


 

ABSTRACT 

 

The Effect of Linguistic Background on 

the Perception of Pitch Contour 

by 

John Joseph Galindo, Jr 

 

Studies conducted in the area of tone perception suggest that experience with tonal features such 
as pitch height, direction, duration, and contour in the L1 of the listener affect the perception of 
such features. This study consists of a categorical perception experiment to investigate whether 
native experience with a tone language affects the perception of pitch contours. Subjects are 
divided into two groups: native Mandarin speakers and native English speakers. The central 
hypothesis of this study is that Mandarin speakers would perceive a continuum between the 
rising tone and the falling-rising tone categorically, while English speakers would make no such 
distinction. Results from a discrimination task indicate that neither the Mandarin group nor the 
English group perceived the tonal continuum categorically. This may be accounted for by the 
fact that differences between Tone 2 (rising) and Tone 3 (falling-rising) in Mandarin are 
perceptually ambiguous for both native and non-native listeners.  
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1. Introduction 

This thesis describes a psychoacoustic experiment that investigates the influence of L1 

lexical tones, or lack thereof, on pitch perception. Beginning in the 1950s, speech perception 

research began addressing how our perception of categories of speech sounds remains consistent 

despite variation in the speech signal, both within and across speakers (Liberman et al., 1957). 

Research in this area has robustly shown that perceptual boundaries on a single, continuous scale 

of stimuli that vary on one dimension presented to a listener occur abruptly and that these 

category boundaries tend to be consistent across speakers of a given language, if such a category 

boundary exists in that language; this phenomenon is known as categorical perception. 

Investigating categorical perception crosslinguistically has allowed researchers to show that 

linguistic experience plays an important role in perceiving segmental features. Many studies 

have shown that for the same set of stimuli, speakers of one language perceive category 

boundaries while speakers of another language do not. For example, in a 1975 study involving 

Japanese and American English speakers, a synthetic /r/-/l/ continuum was perceived 

categorically for the English listeners, although not for the Japanese listeners (Miyawaki et al., 

1975). In this experiment, native English speakers made a categorical distinction between /r/ and 

/l/, while native Japanese speakers did not make such a distinction. This difference in 

performance between groups was attributed to linguistic experience; the fact that /r/ and /l/ 

contrast phonemically in English allowed English speakers to perceive this contrast 
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categorically. Conversely, since Japanese makes no such phonemic contrast between /r/ and /l/, 

Japanese listeners did not perceive the two sounds categorically. Recent studies have looked at 

whether lexical tone is also perceived categorically. Numerous tone perception studies suggest 

that features such as pitch height, direction, duration, and contour present in the L1 of the listener 

affect the perception of such features (Gandour & Harshman, 1978; Gandour, 1983; Xu, 

Gandour & Francis, 2006; Peng, Zheng, Gong, Yang, Kong & Wang, 2010; Yeung, Chen & 

Werker, 2013). The current study likewise investigates the role of a listener’s native language in 

the perception of lexical tones. 

The aim of this experiment is to investigate whether native experience with a tone language 

affects the perception of pitch contours with respect to categorical perception. The study consists 

of two groups of participants: native-speakers of English, and native-speakers of Mandarin, all of 

whom also speak English. Mandarin has four tones, one of which is a complex contour tone 

(falling-rising), while English does not make lexical contrasts by solely manipulating pitch 

Previous studies have used continua  ranging from Mandarin tone 3, a falling-rising complex 

contour tone, to Mandarin tone 4, a falling contour tone (Hallé, Chang, & Best, 2004; Chang et 

al., 2008). The stimuli used in this experiment are a 16-step continuum ranging from a rising 

contour tone on one side, corresponding to a rising tone, Mandarin tone 2, to a falling-rising 

complex contour tone, corresponding to Mandarin tone 3. Additionally, a word condition was 

introduced in the experiment, containing two levels: words and nonce words which vary in their 

phonotactic well-formedness. In a 2-Alternate Forced Choice (2AFC, AXB) 4-step 

discrimination task, the discrimination function from participants’ responses indicate whether 

Mandarin and English speakers make categorical distinctions at different steps along the stimuli 
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continuum. Because Mandarin makes tonal distinctions and English does not, I hypothesize that 

Mandarin speakers might make a categorical distinction on the continuum as a result.  

The remainder of this thesis is organized as follows. I first provide a review of the 

literature relating to the perception of lexical tone. This discussion begins in Section 1.1 with the 

topic of categorical perception, where I show how previous studies have investigated how 

listeners categorize sounds within a particular language, and some methodological considerations 

for such an investigation are given. I will present the categorical perception paradigm and how it 

has proven effective in previous perception research. In 1.2 I talk about the different ways that 

pitch is manipulated in Mandarin and in English. In Section 1.3, the topic of cue weighting is 

introduced, explaining how various perceptual cues are weighted across languages and how 

listeners employ a variety of primary and secondary acoustic cues in the task of perception. 

Section 1.4 discusses categorical perception with respect to the suprasegmental feature of tone. 

Subsequently, the methods and the results of the experiment are given in sections 2.0 and 3.0, 

and a discussion of the results is offered in section 4.0.  

 

1.1 Categorical Perception 

Categorical perception is a phenomenon first described in the Haskins Labs in 1957 in 

which speakers with similar language backgrounds make similar boundary distinctions between 

sounds that vary by one factor along a continuum. The principle of categorical perception was 

developed to account for the fact that listeners of a language are able to identify speech sounds 

accurately and consistently, despite variation in the speech signal for any given sound. Abundant 

research in categorical perception has revealed two crucial findings: (1) listeners of a language 
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are readily able to perceive differences between sounds that are phonemically contrastive, and 

(2) listeners do not perceive acoustic differences between sounds occurring within the same 

phonemic category. There are two tasks conventionally associated with the categorical 

perception (hereafter, “CP”) paradigm. The first task is an identification or labeling task in which 

listeners are presented with a stimulus taken from a continuum and then asked to identify it. The 

other task associated with the CP paradigm is the discrimination task, in which listeners are 

instructed to make similarity judgments about the sounds presented to them. The functions 

resulting from these two tasks exhibit predictable characteristics: “(1) In the [identification] 

function, there is a sharp boundary between two categories; (2) in the discrimination function, 

accuracy peaks at the category boundary, but is at or near chance level within category; (3) the 

discrimination function can be predicted from the identification function.” (Peng et al., 

2010:616) The remainder of this section describes the CP paradigm in detail, providing examples 

of studies that illustrate various phonemic categories that are perceived categorically.  

  In this seminal study, Liberman et al. (1957) employed a discrimination and 

identification paradigm which is now widely used in the investigation of categorical perception. 

In Liberman et al.’s study (1957), each step on the continuum was a CV pair, and the factor 

being manipulated was the formant trajectories from the consonant into the vowel /a/ so that 

listeners heard either [ba], [da], or [ga], depending on the formant locus in each step. In the 

identification function obtained from this task, the x axis is the step number and the y axis is the 

percentage of the time that listeners identified a stimulus as a certain sound. With three possible 

sounds, there are three identification functions corresponding to sounds (b, d, or g) which are 

consistently identified within categories but the functions have a high slope at category 

boundaries.  
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As mentioned above, the other task associated with the categorical perception paradigm 

is the discrimination task. Liberman et al. (1957) presented stimuli in the ABX format, where A 

and B differed by one, two, or three steps along the continuum of stimuli, and X was either the 

same as the first (A) or third (B) word presented. The participants’ task was to identify which 

pair was the same (AX or XB). They made the prediction that a subject “can discriminate the 

stimuli only to the extent that he can identify them as different phonemes” (Liberman et al., 

1957:362). That is, if A and B are located at two places on the continuum and the category 

boundary lies between these two points, participants are expected to accurately describe whether 

X was identical to either A or B, showing a peak in the discrimination function. Conversely, if A 

and B belong to the same phoneme and lie on the same side of a category boundary, then it is not 

expected that participants would correctly discriminate X. In short, it was predicted that listeners 

would discriminate sounds across category boundaries better than they would discriminate 

sounds within the same category. This prediction was upheld, and may be seen on the 

discrimination function obtained from the discrimination task in Figure 1 below. In the 

discrimination function, the x axis is the step number and the y axis is the percentage of the time 

that listeners are able to correctly identify the identical pairs. Figure 1 shows the discrimination 

function for one participant. The dotted line shows the predicted performance, while the solid 

line shows the actual performance, indicating category boundaries at steps 2 and 8. Together, the 

identification and discrimination tasks are sufficient to determine where on a continuum of 

stimuli listeners make categorical distinctions. 
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Figure 1- Predicted and obtained discrimination function of one speaker along a /b/-/d/-/g/ continuum. Dotted lines represent 
predicted discrimination performance; the solid line represents actual performance (Liberman et al., 1957) 

 

While Liberman et al. (1957) showed that stop place was perceived categorically in 

English, there have been many studies showing how a variety of other segmental features are 

also perceived categorically. For example, by manipulating the Voice Onset Time (a reliably 

strong cue for place articulation) along a continuum, stop consonants have been shown to be 

perceived categorically (Lisker & Abramson, 1970; Pisoni & Lazarus, 1974). There has also 

been strong evidence for categorical perception along the oral-nasal continuum (Mandler, 1976). 

Fricatives, too, have been shown to follow similar categorical perception patterns found for stop 

consonants, although less categorically (Liberman, Cooper, Shankweiler, & Studdert-Kennedy, 

1967; Healy & Repp, 1982; Repp, 1984). 
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1.2 Manipulating pitch     

In this section, I discuss the different ways pitch is manipulated in English and in 

Mandarin. The speech signal carries information about both segmental and suprasegmental 

features (Tong, Francis & Gandour, 2008). Segmental features of the speech signal are 

consonants and vowels.  Suprasegmental features include pitch, amplitude, duration, and stress. 

The ways in which segmental and suprasegmental features interact within a language vary 

crosslinguistically. Suprasegmental features are of great interest in the present study, since pitch 

is manipulated in both languages, although in different ways. This section discusses the 

segmental and suprasegmental features in English and Mandarin, emphasizing how pitch has a 

different function in both of these languages.   

