence of creaky voice?  If we 

examine the percentages of tone response changes from Non-creaky to Creaky 

condition, we can see that the NE-high group is affected the most by the presence of 

creaky voice, resulting in more Tone 2 (+127%) and less Tone 3 (-30.7%) responses, 

and NC is the least affected (Tone 2: 15.3% increase; Tone 3: -18% decrease). This 

suggests that native English speakers are more affected by creaky voice than native 

Mandarin speakers in their perception of Tone 3. In particular, it appears that native 

English listeners do not use creaky voice to facilitate their identification of Tone 3. 

This is, in fact, somewhat different from what previous research might have 

predicted. In Grenie’s (1997) study, ten native Chinese speakers participated in a 

perception test with partially presented words with Tone 3 with and without creaky 

voice.  The results showed that a Tone 3 produced with creaky voice was more quickly 

recognized (beginning at 60% of the duration of a syllable) than a Tone 3 without 

creakiness (70% of the duration). Their study suggested that creaky voice is a 

secondary indicator of Tone 3. It would thus be a reasonable prediction that creaky 

voice would facilitate tone 3 identification; however, this is not supported by the results 

from the current research. 

Several reasons may contribute to this discrepancy. First, the methodology in the 

current study is different from that in the previous study. In the current study, the stimuli 

consisted of complete syllables when they were presented and they differed not only in 
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their creakiness but also in the timing of the turning points. On the other hand, the 

stimuli in Grenie’s study (1997) were partially presented to see how fast an accurate 

Tone 3 recognition occurs. The two experimental designs were different from each other 

because their research goals were not the same. The current study aims to determine 

whether stimuli with creaky voice will generate more Tone 3 responses while the other 

study attempted to find out the earliest recognition point before a complete syllable 

unfolds itself. Secondly, the stimuli from the previous study were from naturally recorded 

production from native speakers. Therefore, for each stimulus (either partially or fully 

presented) there was a “correct” or expected tone response. In the current study, by 

contrast, all the stimuli were manipulated in their timing of turning point and presence of 

creaky voice. Thus, there were no right or wrong answers for each tone response. It 

appears that there might have been some interaction between the effect of phonation 

type and tone contour such that when the tone contour is fully presented with 

creakiness, the creakiness affects people’s tone perception, particularly among non-

native listeners. Grenie’s (1997) study tested only native Mandarin speakers; therefore, 

whether creakiness would make the Tone 3 recognition point early remains unknown.  

Jongman & Moore (2000)’s study suggested that native Mandarin listeners could 

use their language background to help in distinguishing tone contrasts that had 

variations in F0 and speaker rate, but native English listeners still used only acoustic 

variation as a cue to discriminate phonemic contrast. These results seem to be 

supported by the current study in that the creaky voice was not used as a helpful cue 

but rather took on the role of a limited perceptual resource for listeners.  



 

85 

If creaky voice is indeed a primary perceptual cue, then it should make the Tone 3 

identification easier with this extra cue and produce more Tone 3 responses. Contrary 

to that expectation, however, the presence of creaky voice actually reduced the total 

number of Tone 3 responses and more Tone 2 responses were generated. Does this 

mean creaky voice is a redundant cue in Tone 3 perception? Does it mean that adding 

creaky voice will only confuse listeners? Although this may appear to be the case, this 

phenomenon is not as easily explicable as it may seem. To understand the role of 

creaky voice, we need to take a closer look at the perceptual boundary of the tone 

continuum in the next question. 

Research Question 3 

What is the perceptual boundary of the Tone 2-Tone 3 continuum perceived 

by native Chinese speakers (NC)? How does it differ from L2 learners of Chinese 

(NE) with different proficiencies? What is the role of creaky voice in their 

perception? From the results obtained from calculating Average Turning Points (ATP) 

for both tone responses, we found that for both native and non-native speakers, the 

average location of the turning point is later when creaky voice is present. This holds 

true for both Tone 2 and Tone 3 responses. There was no significant difference in the 

two native English groups; therefore, their L2 proficiencies do not seem to make a 

difference in the average location of the turning points for Tone 2 and Tone 3 

perception. 

In addition, the current study also found that when the turning point occurs late in a 

stimulus (on or after 348ms in the current experiment), the stimulus will be identified as 

a robust Tone 2 from most listeners, regardless of their native languages. Since the dip 

in all stimuli in the current research was kept at 68ms, the real rising of those tone 



 

86 

contours actually occurred at 416 ms (348+68), which was about 90% of the duration. 

This steep rising appears to override all other parameters in a stimulus, including the 

presence of creakiness. This is also different from the findings of a previous study 

conducted by Cao & Sarmah (2007), in which stimuli with turning points later than 

72.5% of the syllable were identified as Tone 4. An explanation of this would be the 

different parameters used in these two studies. In the 2007 study, the F0s of stimulus 

onset, turning point, and offset were 186Hz, 163 Hz, and 211Hz, and the syllable 

duration was 400ms. In the current study, however, the corresponding F0s are 203Hz, 

170.5Hz, and 253 Hz, with the duration of syllable at 460ms. In fact, the angle at which 

the rising occurred in the present study was much steeper compared to the previous 

one. Therefore, the results do not contradict the previous finding in that study. 

These data were calculated from the tokens that received 100% either Tone 2 or 

Tone 3 responses. Thus, these average turning points indicate the average value of the 

location of turning point from those stimuli that are perceived as a certain tone. For 

instance, the ATP for native Chinese speakers in Non-creaky condition is 16.1%. This 

means that when there is no creaky voice, a typical stimulus that will be perceived as a 

Tone 2 is the one that has its turning point at 16.1% of the syllable. However, if creaky 

voice is present, the turning point of this typical stimulus will move to 18.3% of the 

syllable. This change for a Native English listener would be from 20.5% to 22.4%.  

Similarly, when creaky voice is absent, a typical stimulus that will be heard as a Tone 3 

by Native Chinese listeners is the one with a turning point at 42%. When there is 

creakiness, the turning point shifts to 46%. This shifting pattern for Native English 

listeners would be from 38.2% to 42.2%.   
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To summarize, the presence of creaky voice makes the average turning point 

appear later, regardless of the listeners. In other words, creaky voice makes the 

duration of the initial falling of a tone contour seem to be perceptually shorter to both 

native and non-native ears. This finding is particularly enlightening because none of the 

previous studies we have seen appear to make similar discoveries.  

To predict the perceptual boundary of the Tone 2- Tone 3 continuum, Binary 

Logistic Regression was used in the present study. This method of calculating is 

different from that used previously in similar research (e.g. Cao & Sarmah 2007, Yang 

2011).  It is, in fact, a better approach. In perception experiments, the same stimulus is 

usually repeated only a limited number of times (6 times in the present study). As shown 

in Chapter 4 (figure 4-4), using the traditional 50% categorical crossover line to see the 

boundary might not be applicable to all participants due to the limited number of 

responses to one stimulus. Binary logistic regression is a more suitable method here 

because it provides us with a predicted value of that 50% categorical crossover line if 

there is an indefinite number of repetitions of a stimulus and an indefinite number of 

responses. This is more accurate and better applies to our data. 

The results from binary logistic regression show that for both native and non-native 

listeners, the perceptual boundary of Tone 2-Tone 3 shifts to a later point when creaky 

voice is added. There is also no significant difference between native and non-native 

speakers on those boundaries. When creaky voice is absent, the boundary of shifting 

Tone 2 to Tone 3 perception happens at 16.7% of the syllable. When creaky voice is 

added, the perceptual boundary shifts to 35% of the syllable.  
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The results here seem to be different from the previous study (Cao & Sarmah, 

2007) that the crossing point of the Tone 2- Tone3 perception happened at 42.5% of the 

syllable. This can be attributed to the following factors. First, the parameters of the 

stimuli are different in these two experiments. As previously mentioned, the shape of the 

tone contours in the stimuli used in the two studies are not the same, which would result 

in different angles of rising/falling contours even when the turning points are the same. 

Secondly, the methods for calculating perceptual boundaries are very different in these 

studies. The previous study used the traditional method of drawing a 50% crossing 

point, which could only represent the actual value collected from those participants 

listening to limited numbers of stimuli from a certain study. The current research, on the 

other hand, utilized a better approach—binary logistic regression-- to calculate the 

predicted boundary as if participants were listening to an unlimited number of stimuli. 

In summary, the role of creaky voice in Mandarin Tone 2 and Tone 3 perception is 

neither critical nor redundant. Creaky voice is not a primary cue when it comes to Tone 

2 and Tone 3 distinction because its presence does not predict more Tone 3 responses. 

However, creaky voice is not a redundant perceptual cue because it does affect the 

perception of certain tone contours when the turning point falls within a certain range. 

Non-native listeners seem to be more influenced by this perceptual cue.  

In addition, the presence of creaky voice seems to shorten the perceptual duration 

of the initial falling of a syllable in both native and non-native listeners. The 

psychoacoustic effect of creaky voice has not been studied intensively in previous 

research; however, it has been suggested that non-modal vowels are associated with 

longer duration phonetically compared to their modal counterpart (Gordon 1998), such 
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as in Kedang and Jalapa Mazatec. This may, perhaps, help to explain the perceptual 

shortening found in the current research. If in some languages, a creaky vowel has to 

be longer than a clear vowel, it implies that listeners perceive the vowel with creakiness 

as the same vowel without it.  Therefore, the fact that the turning point occurs at a later 

time when creaky voice is present does not seem surprising at all.  

To ascertain whether this is also true with for Mandarin tone production, a sample 

of Tone 3 tokens was taken from the Native speakers’ production data in the current 

study. Two sets of words were chosen—produced with and without creaky voice. They 

were compared in terms of their syllable duration and timing of the turning points. The 

results did not conform to previous research. The durations of the words produced with 

creaky voice tended to be shorter (413ms) than those that are clear (567ms, p=.00). 