The perceptual dimension investigated in this study is pitch. Pitch is the perceptual 

correlate of frequency in a given acoustic signal, and has often been described as the “auditory 

sensation in terms of which sounds may be ordered on a scale extending from low to high” 

(Hartman, 1998: 283). The acoustic correlate to pitch is f0, the fundamental frequency. In the 

acoustic signal, the fundamental frequency is the first harmonic. Pitch is the psychoacoustic 

feature manipulated in this experiment.  

Pitch may be manipulated in speech for a variety of functions, which include lexical stress, 

intonation, and tone. English is a stress language, in which the primary suprasegmental feature is 

stress. Stress in English is realized by a higher pitch, a longer duration, and a higher amplitude 

on the stressed syllable. There are many noun/verb pairs of disyllabic words which are 

contrastive by stress, and by putting the stress on either the first or second syllable, the word is 

interpreted as either a noun or a verb. In these pairs, nouns are stressed on the first syllable, and 
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verbs receive stress on the second syllable. Consequently, these nouns have a higher pitch on the 

first syllable (HL) and these verbs have a higher pitch on the second syllable (LH), since pitch is 

a secondary cue to stress in English. Below are some noun/verb pairs with contrastive stress. 

Note the difference in pitch heights for each syllable: 

Noun (HL) Verb (LH) 

COM-pound com-POUND 

PER-mit per-MIT 

CON-tract con-TRACT 

RE-call  re-CALL 

DIS-charge dis-CHARGE 

SUS-pect sus-PECT 

 

Table 1- Noun/Verb Pairs in English with Contrastive Stress  

Again, pitch is a secondary cue to lexical stress in English, and while the pitch changes 

accordingly, it is because English makes contrastive stress and not because English employs 

contrastive pitch.  

However, there are languages that do not employ a stress system. For some languages, 

lexical distinctions are made between two words with the same segmental form, although they 

contrast in pitch. Languages which employ pitch to make minimal pairs are called “tone 

languages” or simply “tonal.” Different types of tonal distinctions are made between tonal 

languages. Some tone languages employ register tones to make minimal distinctions, that is, 

tones which are distinguished by pitch height (frequency) alone. Among these languages is 
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Yoruba, a register tone language which makes three register distinctions in tone (low, mid, and 

high). Mandarin also makes register tonal distinctions, but contains contour and complex contour 

distinctions as well. There are four tones in Mandarin: a high level tone (55), a high rising tone 

(35), a low falling-rising tone (214), and a high falling tone (53) (Yip, 2002). 

In addition to lexical stress and tone, intonation is yet another suprasegmental feature that 

occurs in language. Intonation 1

This section has shown that while pitch is manipulated both in English and in Mandarin, 

it happens in two different ways. In English, pitch is manipulated as a secondary cue to stress, 

while it is a primary cue for lexical tone in Mandarin.  

 is different from both stress and tone, although it may interact 

with both stress and tonal systems. Intonation is often realized by manipulating pitch, although 

where lexical stress in English and lexical tones in Mandarin operate on the lexical level, 

intonation is a pitch pattern occurring over an entire utterance. One example of intonation is the 

pitch patterns used to indicate a question. For a yes/no question in English, the pitch contour 

rises at the end of the utterance. In Mandarin, an interrogative is marked by a global rise in f0 

contour (Xu & Mok, 2012). 

 

  

                                                             
1 Intonation is another suprasegmental feature and is described by the manipulation of pitch contours 

occurring over within intonational units. The functions of intonation vary among languages and include indicating 

topic and themes, conveying the communicative intent of the speaker, relaying attitudes of the speaker, and 

indicating indexical features of the speaker such as sex, age, and sociocultural background (Vassière, 2005).   
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1.3 Cue weighting 

In each language, the perception of a sound in the phonemic inventory corresponds to a 

set of particular acoustic features. While the percept of a sound encompasses many acoustic 

dimensions, some of these acoustic dimensions play a greater perceptual role for listeners than 

others. This phenomenon has been called cue weighting (Holt & Lotto, 2006). Some acoustic 

cues tend to be fairly robust. For example, formant transitions from consonants to vowels 

provide strong cues indicating the place of articulation of a consonant, particularly with stops, 

affricates, nasals, and fricatives (Delattre, Liberman, & Cooper, 1955).  Other acoustic cues are 

not as salient, and a change in acoustic features does not necessarily result in a change in 

perception. For example, Japanese listeners do not readily perceive F3 contrasts along an /r/ - /l/ 

continuum (Miyawaki et al., 1975).  

Much like the segmental features mentioned above, tonal distinctions also have a set of 

perceptual cues associated with them and these distinctions are perceptually weighted differently 

between languages (Holt & Lotto, 2006), as well as between speakers (Beddor, 2009). Not 

surprisingly, the cues for Mandarin tones differ not only in the salience of each acoustic feature, 

but also in how these perceptual cues are weighted in each language. In Mandarin, fundamental 

frequency is the primary cue to tone identity (Liu & Samuel, 2004). One of the secondary 

perceptual cues for Mandarin tones include voice quality. Specifically, creaky voice is a 

secondary cue for the perception of falling tones (Belothel-Grenié and Grenié, 1997).  

Perceptual cues are generally not shared across languages, since the relationship of 

acoustic cues to linguistic categories is itself not necessarily shared across languages. For 

example, aspiration is a strong cue for voiceless stops for English speakers (Repp, 1979). In 
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contrast, while contrastive aspiration is found in Hindi, speakers do not necessarily associate 

aspiration with voiceless stops, since aspiration is a contrastive feature in this language 

(Benguerel & Bhatia, 1980). The fact that aspiration is an additional phonemic dimension in 

Hindi is important because there is likely another set of primary and secondary cues associated 

with contrastive aspiration in this language than there is in English, and one should not expect 

aspiration to be a secondary cue for voiceless stops as it is in English. It does not follow, 

necessarily, that English speakers weigh aspiration cues more than Hindi speakers do, although, 

to reiterate, we must acknowledge that the perceptual dimensions vary between these two 

languages, and the mapping of acoustic cues to certain segments are almost reliably different as a 

result.  These different perceptual dimensions found across languages can be accounted for by 

the different cue weight that a certain acoustic feature carries in a language. 

In a seminal study of the crosslinguistic perception of tone, Gandour and Harshman 

(1978) sought to determine which physical dimensions of the acoustic signal were most salient in 

the perception of tones in Thai and Yoruba. Their analysis revealed five perceptual dimensions 

of tone on which many subsequent tone perception studies are based. These include average 

pitch, pitch direction, pitch duration, extreme endpoint, and pitch slope (Gandour & Harshman, 

1978). It is known that suprasegmental features such as intensity correlate highly with tone 

perception (Peng et al., 2010), although in the current study, I focus on fundamental frequency as 

the primary cue for lexical tone perception.   

Previous studies have employed the CP paradigm to look at the influence of different 

language backgrounds on the perception of the same set of stimuli. Comparing native speakers of 

different backgrounds, some crosslinguistic CP studies have shown that category boundaries of 

different languages lie at different points on the continuum where the same stimuli were used. 
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For example, Lisker and Abramson (1970) showed that Voice Onset Time is an important cue 

for voicing in English, Spanish, and Thai, although listeners of each language showed category 

boundaries at different places along the VOT continuum. Comparing Japanese and American 

English listeners, Kunisaki and Fujisaki (1977) found category boundaries at different places 

along the /ʃ/ - /s/ continuum. Another study, already mentioned in the first section, compared the 

discrimination and identification functions of native Japanese speakers and native American 

English speakers along an /r/-/l/ continuum (Miyawaki et al., 1975). The functions revealed that 

American English speakers perceived the continuum categorically, while Japanese speakers did 

not. In each study, the different placement of category boundaries was attributed to the 

perceptual boundaries in the speakers’ native language, and were predicted to be different than in 

other languages. In the same spirit of comparing how different language experience affects the 

perception of a synthetic continua, the current thesis seeks to describe how English and 

Mandarin listeners perceive lexical tone along a continuum from a rising contour tone to a 

falling-rising complex contour tone. 

 

1.4 Categorical Perception of Tones 

While earlier studies on the Categorical Perception of speech focused primarily on 

segmental features, a number of subsequent studies have also investigated whether tones are 

perceived categorically as well. This section reviews the various categorical perception studies of 

lexical tone.  

In the first such study, Wang (1976) conducted an experiment investigating the 

perceptual boundary between a rising tone and a level tone. In this study, four experimental 
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groups of subjects participated: a native Mandarin group (N = 2), native speakers of American 

English (N = 3), participants who were familiar with psychophysical experiments (N= 2), and a 

“trained” group, the experimenters themselves (N = 2). The stimuli in this experiment consisted 

of a continuum from a rising tone to a level tone. The syllable used was [bi]. With a level tone, 

this means “clothing” in Chinese, and with a rising tone, it means “aunt.” For this experiment, 

participants performed both an identification and discrimination task. For the identification tasks, 

participants were asked to circle the Chinese character for “aunt” or “clothing” on the answer 

sheet if their native language was Chinese, or to indicate if the syllable they heard resembled a 

level tone or rising tone by circling “L” or “R” on the answer sheet. For the discrimination task, 

the stimuli were presented in the ABX paradigm, and participants were asked to decide whether 

the third sound they heard resembled the first or the second.   

Wang reports the category boundary for each group to be different, based on the observed 

identification function and discrimination functions. For the American English group, the 

category boundary is close to the level tone. He notes that this corresponds to the psychophysical 

difference between the stimuli (level versus the rest of the stimuli). The two groups of native 

Chinese participants, however, show variation in the discrimination function. The discrimination 

function for the naïve Chinese participants shows a peak at the same place as the crossover in the 

identification function. Subjects familiar with psycholinguistics experiments show a linguistic 

boundary and a psychophysical boundary, categorized by a more gradual peak in the 

discrimination function at the crossover point in the identification function. The experimenters 

show only a psychophysical boundary, signaled by the lack of a discrimination peak at the 

crossover point in the identification function, presumably.  He argues that the English group only 

show sensitivity to psychophysical differences in the stimuli, while the Chinese participants who 



14 
   

 
are not the experimenters show evidence that experience with lexical tones allow this continua to 

be perceived categorically. A discussion of “psychophysical perception” is included in a later 

portion of this section.  

Gandour and Harshman (1978) conducted a study that has been the basis of many 

crosslinguistic perception studies comparing cue-weighting strategies.  In this study, the authors 

conducted a perception experiment and executed a multidimensional scaling procedure analysis 

in order to investigate the extent to which an individual’s language background influences 

perception, as well as to identify which perceptual dimensions are basic to the perception of 

tones crosslinguistically. The study recruited three groups of language speakers: Thai (5 contour 

tones), Yoruba (3 register tones), and English (a non-tone language). These three language 

groups in particular were chosen to see how changes in the use of pitch across languages 

influence the perception of tone. The stimuli used in this experiment include 13 tones, all of 

which exploit a number of pitch characteristics found in the tonal inventories of natural 

languages: pitch height, direction of pitch movement, pitch range, magnitude of pitch slope, 

beginning and ending point of pitch movement, and pitch duration. To create the stimuli used in 

this experiment, the fundamental frequency trajectories related to these five categories were 

superimposed on a syllable that approximated [wa] using an analog synthesizer. This syllable 

was intentionally chosen so as to reduce the probability that any participant from any language 

background would interpret this as a meaningful syllable in their native language. Participants 

were told that they would hear a word from a foreign language and that each word would have 

the same CV pattern but differ in pitch. They were told to ignore any other differences that they 

may hear in the stimuli. The stimuli were presented in pairs within a carrier phrase (“compare the 

following words: ____”). They were instructed to report how dissimilar the two words they 
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heard were by circling a number on a scale from 0 to 10, whereby 0 signaled that there was no 

difference between the words, 5 indicated that there was a medium difference between the 

words, and 10 indicated that there was an extreme difference between the words. Each stimulus 

token was paired with the rest of the 12 tokens, and four of each pair was presented to each 

subject throughout the experiment. Their analysis extracts a common set of perceptual 

dimensions across the speakers by using dissimilarity judgments. An analysis of variance was 

then performed in order to establish the statistical significance of language group differences for 

the resulting perceptual dimensions. The resulting five-dimensional solution for the combined 

group showed the best representation of the underlying perceptual structures found in the stimuli, 

which included average pitch, direction, length, extreme endpoint, and slope.  

Abramson (1979) investigated whether a continuum of Thai tones would be perceived 

categorically by native Thai speakers. He used a continuum of level tones, designed to 

correspond to the low, medium, and high level tones present in the Thai tonal inventory using the 

syllable [kha:]. This results in three words in the Thai vocabulary, using the low level tone 

[khaa11] “a rhizome,” the medium level tone [khaa33] “grass,” and the high level tone [khaa55] 

“to engage in trade.” Both identification and discrimination tasks were included in this 

experiment. In the identification task, the participants were simply asked to identify the word 

given. In the discrimination task, a 4-interval forced-choice test of pair similarity (4IAX) was 

administered, and for each pair of words presented to them, they decided whether the pair was 

the same or different. Results from the identification task clearly showed the continuum to be 

perceived categorically, with separate peaks in the discrimination function corresponding to the 

three level tones in Thai. However, Abramson reported that the discrimination data did not show 

any boundary effects for any of the participants. 
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Lee et al. (1996) investigated the influence of native language background and lexical 

status on the perception of lexical tones. In two experiments, a same/different discrimination task 

was given to three language background groups: native Cantonese, Mandarin, and English 

speakers.  In this computer-administered task, participants were presented two words and were 

instructed to indicate whether these two words were the same or different by pressing keys on the 

keyboard. By including two different experiments in which the tone contours of the stimuli 

corresponded to either Cantonese (Experiment 1) or Mandarin (Experiment 2) tones, the 

experimenters were able to see both how native Cantonese and Mandarin speakers performed 

with words from their native language, and from the other, unfamiliar tone language.  The 

English group was also included in order to show whether the lack of native experience with a 

tonal language affects the perception of a tone continuum. In addition to the language 

background conditions, two other within-subject factors were introduced: the manner in which 

the tones were presented (immediate vs. delay vs. counting conditions) and the lexical status of 

the tones (lexical tone vs. non-lexical tone). In the immediate presentation condition, the second 

word was presented immediately after the first one. In the delay condition, a 5-second interval 

separated the two words. In the counting condition, the second word was presented 5 seconds 

after the first, and participants had the additional task of subtracting 3 from a two-digit number 

which appeared on the computer screen. For the tone factors, the lexical tone condition included 

phonemes matched with a tone contour, resulting in an actual word in either Cantonese 

(Experiment 1) or Mandarin (Experiment 2). In the non-tone condition, the word form was 

matched with a tone contour that did not have a corresponding meaning in either Cantonese 

(Experiment 1) or Mandarin (Experiment 2).  
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In experiment 1 (Cantonese), the Cantonese group was the only group to show an 

advantage for the word condition over the non-word condition. Additionally, this group 

outperformed the other two groups in both the lexical tone and non-lexical tone conditions. 

Reaction time data indicated that the counting condition resulted in significantly higher response 

latencies for each language group. Both the Cantonese and Mandarin groups took significantly 

longer to respond to the non-word condition than the word condition, while no such difference 

was found for the English group. Similarly, in experiment 2 (Mandarin), the Mandarin group 

outperformed the other two groups in both the lexical tone and non-lexical tone conditions, 

although there was no observed word advantage for the Mandarin group. It was suggested that a 

modified experimental procedure might indicate a difference between the word and nonword 

conditions for native Mandarin speakers. Results from both experiments indicate that speakers 

are better at discriminating tones from their own language than are speakers from the other two 

languages. This finding suggests an influence of language background on tone perception, given 

that the native speakers of tone languages were better at discriminating tones from their own 

language than the other two groups of subjects. Additionally, the findings of this study suggest 

an influence of the lexical status of tones on perception by listeners who speak the language, but 

not by listeners who do not speak the language.  

Francis et al. (2003) reports on five experiments investigating the nature of categorical 

perception in Cantonese. Each experiment included an identification task and a discrimination 

task. Experiment 1 repeated Abramson’s (1979) experiment, although using Cantonese level 

tones instead of Thai tones. In this experiment, a 10-step continuum was synthesized using the 

syllable /ji/ from a high level tone to a low level tone. In this experiment, only single syllables 

were presented to participants. In the identification test, three answer buttons were available, 
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which corresponded to the three level tones in Cantonese: /ji55/ “doctor,” /ji33/ “spaghetti,” and 

/ji22/ “two.” The discrimination test was a same/different 1-step (1IAX) discrimination task. 

Results showed identification crossovers at the 3-4 and 7-8 step pairs, corresponding to the 

boundaries between the low, medium, and high level tones in Cantonese. However, there were 

no obvious peaks in the discrimination function, suggesting that level tones cannot be perceived 

categorically. These results are similar to those found in Abramson (1979), who concluded that 

Thai level tones are not perceived categorically.  

Experiment 2 sought to replicate the results of Wang (1976), which had concluded that a 

rising to high-level tone continuum is perceived categorically. Participants were given an 

identification task as well as a discrimination task, as in Experiment 1, except that the stimuli 

came from a high-rising to high-level continuum. In the identification test, three answers were 

available, corresponding to the low rising, high rising, and high level tones in Cantonese: /ji23/ 

“ear,” /ji25/ “chair,” and /ji55/ “doctor.” The discrimination task was the same as in Experiment 

1, except that it was a 2-step discrimination paradigm instead of 1-step. Results from the 

identification test revealed that there was a crossover at step 6, although from steps 1 through 6 

listeners mostly identified the high-rising tone, and less so, the low-rising tone. Tones from steps 

6-10 were robustly identified as the high-level tone in Cantonese. There was a “gentle curve” 

observed in the discrimination function at the 5-7 step pair, which corresponded to the crossover 

found in the identification function at step 6. The results from this experiment were consistent 

with Wang (1976), which states that a rising-to-level tone continuum is perceived categorically. 

Given that the stimuli used in this particular experiment were designed to cross over both the 

low-rising and high-rising tone categories, the authors concluded that the discrimination peak 

was observed across an apparent category boundary (between a rising and a level tone), and that 
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discriminating between contour tones may be more difficult than discriminating level tones. 

However, the authors could not tell definitively whether the peak in identification “was the cause 

of the peak in discrimination or whether the listeners exhibited category-like effects at this 

location along the continuum because it is a region of naturally higher sensitivity” (1035). The 

next experiment in this study, then, used a low falling through low rising continuum to high 

rising in order to investigate the presence of a category boundary in a pitch space that is not in a 

region of natural sensitivity.  

Experiment 3 made use of a continuum ranging from low falling through low rising to 

high rising as stimuli, in order to observe CP effects in a different pitch range than the previous 

experiments that does not constitute “a region of natural sensitivity,” a suggestion originally 

made in Gandour (1978) with respect to Wang’s (1976) data. Specifically, they define a “region 

of natural sensitivity” to be the point on the stimuli continuum where the rising pitch contours 

level off, but note that “it would be helpful to find a linguistic category boundary that does not 

lie in an obvious region of natural sensitivity” (Francis et al., 2003:1035). However, the authors 

have assumed the existence of these areas. Subsequent authors have also claimed the existence of 

these areas, despite the fact that there is no empirical evidence for these areas within these 

studies. The identification task in this experiment was identical to that in the previous 

experiments, except that the stimuli presented resembled a low-falling to low-rising to high-

rising continuum. Three answers were available to the participants: /ji21/ “child,” /ji23/ “ear,” 

and /ji25/ “chair.” The discrimination task employed a 1-step 2IAX stimulus presentation 

paradigm, as in Experiment 1.   

The identification function obtained in this experiment indicated that listeners made 

distinct category boundaries between tokens 3 and 4 (low falling to low rising) and tokens 6 and 
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7 (low rising to high rising). The discrimination function shows a peak between tokens 3 and 4, 

but not between tokens 6 and 8 as predicted by the identification function. Post hoc analyses 

showed a generally linear trend falling from left to right (low to high frequency) in the 

discrimination function, indicating that listeners were more sensitive to low-frequency 

differences on the continuum, as compared with the higher end. The authors argue that this 

suggests that listeners were simply able to detect the change in the direction of the contours, and 

that a contrast between tone contours that share the same direction of change is not perceived 

categorically.  