The average timing of the turning points in those creaky words occurred at 50% of the 

syllable, later than that in clear words (40.5%, p=.00). This was also different from what 

we found in the perception experiment in the current study, where the falling part of a 

tone contour seems shorter when creaky voice is added. It has been established that 

perception precedes production and phonetic perception is not necessarily equivalent to 

phonological interpretation (Dinnsen 1985). The discrepancy found in the current study 

provides additional evidence for this. In addition, in future research, it would be more 

beneficial to examine native English speakers’ production data and see how it relates to 

their perception. 

The current study also has some implications for the speech models that were 

reviewed in Chapter 2. Those models can be extended to account for the 

suprasegmental features and phonation types as explored in the current research. For 
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example, the Speech Learning Model predicts that when an L2 sound is very different 

from the closest L1 sound, a new category will likely to be established. According to the 

SLM, if native English speakers can perceive how Mandarin Tone 3 is different from 

Tone 2, it is very likely that the two different tone categories will be built in their L2 

phonological inventory. However, previous research (e.g. Wang 2006) and the current 

study both suggest that L2 learners of Mandarin tones do not use perceptual cues in the 

same way that native Chinese speakers do. The fact that the L2 speakers in the current 

study are more affected by the presence of creaky voice suggests they do not use pitch 

contour as the primary cue for tone recognition, or to the same extent as native 

speakers. At least with their current L2 proficiency levels, creaky voice seems to have a 

negative influence on their ability to fully perceive pitch contour.  One of the predictions 

by the Perceptual Assimilation Model is that a non-native segment could be assimilated 

to the native category if it is heard as a good, acceptable, or deviant exemplar from the 

native category. In our L2 speakers’ native language, English, there is no lexical tone 

category. The closest thing that tone can be related to is the intonation that is used at 

sentence level. Lexical tones would fall out of their native phonological space and thus 

they are predicted to pose potential difficulty for English speakers. In this case, degree 

of perceptual difficulty is predicted by PAM to depend on the phonetic saliency between 

the two tones.  As both SLM and PAM agree, L2 listeners will continue to refine their 

perception, and when their L2 proficiency is more native like, the differences between 

Mandarin Tone 2 and Tone 3 will be more salient. PAM would then predict that an L2 

learner will perceives tones with a moderate to good level eventually. The Native 

Language Magnet model predicts that if an L2 sound is very close to a native language 
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prototype, it will be difficult for L2 learners to perceive the phonetic contrast. Since our 

L2 learners do not have lexical tone prototypes in their native language, it is difficult for 

them to extract pitch contour information to perceive tones. Depending on the psycho-

acoustic distances between tones, the NLM would predict that Tone 2 and Tone 3 are 

difficult to distinguish, since they are acoustically very similar to each other. Tones have 

to be mapped differently from their current phonological space in order to be perceived 

in the same way as native speakers of Mandarin.  

Conclusions, Limitations, and Future Directions 

The present study explored Mandarin Tone 2 and Tone 3 perception among native 

and non-native speakers and the role of creaky voice in their perception of these tones. 

The location of the turning points that mark the perceptual boundaries between Tone 2 

and Tone 3 are 16.7% (no creaky) and 35 % (with creaky) for native Chinese and 

English listeners. When the turning point occurs after 90% of the syllable, perception 

reverts to Tone 2. Creaky voice is not a primary cue for Tone 3 perception (although it is 

frequently found in production of Tone 3), but it is not redundant. It shortens the 

perceptual length of the initial falling of a tone contour, making the perceptual boundary 

shift earlier for both native and non-native listeners.  

There are some limitations in the present study that are relevant for future 

research. In the perception experiment, for example, stimuli with only vowel /a/ are 

included. Future studies could consider having more vowels in the perceptual stimuli to 

see if they affect perceptual boundaries. In addition, a secondary confirmation of the 

creaky voice inspection in the production data, such as examining the FFT of each 

word, would allow for stronger claims.  
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In conclusion, our study not only explored the perception of Mandarin Tone 2 and 

Tone 3 to a finer extent, but also examined the role of creaky voice in the perception of 

tones among both native and non-native listeners. The results provided some 

interesting findings in the psychoacoustic domain showing that voice quality could 

interact with perception of certain sounds. It is hoped that the research reported herein 

contributes to a better understanding of the perceptual cues used in determining 

Mandarin tones for both native speakers and L2 learners. With regard to the teaching of 

Chinese to L2 learners, perhaps the findings here will be of use in the development of 

teaching plans or chapters in Chinese L2 textbooks that focus on how to listen more 

effectively for Chinese tones. 
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APPENDIX 
FORTY WORDS USED IN TONE BASELINE TASK (WITH PINYIN +TONE MARKS) 

 
八ba1 

杯bei1 

车che1 

吃chi1 

东dong1 

多duo1 

分fen1 

喝he1 

家jia1 

开kai1 

来lai2 

门men2 

钱qian2 

人ren2 

十shi2 

台tai2 

玩wan2 

学xue2 

谁shei2 

别bie2 

比bi3 

我wo3 

打da3 

懂dong3 

给gei3 

好hao3 

几ji3 

可ke3 

李li3 

请qing3 

四si4 

问wen4 

下xia4 

姓xing4 

又you4 

在zai4 

这zhe4 

课ke4 

近jin4 

会hui4 
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