Experiment 4 differs from the previous experiments in this study in that it investigates 

listeners’ ability to locate category boundaries, as facilitated by external information about the 

talker’s pitch range. This experiment uses the same stimuli found in Experiment 1, although 

presented in a sentence context. The new carrier sentences phrases were recorded and 

subsequently scaled linearly until the mean f0 of both the discrimination and identification 

phrases matched, so as not to provide nonuniform environments for the stimuli. The 

experimental procedures were identical to those found in Experiment 1. The authors expected 

that the addition of speaker range information would facilitate the CP effect for level tones, 

exhibiting shaper identification crossovers and higher discrimination peaks as a result. However, 

results did not indicate that the information on the speaker’s range facilitated the CP of level 

tones, as there were no peaks in the discrimination function at the places where the identification 

function suggested there were category boundaries. In fact, post hoc analyses suggested that 

presenting the stimuli in context actually may have caused a slight decrease in the discrimination 

accuracy at higher frequencies along the continuum. The results from this experiment did not 
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offer any evidence suggesting that speaker context helped the discrimination of stimulus 

differences across category boundaries.   

Experiment 5 examined how the presence of context affects cross-boundary sensitivity of 

contours by comparing in-context and out-of-context identification functions. The tone stimuli 

used in this experiment were identical to those used in experiments 2 and 3, using the same 

context sentence used in experiment 4. With the use of an equation proven to predict 

discrimination performance based on identification performance data, a discrimination function 

was predicted for the in-context and out-of-context conditions based on the identification data 

from experiments 2 and 3. For the rising to level continuum, the discrimination predicted from 

the in-context condition was significantly greater than the discrimination predicted from the out-

of-context condition.  For the low-falling to high-rising continuum, no significant difference 

between the in-context- and out-of-context-predicted discrimination functions was observed. The 

authors determined that extrinsic context may merely increase sensitivity to a boundary that is 

already identifiable due to intrinsic information, “and/or as a consequence of the presence along 

the continuum of a region of naturally heightened auditory sensitivity” (1042).  

 The results of these five experiments led Francis et al. (2003) to conclude by articulating 

the complex nature of the CP of tones, noting that there are many factors which contribute to this 

phenomenon, including the presence of category boundaries at a region of natural auditory 

sensitivity, the learned association between pitch patterns and linguistic categories, and both 

intrinsic and extrinsic acoustic information of the talker (1043).   

Hallé et al. (2004) compared the [categorical] perception of tones between French and 

Taiwanese Mandarin speakers. Three synthesized continua containing 8 steps each were used as 
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stimuli in this experiment: from tone 1 (high tone) to tone 2 (rising tone), from tone 2 (rising 

tone) to tone 4 (falling tone), and from tone 3 (falling-rising tone) to tone 4 (falling tone). The 

tone contours were extracted from a recording of the syllables /pa/, /pi/, and /kwo/, which were 

recorded from carrier phrases. Each continuum was obtained by interpolating, at each time point, 

both f0 and intensity between the two endpoints. This resulted in nine separate continua. Each 

stimulus was presented in a carrier phrase as a sentence. 

In experiment 1, Taiwanese listeners were given identification and discrimination tasks. 

For the identification task, participants were asked to label the tone as one of the two endpoints 

for each continuum from which the stimulus was taken. For the discrimination task, a 2AFCAXB 

paradigm was employed, and participants indicated whether the second sentence they heard 

more-closely resembled either the first or third sentence they heard, marking their answer on a 

sheet of paper. Results indicated that tones were perceived categorically in the identification 

function, although the slopes differed significantly for stimulus type: the functions obtained from 

the /pa/ syllable were steeper than for /pi/ or /kwo/. Additionally, the intercepts differed 

significantly with the tone continuum: the boundary was smallest for the t1-t2 continuum, and 

the largest for the t3-t4 continuum. The discrimination data reveals that there were no sharp 

peaks, although there were significant category boundaries nonetheless: for the t1-t2 continuum, 

this was at one stimulus pair (3-4), although for the other two continua, a “fuzzy maximum” was 

observed. For the t2-t4 continuum, the fuzzy maximum was seen at the 3-5 and 4-6 pairs, and on 

the t3-t4 continuum, the fuzzy maximum was also seen at pairs 3-5 and 4-6. The authors 

concluded that tone perception by Chinese listeners is categorical, although not as categorical as 

stop consonants are perceived. Instead, they suggest that there is a gradient of categoricity for 
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different speech segments, and that tones are categorized much like vowels, since only a shallow 

(albeit significant) peak was seen in the discrimination curve.  

In experiment 2, Mandarin and French listeners were given an identification test on single 

syllables, and in experiment 3 French listeners completed an AXB discrimination task using the 

same stimuli as in the previous experiment. Results from Experiment 2 indicated that the 

intercepts from French participants tended to fall around the exact center of the continuum, along 

step 4.5, whereas the Taiwanese intercepts fell left of the center, with the exception of the t2-t4 

continuum. Additionally, the intercepts for the Taiwanese group differed overall, while this was 

not the case for the French group. The slopes at the crossover points were significantly steeper 

for Taiwanese than for French listeners for all the continua. While RT data showed that both 

groups took longer to respond towards the middle of the continuum, the Taiwanese group 

exhibited more prominent peaks. French listeners performed successfully at distinguishing tones 

and their category boundaries corresponded to the physical centers of the three continua, 

although their accuracy in this region was about half that of the Taiwanese group. Also, the RT 

peak was not as prominent as the Taiwanese listeners’. From this information, the authors 

suggest that the performance by French listeners is more motivated by psychophysical factors 

than by linguistic categorization, although they do not list any of these psychophysical factors. In 

contrast, Taiwanese listeners seem to be categorizing the sounds categorically, evidenced by the 

higher accuracy at the category boundary and a more prominent peak in the RT data.  

The data obtained from the French discrimination task in experiment 3 were compared to 

the Taiwanese discrimination data obtained in experiment 1. The French group did not 

discriminate between pairs mid-continuum in the area of the category boundary, although the 

authors note that the French participants showed higher accuracy on the discrimination function 
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for the tone 3- tone 4 continuum in regions where the pitch slope of the stimuli is steepest, 

suggesting that they “likely reflect a psychophysical rather than a linguistic bias” (413). The 

authors also suggested that since the French discrimination function is fairly flat for the three 

continua, their performance “is mostly determined by psychophysical factors rather than being 

biased by linguistic factors at any level” (412). However, no further explanation is given listing 

these possible psycophysical factors responsible for the discrimination performance for the 

native French speakers.  

Compared to the Taiwanese discrimination data, the mean performance was significantly 

lower for the French group, and their performance did not significantly vary across continuum 

pairs. Again, this lead the authors to suggest that French listeners, “although showing a 

nonnegligible sensitivity to tone contour variations, do not process [tones] linguistically or 

categorize them contrastively” (414). According to the authors, this study illustrates another 

instance in which native language experience affects the perception of sounds from another 

language. The main evidence for this is that Mandarin speakers were sensitive to category 

boundaries, as can be seen in the high between-category discrimination accuracies and the steep 

slopes in the identification functions. Conversely, the performance of the French listeners is not 

biased by tone categories, but rather by psychophysical factors; the change in the tone contours is 

not completely undetectable by French listeners, although their performance on the identification 

and discrimination tasks do not suggest that they are perceiving the tone contours along a 

continuum of contrastive units.  

Xu et al. (2006) investigated whether categorical perception is specific to the speech 

modality or whether it may be considered a domain-general phenomenon. In this experiment, 

two language groups were used in order to evaluate the effect of language experience on tone 
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perception, comparing Mandarin speakers and English speakers. In order to test whether CP is 

speech-specific or domain-general, speech and nonspeech stimuli conditions were introduced to 

both groups during identification and discrimination tasks. The speech stimuli came from a 

recording of a male native speaker of Mandarin saying /yi55/ “clothing.” From this recording, a 

continuum of 7 pitch contours was resynthesized using the PSOLA resynthesis. The resulting 

continuum included 7 steps from a rising tone (/yi25/ “aunt”) to the original high level tone. To 

obtain the nonspeech stimuli, the same continuum from the speech condition was used, although 

certain harmonics were omitted. The resulting stimuli composed of six equal-amplitude 

harmonics (1, 3, 6, 7, 8, and 12) in order to render the stimulus tokens perceptually dissimilar to 

the speech stimuli. In the identification task, tokens from both continua were presented to the 

participants, and they were instructed to decide whether the word they heard resembled a “level” 

pitch or a “rising” pitch by pressing either the left or right mouse buttons.  In the discrimination 

task, participants were instructed to decide whether the two words presented to them were the 

same or different. The ‘different’ pairs consisted of stimuli separated by two steps on the 

speech/nonspeech continuum.  

Results from the identification task indicated that both groups exhibited crossover points 

around step number 4 (the middle of the continuum), although Mandarin listeners showed 

sharper category boundaries (higher slopes) for both speech and nonspeech stimuli. Additionally, 

the boundaries in the speech condition were slightly shifted towards the “rising” end as 

compared to the nonspeech condition. The results from the discrimination task indicated that 

Mandarin listeners showed better between-category discrimination than English listeners in both 

the speech and non-speech conditions, while English speakers showed better within-category 

discrimination of the stimuli in both conditions. The peak of the discrimination function for 
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Mandarin listeners was significantly higher for both the speech and nonspeech conditions, 

indicating that their performance was driven in part by their previous exposure to the tones in 

speech. No peak was observed in the discrimination function of English listeners in the speech 

condition. For both language groups, nonspeech stimulus yielded both a better between- and 

within-category discrimination sensitivity.  

The authors note that the finding of similar identification boundaries for both the speech 

and nonspeech stimuli, regardless of language experience, is inconsistent with Wang’s (1976) 

claim that there are separate linguistic and psychophysical boundaries on a synthetic continuum 

ranging from level to rising. From this, they claim that natural auditory sensitivity is the driving 

force behind CP. However, they also acknowledge that the effect of language background is also 

seen in the data; the fact that Mandarin listeners show as much CP for nonspeech stimuli as they 

do speech stimuli, the authors argue, suggests that Mandarin listeners were aided at least in part 

by their experience with Mandarin pitch patterns. Otherwise, English listeners’ performance in 

the nonspeech condition would be expected to be superior to their observed performance and 

more like the Mandarin listeners’, which was significantly more accurate in the nonspeech 

condition.  They predict that CP is affected by native language experience, but is not speech-

specific. More generally, they posit that “CP effects whenever listeners are asked to judge 

auditory features that are similar to linguistically relevant speech patterns in their native 

language,” regardless of whether they resemble natural speech or not (1069). 

Chang et al. (2008) conducted an experiment which aimed to “examine if mandarin 

Chinese tone continua will be categorized in a quasi-categorical way by non-native speakers of 

tone languages… by speakers of pitch accent languages… and by speakers of stress 

language”(1). This study recruited participants from six language backgrounds to satisfy the 
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language conditions: the native control condition (using native speakers of Taiwanese 

Mandarin),  speakers whose native language is not Taiwanese Mandarin but still a tone language 

(Cantonese, Thai, Vietnamese), pitch accent language (Japanese), and stress language (American 

English). Three synthesized continua containing 8 steps each were used as stimuli in this 

experiment: from tone 1 (high tone) to tone 2 (rising tone), from tone 2 (rising tone) to tone 4 

(falling tone), from tone 3 (falling-rising tone) to tone 4 (falling tone). The tone contours were 

extracted from a recording of the syllables /pa/ and /pi/, which were recorded from carrier 

phrases.  

Participants completed an AXB identification test and a 2-step AXB discrimination test 

for each tone continuum. In the identification test, the stimuli A and B corresponded to the two 

end tones in each continuum.  Each participant was instructed to press one of two buttons 

whether they thought the second stimulus (“X”) sounded more like A or B. Response times were 

recorded from the onset of the third stimulus. The 2-step AXB discrimination test was very 

similar to the identification test, although each stimuli pair (A and B) were at 2-step intervals, 

and X was identical to either A or B. The instructions in the discrimination test were identical to 

those in the identification test.  Response times were recorded from the onset of the third 

stimulus in this test as well. 

Results indicated that the identification slopes at crossover points were steeper for tone 

language participants than non-tonal language participants. Even more, the slopes were steeper 

for the native listeners than non-native listeners (Mandarin > Thai > Vietnamese > Cantonese > 

Japanese > English). Interestingly enough, the discrimination performances were higher for the 

English and Japanese listeners than for the Cantonese, Vietnamese, and Thai listeners, although 

the Mandarin and Cantonese groups consistently exhibited a fuzzy maximum in each of the tone 
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continua, suggesting that these groups at least were perceiving the tone continua quasi-

categorically. In Hallé et al. (2004), the authors qualify the term “quasi-categorical” to suggest 

that “there is a gradient of categoricity in the perception of the various types of linguistic speech 

elements, as was long ago suggested by Liberman et al. (1957)” (415). In the RT data, response 

times were longer in the intermediate regions of the continua, and the response times were longer 

for non-tonal participants than for tone language participants. The authors suggest that longer 

reaction times can be attributed to a lack of confidence, although no further explanation is given. 

Overall, native listeners (Mandarin group) outperformed all the other groups in both tasks, 

evidenced by their superior accuracies obtained from the identification and discrimination tasks. 

The authors note that listeners of tone languages (Cantonese, Vietnamese, and Thai) also 

perceive the continua categorically if there is a tone present which corresponds to the listener’s 

native tonal inventory. The other groups do not perceive the continua categorically, and it is 

suggested that these groups perceive them in a “psychophysical way”, meaning that “their 

performance is mostly determined by psychophysical factors rather than being biased by 

linguistic factors” (1).   

This section has reviewed relevant studies investigating the categorical perception of 

lexical tone that varied in the tonal continua used, the tasks included in the experiments, the 

language groups included, and the way in which word/nonce stimuli were manipulated. The 

following paragraphs provide a recapitulation of the use of these different factors in the 

aforementioned literature.   

The first way in which the studies reviewed above vary is in the stimuli used in each 

experiment. Using a continuum ranging from a rising tone to a level tone, Wang (1976) found 

that Mandarin speakers perceive this continuum categorically. Abramson (1979), concluding that 
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native Thai speakers do not perceive a continuum of level tones categorically. Acknowledging 

the discrepancy between his results and those reported in Wang (1976), he notes that differences 

in results remain to be explained. He gives some possible explanations of this, including the fact 

that Abramson tests native Thai speakers while Wang tested native Mandarin speakers, saying 

that the differences between the two languages might be relevant. He also notes that another 

difference might be due to the difference in stimuli; while Abramson used all level tones, Wang 

used a continuum ranging from a level tone to a rising tone. Francis et al., (2003) conducted a 

series of five categorical perception experiments using different tone continua as stimuli and 

native Cantonese speakers as participants. A high level tone to a low level tone continuum was 

not perceived categorically, while a rising to high-level continuum was perceived categorically. 

A continuum ranging from a low-falling through a low-rising to a high-rising tone was used as 

stimuli, and the authors suggested that this continuum was not perceived categorically. A high 

level tone to a low level tone continuum appearing within a carrier phrase was used in another 

experiment, although the inclusion of the carrier phrase did not offer any evidence suggesting 

that speaker context helped the discrimination of stimulus differences across category 

boundaries. A last experiment was conducted, using the same carrier phrase and both a rising to 

high-level continuum and continuum ranging from low falling through low rising to high rising 

as stimuli. The authors determined that extrinsic context may merely increase sensitivity to a 

boundary that is already identifiable due to intrinsic information. Hallé et al., (2004) used three 

continua: from a high tone to a rising tone, a rising tone to a falling tone, and a falling-rising tone 

to a falling tone. Results indicated that Mandarin speakers perceive all three of these continua 

categorically while French speakers do not. Xu et al., (2006) employed a continuum ranging 

from a rising tone to a high level tone and concluded that Mandarin speakers perceive this 
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continuum categorically. Chang et al. (2008) employed three continua as stimuli in their 

experiment: from tone 1 (high tone) to tone 2 (rising tone), from tone 2 (rising tone) to tone 4 

(falling tone), from tone 3 (falling-rising tone) to tone 4 (falling tone). The authors note that 

listeners of tone languages perceive the continua categorically if there is a tone present which 

corresponds to the listener’s native tonal inventory.  

A second way in which the studies varied was in the tasks that were included in each 

experiment. Some studies employed both identification and discrimination tasks to assess the 

existence of category boundaries along tonal continua (Wang 1976; Abramson, 1979; Francis et 

al., 2003 ; Hallé et al., 2004 ; Xu et al., 2006 ; Chang et al., 2008), while one study only included 

discrimination tasks (Lee et al., 1996).  

A third way in which the studies varied was the inclusion of language backgrounds as 

participant groups. Many of the studies include participant groups whose native language is a 

tone language, including Cantonese (Lee et al., 1996; Francis et al., 2003 ; Chang et al., 2008), 

Mandarin (Wang, 1976; Lee et al., 1996 ; Hallé et al., 2004 ; Xu et al., 2006 ; Chang et al., 

2008), Thai (Gandour & Harshman, 1978; Abramson, 1979; Chang et al., 2008), Yoruba 

(Gandour & Harshman, 1978),  and Vietnamese (Chang et al., 2008). Participant groups whose 

native language is a non-tone language were also used in the literature, with languages such as 

English (Wang, 1976; Xu et al., 2006; Chang et al., 2008), French (Hallé et al., 2004), and 

Japanese (Chang et al., 2008).  

The last notable way in which the studies reviewed above varied from each other was the 

ways in which the word/nonword condition stimuli were manipulated. Lee et al. (1996) 

manipulated the stimuli tones such that the stimuli in the word condition corresponded to tones 
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found in the participants’ native language, while the stimuli in the word condition employed 

tones which were not found in the participants’ native language. The speech/nonspeech 

conditions found in Xu et al. (2006) differed in the spectral quality of the stimuli; stimuli in the 

speech condition were the original recordings, while the stimuli in the nonspeech condition had 

certain harmonics removed. The resulting stimuli composed of six equal-amplitude harmonics 

(1, 3, 6, 7, 8, and 12) in order to render the stimulus tokens perceptually dissimilar to the speech 

stimuli.  

Many of these studies were crosslinguistic in nature, comparing performance on 

experimental tasks between groups of speakers whose native language was tonal and groups 

whose native language is non-tonal. The performance of non-native speakers of tone languages is 

often attributed to the fact that they simply attended to psychophysical factors, rather than 

linguistic categorization (Wang, 1976; Hallé et al., 2004; Chang et al., 2008) or that the category 

boundaries exhibited by these speakers may be explained by the fact that these boundaries occur 

in regions of natural auditory sensitivity (Francis et al., 2003). It should be noted that these 

explanations, while possible, are not investigated at any point in any of these studies. Rather, the 

authors posit that the results of the discrimination and identification tasks point towards the 

psychophysical perception of the stimuli, although convincing arguments in support of this claim 

are generally lacking. In fact, many later studies cite Wang (1976) when stating that their 

participants exhibit psychophysical boundaries, and subsequent studies that cite this work 

without systematically investigating this assumed phenomenon. 

This thesis investigates whether native experience with lexical pitch affects the perception of 

pitch contours. The current study differs from previous studies in that it uses a continuum 

between a rising contour tone (Mandarin tone 2) and a falling-rising complex contour tone 
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(Mandarin tone 3). Additionally, the introduction of a word/nonce condition in this experiment is 

novel for CP studies on tone; while previous experiments have manipulated source (Peng et al., 

2010), spectral (Xu et al., 2006) features in a nonword condition while keeping the pitch 

information constant, the present study manipulates the phonotactic well-formedness of the word 

conditions. To my knowledge, no crosslinguistic CP experiment on tone has incorporated a 

word/nonce condition of this nature.  The aim of this experiment is to investigate whether native 

experience with a tone language affects the perception of pitch contours. I hypothesized that 

Mandarin speakers would make a categorical distinction on a continuum from a rising tone to a 

falling-rising tone, while English speakers would not.  
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2.0 Methodology 

2.1 Participants 

Thirty-six undergraduate and graduate students at Rice University were recruited for this 

study. These included seventeen native Mandarin speakers (seven male, ten female, mean age = 

25.6 yr, SD = 6.4) and nineteen native English speakers (nine male, ten female, mean age =22. 2 

yr, SD = 3.5). From the English group, individuals reported being bilingual in Telegu, Korean, 

and Haitian Creole. In addition, none of the native English speakers speaks a tone language. All 

participants in the Mandarin group reported being bilingual in English. Participants received 

either extra credit or monetary compensation for participating in the study.  

2.2 Design 

This experiment is a 2 x 2 x 12 mixed design. The between-subjects factor is the native 

language background of the subject having two levels (Mandarin and English), and the within-

subjects factors are the word conditions (word vs. nonce) and the stimulus pairs (1-12). I 

hypothesized that Mandarin speakers would perceive a continuum between a rising and a falling-

rising tone categorically, and that English speakers would make no categorical distinction.  

2.3 Stimuli 

 Four continua described below were constructed for the experiment. Two sets of stimuli 

were constructed: real words and nonce words. Within each set, two tone continua were made, 

ranging from a rising tone (corresponding to Mandarin tone 2) to a falling-rising tone 

(corresponding to Mandarin tone 3). The words used in the word condition are [ma] and [ti], 

while the words in the nonce condition are [zbap] and [vengt]. Crucially, the words satisfying the 

word condition were chosen because they are plausible words in both Mandarin and English. In 
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Mandarin, these syllables are meaningful in combination with both the 2nd and 3rd Mandarin 

tones: In Mandarin, [ma25] means “hemp,” and [ma215] means “horse.” In English, [ma] might 

be heard as “ma,” an endearing name for one’s mother. In Mandarin, [ti25] means, “to carry,” 

and [ti215] means, “body,” while this syllable can mean, “a common beverage prepared with 

boiling water and aromatic plant leaves” in English. The words satisfying the nonce condition 

include [zbap] and [vengt]. These syllables were chosen because they are not phonotactically 

legal in either Mandarin or English, and as such are not candidates for words in either language.  

The words used in the experiment were recorded by a female, trained phonetician (and 

singer) who is a native speaker of English. Care was taken to record the tokens with near-

consistent durations and pitches as much as possible. These tokens were produced at 150 Hz so 

as not to produce any artifacts after the pitch resynthesis, since resynthesizing the pitch of any 

token below half of the fundamental frequency of the original recording produces an effect that 

resembles laryngealization, and we wanted to avoid this since laryngealization is a perceptual 

cue in Mandarin (Belotel-Grenie et al., 1997). The stimuli tokens were recorded in Audacity 

using a Dynamic SM57 microphone, passed through a Focusrite Safire 6 USB Preamp, on one 

channel at a sampling rate of 441000 Hz. A minimal amount of white noise was subsequently 

removed from the signal in Audacity before pitch manipulation.  

2.3.1 Manipulation of Stimuli 

The stimuli were prepared using the PSOLA (pitch-synchronous overlap and add, 

Moulines & Laroche, 1995) function of the Praat software (Boersma & Weenink, 2009). The 

stimuli represent a continuum from a rising contour tone to a falling-rising complex contour 

tone. In order to generate the stimuli, first the tokens were recorded in the manner mentioned 
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above. Next, a script was prepared in Praat in order to generate the stimuli. After removing the 

original pitch traces, a pitch contour was synthesized for each token along the continuum by 

means of pitch points, points placed at the beginning, midpoint, and endpoint of the vowel which 

indicate the token’s assigned frequency. The appropriate Hz value at each of the three pitch 

points was determined by the step number of the token along the rising to falling-rising 

continuum. On the rising end of the continuum, the Hz values for the beginning, mid, and ending 

pitch points were 202-224.06-240 Hz .On the other end of the continuum was the falling-rising 

tone, whose pitch points were 265-175-265 Hz. These hertz values were used because they had 

been identified as tones in previous perceptual studies (Brunelle, 2009). For constructing the tone 

continuum, the two tones (rising tone and falling-rising tone) were taken as endpoints, and for 

each pitch point in the intermediary steps, the distance between them was divided into fifteen 

equal steps. The resulting intermediate hertz values provided a 16-token continuum from a rising 

tone to a falling-rising tone in equal steps. The exact frequency values are given below in Table 

1; each of these values was used as the fundamental frequency of a single stimulus token syllable 

along the continuum.  

For each recorded word, a continuum of 16 steps was synthesized with the specifications 

mentioned above. The stimuli were presented in pairs differing in 4 steps (e.g., 1-5, 2-6, etc.) 

after it was determined during the piloting phase that subjects’ accuracy was extremely low when 

attempting to discriminate among the contour tones at 1-, 2-, and 3-step intervals. With 16 points 

on the continuum and a 4-step presentation paradigm, this resulted in 12 stimulus pairs. Figure 2 

shows some steps along the continuum. Notice how Step 1 is a rising tone and each successive 

step slowly moves toward a falling-rising tone. It should also be noted that this figure does not 

represent the continuum in its entirety, since it only includes every third step for the purpose of 
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showing how the pitch contours vary across the continuum. Below that figure, Table 1 is given, 

indicating the Hz value of each step at the beginning, midway, and end pitch point of each 

stimulus token.  

 

 

Figure 2 – The stimuli continuum for the present experiment between a rising contour tone and a 

falling-rising contour tone  
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Hz Values for Stimuli 
  Start 

 
Mid 

 
End 

 Step Number 
1 202.00 224.06 240.00 
2 206.20 220.79 241.67 
3 210.40 217.52 243.33 
4 214.60 214.25 245.00 
5 218.80 210.98 246.67 
6 223.00 207.71 248.33 
7 227.20 204.44 250.00 
8 231.40 201.17 251.67 
9 235.60 197.90 253.33 
10 239.80 194.62 255.00 
11 244.00 191.35 256.67 
12 248.20 188.08 258.33 
13 252.40 184.81 260.00 
14 256.60 181.54 261.67 
15 260.80 178.27 263.33 
16 265.00 175.00 265.00 

Table 2- Hz Values for the Stimuli Continuum  

2.4 Procedure 

The experiment was presented using the E-Prime stimulus presentation software. Participants 

sat in front of a computer in the Phonetics Lab at Rice University. Stimuli were played through 

Sennheiser 280 Pro headphones, and instructions were presented on the screen. The instructions 

indicated that they would hear three words, and that their task was to decide whether the second 

word is more like the first or the third word. They responded by pressing buttons on a response 

box (Cedrus RB-730). Stimuli were presented in an AXB format, where X was either the same as 

the first (A) or third (B) word.  After practicing on 10 trials, participants completed two blocks 

and were allowed time to pause in between blocks. Each block comprised 96 trials (4 words x 12 

steps x 2 possible combinations [AAB or ABB]).  Participants heard the three words in each trial 
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with an ISI of 1000 ms (following Chang et al., 2008) between each word. After the third word, 

the screen turned grey with a fixation point to indicate that participants could enter their response 

by pressing buttons on either side of the response box. Once the response was recorded, the 

fixation point disappeared, there was an ITI of 2000 ms before the screen became blank again, 

and the next trial began. The order of stimulus presentation within blocks was random. Collected 

responses were automatically scored in E-Prime according to their accuracy; a “1” was collected 

for each accurate response (i.e., when the participant correctly identifies “X” as either identical 

to “A” or to “B”), and a “0” was recorded for each inaccurate response. The response time 

latency for each response was also recorded automatically in E-Prime after the offset of the third 

stimulus token. Participants did not receive feedback on their responses in either the practice or 

the experimental sessions.  Each session lasted between 20 and 25 minutes.   

 

3.0 Results 

All data were analyzed using R (R Development Core Team, 2011) and the R packages lme4 

(Bates & Maechler, 2009) and languageR (Baayen, 2008).  I analyzed the accuracy data from the 

discrimination task using logistic mixed effect models. The dependent variable was accuracy, 

obtained from the discrimination task.  For fixed effects, I included Language Background, Word 

Condition, and Step Number, and random effects in the model were Subject, Word, and Trial 

Number.  

A mixed logistic regression model was fit to the accuracy data, indicating that step number 

(stimulus pair) was a significant factor [β = 0.05, z = 3.22, p < 0.01], meaning that participants 
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performed significantly different for some stimulus pairs along the continuum than for other 

pairs. There were no observed effects of language background or word condition. 

There was an observed interaction effect between Condition x Step Number [β = -0.05,  

z = -2.19, p < 0.05]. The effect of step number is significantly different in these two conditions. 

The model suggests that significance in the Step Number variable is coming from the nonce 

condition, although there is no evidence that the groups are performing differently in the word 

condition. There was no interaction of Language Background x Condition, Language or 

Language Background x Step Number.  Figure 3 below shows the mean accuracies for each 

group.

Figure 3- Mean Accuracies by Language Background- Accuracies for the Mandarin group were 65.2% in the word condition and 63% in the 

nonce condition. For the English group, accuracies rates were 61.1% in the word condition and 63.9% in the nonce condition. 
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In order to conduct analyses on the response time data, only accurate discrimination 

responses were taken into account. Additionally, only latencies less than 7000 milliseconds were 

used in the analysis, in order to control for the spurious accuracy of response latencies exceeding 

7 seconds, which may indicate a lack of attention to the task on the part of the participant. 

Additionally, only latencies above 200 milliseconds were used in the analysis, since any 

response faster than 200 ms likely reflects the lack of an earnest effort to complete the task. The 

response latencies were log transformed before a linear mixed effect model was fit to the data. 

The dependent variable was Response Time. For fixed effects, I included Language Background, 

Word Condition, and Step Number, and random effects in the model were Subject, Word, and 

Trial Number.  

 Results indicated that there was no significant effect for language background, step 

number, or condition. There were not any significant interactions between any of the variables. 

Figure 4 below shows the mean response latencies in the word and nonce conditions, grouped by 

language background.  
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Figure 4- Mean RTs by Language Background- The response latencies were collected from accurate 
responses. For the English group, the mean RTs were 798 ms in the word condition and 893 ms in the 

nonce condition. For the Mandarin group, the mean RTs were 979 ms in the word condition and  
1000 ms in the nonce condition. 
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Figure 5- Discrimination function for the word condition 

 

Figure 5 above shows the discrimination function for the word condition for both English and 

Mandarin speakers. Mean accuracies for each group is given at each stimuli pair. Examining the 

discrimination function shows that Mandarin speakers make one category boundary at steps 6 

and 7, and another category boundary at steps 9 and 10. The discrimination function from the 

English in the word condition group indicates that there are multiple accuracy peaks, such as at 

pair numbers 2, 5/6, 9, and 12. It should be noted that the accuracies in the discrimination peaks 

for the Mandarin group are higher than those for the English group. Below are the discrimination 

functions for the words in the ‘word’ condition: “ma” and “ti.”  
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Figure 6 - Discrimination function for “ma” 

 

Figure 6 above shows the discrimination function for the word “ma”. There are a few 

features worth pointing out. Firstly, the Mandarin discrimination function shows a discrimination 

peak at steps 5 (76%), 6 (75%), and 7 (76%), and another at step 9 (72%). The English group 

exhibits discrimination peaks at steps 2 (64%), 5 (67%), 9 (66%), and 12 (67%).  
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Figure 7- Response times – “ma”  

Figure 7 above shows the response times for the “ma” stimuli for both language groups. 

The mandarin group exhibits higher response latency for the first two steps (1538 ms and 1543 

ms, respectively) and then falls to the lowest response time at step 4 (778 ms), rising to a peak at 

step 5 (1200 ms). One other observed peak is at step 11 (1014 ms). These RTs correspond 

somewhat with the discrimination function from the Mandarin group: the low accuracies at steps 

1 and 2 (57% and 50%) correspond to the high response latencies at the same points (1538 ms 

and 1543 ms, respectively). The RT peak at step 5 (1200 ms) corresponds with the 
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discrimination peak at that same point (76.3%). However, the other RT peak at step 11 (1014 

ms) does not coincide with any main feature of the discrimination function at that point. 

Additionally, the peaks in the discrimination function at steps 6 (75%) and 7 (76%) do not have 

any noticeably high or low response latencies at the same points.  

For the English group, a low point in the RT function can be seen at step 2 (825 ms), 

corresponding to a peak in the discrimination function (64%). Other peaks in the response time 

data are observed at steps 6/7/8 (1079 ms, 1013 ms, and 1084 ms, respectively). The RT peak at 

step 5 (1079 ms) corresponds to the peak in the discrimination function (67%) at the same point, 

and a dip in the RT function at step 12 (827 ms) corresponds to the peak in the discrimination 

function at this point (67%). The rest of the RT peak at steps 6 and 7 (1013 ms and 1084 ms) do 

not correspond to any major feature of the discrimination function for the English group; at these 

points, the discrimination function exhibits a downward slope following step 5.  
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Figure 8 - Discrimination function for the “ti” continuum 

Figure 8 above shows the discrimination function for the word “ti”. There are a few features 

worth pointing out. Firstly, the Mandarin discrimination function to show peaks at steps 4 (69%), 

6 (67%), and 10 (71%). The native English group showed peaks at steps 3 (68%), 6 (66%), and 9 

(64%). Neither group performed significantly better than the other at any point on the “ti” 

continuum.  
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Figure 9- Response Times for “ti” 

For the Mandarin group, low accuracies at steps 1 and 2 (61% and 58%, respectively) 

correspond with high response latencies at the same points (1256 ms and 1235 ms, respectively). 

A sharp dip in the reaction time data at step 6 (567 ms) corresponds to the peak in accuracy at the 

same point (66.7%). A peak at step 3 in the response time data (1202 ms) does not correspond to 

any major feature of the discrimination function, as with the RT peaks at step 9 (923 ms) and 

step 12 (949 ms). Other peaks in the discrimination occur at steps 4 (69%), 6 (67%), and 10 

(71%). For the native English speakers, a peak in the discrimination function at step 9 (64%) 
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corresponds to a peak in the response time data at the same point (993 ms). Peaks at step 2 (982 

ms) and 5 (879 ms) in the response time data do not correspond to any major features on the 

discrimination function at these same points. The features worth noting from the discrimination 

function include a dip step 1 (51%) and peaks at steps 3 (68%), 6 (66%), 9 (64%), and step 11 

(63%).  

 

 

Figure 10- Discrimination function for the nonce condition  

Figure 10 above shows the discrimination functions in the nonce condition for both 

English and Mandarin speakers. Examining the discrimination function for both speaker groups 
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reveals that for the Mandarin group, there are peaks at steps 5, and at steps 7/8/9. For the English 

group, there are peaks at steps 6, 9, and 11. For both groups, there are lower accuracies towards 

the first step corresponds to a rising tone, and the accuracies increase for both groups until step 5, 

at which higher accuracies are maintained throughout the remainder of the falling-rising stimuli.  

 

Figure 11 – Discrimination function for “vengt” 
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Figure 12- RTs for “vengt” 

The discrimination functions for both groups are quite similar, with low accuracies at step 

1, rising to higher accuracies around step 5. However, the RTs for each group are quite different. 

For the Mandarin group, a peak on the discrimination function at step 10 (74%) corresponds to a 

dip in the RT function at the same point (777 ms). Apart from this, there are no other obvious 

features in the discrimination function that correspond to features in the reaction time data. The 

discrimination function shows other peaks at step 5 (75%), steps 7 and 8 (both at 74%). Other 

than the RT features mentioned above, RTs by the Mandarin group are characterized by sporadic 
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jumps over the first five steps and a dip at step 6 (860 ms).  For the English group, there is a peak 

at step 5 (70%), corresponding to a peak in the RT function at the same place (967 ms).  There 

are no other features in the English discrimination function for the “vengt” continuum that 

correspond to features in the RT data. In the discrimination function, there are peaks at step 8 

(74%), and step 10 (68%). The reaction time data indicate that there is a peak at steps 2 and 3 

(917 ms and 912 ms), and another one at step 9 (865 ms).  

Figure 13 – Discrimination function for “zbap”  
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Figure 14- RTs for “zbap” 

 In the zbap discrimination function, there are no points along the continuum at which 

there is a significant difference in accuracy between the two groups. For the Mandarin group, 

there is a peak in the discrimination function at step 12 (71%) which corresponds to a peak in the 

RT data at the same point (1014 ms).  Apart from this, there are no other features in the 

discrimination function that correspond with features in the RT data. The discrimination function 

exhibits low accuracy at step 1 (44%), rising to a peak at step 4 (68%). Other peaks are seen at 

step 6 (67%) and step 9 (69%). In the response latency data, there are peaks at step 1 (1316 ms), 
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Step 5 (1053 ms), and Step 9 (1024 ms).  For the English group, there are no corresponding 

features between the discrimination function and the response time. In the discrimination 

function, there are peaks at step 2 (71%), step 6 (71%), and at step 12 (72%). In the response 

time data, there is a dip at step 1 (662 ms) and peaks at steps 4 (948 ms), and 8 (1052 ms). 

 

3.1 Regarding the Location of Potential Category Boundaries  

 Following the presentation of the results above, an assessment of the locations of 

potential category boundaries along the continuum for each word and group is now appropriate. 

Previous studies have used the results of both identification tasks and discrimination tasks to 

identify category boundaries, and generally reporting that the discrimination peaks align with the 

identification boundaries (Liberman et al., 1957; Wang, 1976; Xu, Gandour, & Francis, 2006). In 

the present study, only discrimination data is available, since the experiment lacked an 

identification task. Other ways of determining the location of category boundaries have also been 

employed. Interpreting the performance of identification tasks, discrimination tasks, and 

response latencies together has been shown to be one way of identifying category boundaries in 

categorical perception studies. Previous studies looking at the CP of lexical tones using the 

combination of identification curves, discrimination functions, and reaction time data note that 

points along the stimuli continua in which there are sharp slopes in the identification function, 

higher accuracy in the discrimination, and quicker reaction times consistently allowed 

experimenters to identify category boundaries. In order to make sense of the data reported above, 

I will now employ the same technique of identifying category boundaries by noting the areas 

along the continua characterized by high accuracies in the discrimination function and quick 
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response times in the reaction time data. Under these criteria, category boundaries are observed 

at steps 2 and 12 on the” ma” continuum for the English group. Similarly, a category boundary is 

observed at step 6 on the “ti” continuum for the Mandarin group, and at step 10 on the vengt 

continuum for the Mandarin group. No other category boundaries were identified using this 

method. For the “ma” continuum, the discrimination function for the Mandarin group shows the 

most prominent category boundary out of all the discrimination functions in the study, exhibiting 

the Gaussian distribution characteristic, with a peak along steps 5, 6, and 7. Still, this does not 

constitute a category boundary unless the aforementioned criteria for identifying category 

boundaries are relaxed. Additionally, the statistical models presented above do not suggest the 

presence of any category boundary for the English group nor the Mandarin group. The category 

boundary results are discussed in the next section, along with other relevant observations of the 

data reported above.  
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4.0 Discussion 

My original hypothesis in this experiment was that native Mandarin speakers would 

exhibit a category boundary along a continuum from a rising tone to a falling-rising tone, while 

native English speakers would make no such distinction. Results indicate that there is a lack of 

any clear category boundaries in the current study that are seen elsewhere in the literature.  

The lack of any strong evidence that the rising to falling-rising tone continuum is 

perceived categorically in the present study may be accounted for by the fact that the difference 

between tone 2 and 3 is perceptually confusable by both native Mandarin speakers (Chuang et al. 

1972; Zue, 1976; Shen & Lin, 1991) and non-native Mandarin speakers alike (Kiriloff 1969; 

Wang et al. 1999; Shih et al. 2010).  The categorical perception paradigm presupposes that 

listeners can readily hear differences across category boundaries, evidenced by a sharp 

identification function, which is unavailable in the current study, and a peak in the discrimination 

function typically identified in CP studies. However, if two categories appearing at the endpoints 

on a stimuli continuum cannot be distinguished from one another due to perceptual ambiguity 

between them, it may follow that the discrimination and identification functions resulting from 

such a study might not suggest the existence of any category boundary along that continuum. An 

identification task should have been employed in the current study, and should be used if this 

study is repeated. Identifying category boundaries through discrimination functions and response 

times alone has proven difficult, and including the identification task would allow for a more 

definitive assessment of whether category boundaries exist along a continuum of stimuli from a 

rising tone to a falling-rising tone. Future studies should include both identification and 

discrimination tasks. In conjunction with online measurements such as reaction time data, 
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comparing the identification and discrimination functions serves as an invaluable tool when 

analyzing the placement of category boundaries.  

In the present study, the variable manipulated in the stimuli was pitch. Results suggest 

that fundamental frequency is not the primary cue in perceiving a continuum from a rising to a 

falling-rising tone categorically. As previously noted in section 1.3, pitch is not the only 

dimension on which the perception of tones is weighted. Other dimensions include pitch 

direction, pitch duration, extreme endpoint, pitch slope (Gandour & Harshman, 1978), as well as 

intensity profiles (Peng et al., 2010). Future studies might look into whether manipulating any of 

these perceptual dimensions yields different results than the present experiment.   

This study introduced a different method of manipulating the word/nonword factor in 

which the difference between conditions is characterized by either a phonotactically legal (i.e. a 

certain sound combination is admissible in a certain language) or illegal string of sounds. This 

manner of manipulating the word/nonce condition is novel in the tone perception literature. 

While the present experiment did not yield any significant effects using this novel method, one 

suggestion for future research would be to design an experiment with better manipulation of the 

stimuli on the levels of pitch, duration, and phonotacticity, instead of just manipulating the Hz 

values at three pitch points. In doing so, one might manipulate the slope of the pitch contours, 

and there might be a stronger effect of categorical perception. Additionally, it might be 

interesting to see how having varying levels of phonotacticity affect the perception of other 

perceptual dimensions such as pitch. 
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5.0 Conclusion  
 

 This thesis has described and discussed a crosslinguistic categorical perception 

experiment investigating whether native experience with a tone language affects the perception 

of pitch contours. This study compared the performance between native Mandarin speakers and 

native English speakers on a forced choice discrimination task, in which participants made 

perceptual similarity judgments of tokens occurring on a rising tone to falling-rising tone 

continuum. A word/nonce condition was also introduced as a variable, manipulated by including 

either a phonotactically legal or phonotactically illegal string of sounds in conjunction with the 

simulated tones. There was no evidence that native experience with lexical tone allowed listeners 

to perceive this particular tonal continuum more categorically than listeners without lexical tone 

experience. In fact, there is no evidence that Mandarin or English listeners perceived the 

continuum categorically at all. This may be accounted for by the fact that differences between 

Tone 2 and Tone 3 in Mandarin are perceptually ambiguous for both native and non-native 

listeners.   

 

 

 

  



3 
   

 
References 

Abramson, A. S. (1979). The noncategorical perception of tone categories in Thai. In:B. 

 Lindblom, & S. Ohman (Eds.), Frontiers of Speech Communication. Academic Press: 

 London. (pp. 127–134). 

Baayen, R. H. (2009). languageR: Data sets and functions with "Analyzing Linguistic Data: A 

 Practical introduction to statistics". R package version 0.955 

Baayen, R.H. (2008).  Analyzing Linguistic Data: A Practical Introduction to Statistics Using R. 

 Cambridge: Cambridge University Press.  

Bates, D.M. & Maechler, M. (2009). lme4: Linear mixed-effects models using S4 classes. R 

 package version 0.999375-32. 

Beddor, P. S. (2009). A coarticulatory path to sound change. Language, 85.4, 785-821. 

Belotel-Grenie, Agnés, and Michel Grenié. (1997). Types de phonation et tons en chinois 

 standard. Cahiers de linguistique-Asie orientale 26.2 249-279. 

Benguerel, A-P., and Tej K. Bhatia. (2009). Hindi stop consonants: an acoustic and fiberscopic 

 study. Phonetica 37.3 134-148. 

Brunelle, Marc. (2011). Perception in the field.  Proceedings of the 17th International 

 Conference of Phonetic Sciences. 

Brunelle, Marc. (2009). Tone perception in Northern and Southern Vietnamese. Journal of 

 Phonetics. 37.1 79-96. 

Chang, Y. C., et al. (2008).  Do non-native language listeners perceive Mandarin tone continua 

 categorically? 8th Phonetic Conference of China and the International Symposium on 

 Phonetic Frontiers, Beijing. 2008. 



4 
   

 
Chuang, C.-K., & Hiki, S. (1972). Acoustical Features and Perceptual Cues of the Four Tones of 

 Standard Colloquial Chinese. The Journal of the Acoustical Society of America, 52 (1A), 

 146.  

De Mareüil, P. B., Brahimi, B., & Gendrot, C. (2004). Role of segmental and 

 suprasegmental cues in the perception of Maghrebian-accented French. In 8th 

 International Conference on Spoken Language Processing (pp. 2885-2889). 

Delattre, P. C., Liberman, A. M., & Cooper, F. S. (1955). Acoustic loci and transitional cues 

 for consonants. Journal of the Acoustical Society of America, 27, 769-773. 

Francis, Alexander L., Valter, Ciocca, and Brenda Kei Chit Ng (2003). On the (non) categorical 

 perception of lexical tones. Perception & psychophysics 65.7 1029-1044. 

Gandour & Harshman (1978). Crosslanguage differences in tone perception: a 

 multidimensional scaling investigation, Lang Speech, 21, 1–33. 

Gandour, J. (1983). Tone perception in Far Eastern languages. Journal of Phonetics, 11, 149-

 175.  

Hallé, Pierre A., Yueh-Chin Chang, and Catherine T. Best. (2004). Identification and 

 discrimination of Mandarin Chinese tones by Mandarin Chinese vs. French listeners.

 Journal of Phonetics  32.3  395-421. 

Hartmann, William M. (1998). Signals, Sound, and Sensation. Woodbury, NY: AIP. 

Healy, A. F., & Repp, B. H. (1982). Context independence and phonetic meditation in 

 categorical perception. Journal of Experimental Psychology: Human Perception and 

 Performance, 8 (1),68-80. 



5 
   

 
Holt, Lori L., and Andrew J. Lotto. (2006). Cue weighting in auditory categorization: 

 Implications for first and second language acquisition. The Journal of the Acoustical 

 Society of America,119 3059. 

Kiriloff, C. (1969). On the Auditory Perception of Tones in Mandarin. Phonetica, 20(2-4),  

 63-67.  

Kunisaki, O., and H. Fujisaki. (1977). On the influence of context upon perception of voiceless 

 fricative consonants. Annual Bulletin, Research Institute ofLogopedics & Phoniatrics, 

 85-91. 

Lee, Yuh-Shiow, Douglas A. Vakoch, and Lee H. Wurm. (1996). Tone perception in 

 Cantonese and Mandarin: A cross-linguistic comparison. Journal of Psycholinguistic 

 Research 25.5: 527-542. 

Liberman, A. M., Cooper, F., Shankweiler, D., & Studdert-Kennedy, M. (1967). Perception of 

 the speech code. Psychological Review, 74, 431-461. 

Liberman, A. M., Harris, K. S., Hoffman, H. S., & Griffith, B. C. (1957). The discrimination of 

 speech sounds within and across phoneme boundaries. Journal of Experimental 

 Psychology, 54, 358–368 London: Academic Press. 

Lisker, L., & Abramson, A. S. (1970). The voicing dimension: Some experiments in comparative 

 phonetics. In Proceedings of the 6th international congress of phonetic sciences  

 (pp. 563-567). 

Liu, S., & Samuel, A. G. (2004). Perception of Mandarin lexical tones when F0 information is 

 neutralized. Language and Speech, 47, 109–13 



6 
   

 
Mandler, R. (1976). Categorical perception along an oral-nasal continuum. The Journal of the 

 Acoustical Society of America, 59(1), 24.  

Miyawaki, Kuniko, et al. (1975). An effect of linguistic experience: The discrimination of [r] 

 and [l] by native speakers of Japanese and English. Perception & Psychophysics 18.5 

 331-340. 

Paul Boersma & David Weenink (2013). Praat: doing phonetics by computer (Version 5.3.22) 

 [Computer program]. Retrieved from http://www.praat.org/  

Peng, G., Zheng, H. Y., Gong, T., Yang, R. X., Kong, J. P., & Wang, W. S. Y. (2010). The 

 influence of language experience on categorical perception of pitch contours. Journal of 

 Phonetics, 38(4), 616-624.  

Pisoni, D. B., & Lazarus, J. H. (1974). Categorical and noncategorical modes of speech 

 perception along the voicing continuum. The Journal of the Acoustical Society of 

 America, 55(2), 328. 

R Development Core Team (2011). R: A language and environment for  

   statistical computing. R Foundation for Statistical Computing, Vienna,  

   Austria. ISBN 3-900051-07-0, URL http://www.R-project.org/. 

Repp, B. H. (1984). Categorical perception: Issues, methods, findings. Speech and Language: 

 Advances in Basic Research and Practice, 10, 243-335 

Repp, Bruno H (1979). Relative amplitude of aspiration noise as a voicing cue for syllable-

 initial stop consonants. Language and Speech, 22.2 173-189. 

Shen, X. S., & Lin, M. (1991). A perceptual study of Mandarin tones 2 and 3. Language and 

 Speech, 34, 145-156.  

http://www.r-project.org/�


7 
   

 
Shih, C., Lu, H.-Y., Sun, L., Huang, J.-T., & Packard, J. (2010). An Adaptive Training Program for 

 Tone Acquisition. In Proceedings of Speech Prosody 2010 

Tong, Yunxia, Francis, Alexander L. and Gandour, Jackson T. (2007). Processing dependencies 

 between segmental and suprasegmental features in Mandarin Chinese, Language and 

 Cognitive Processes, 23:5, 689 —708. 

Vaissière, J. (2005). Perception of intonation. In D. B. Pisoni & R. E. Remez (Eds.), Handbook 

 of Speech Perception. Oxford: Blackwell.  

Wang, W, S.-Y. (1976). Language change. Annals of the New York Academy of Sciences, 208, 

 61-72. 

Wang, Y., Spence, M. M., Jongman, A., & Sereno, J. A. (1999). Training American listeners to 

 perceive Mandarin tones. Journal of the Acoustical Society of America, 106, 3649-3658.  

Xu, Robert Bo & Mok, Peggy. (2012) Cross-linguistic perception of intonation by Mandarin and 

 Cantonese listeners. In Proceedings of Speech Prosody 2012 (SP 2012), 99-102. 

 Shanghai. 

Xu, Yisheng, Jackson T. Gandour, and Alexander L. Francis (2006). Effects of language 

 experience and stimulus complexity on the categorical perception of pitch direction. The 

 Journal of the  Acoustical Society of America 120 1063. 

Yeung, H. Henny, Ke Heng Chen, and Janet F. Werker. (2013). When does native language 

 input  affect phonetic perception? The precocious case of lexical tone. Journal of 

 Memory and  Language  58, 123-139. 

Yip, Moira. (2002). Tone. Cambridge University Press.  



8 
   

 
Zhang, X. (2012). A comparison of cue-weighting in the perception of prosodic phrase 

 boundaries in English and Chinese. (Doctoral dissertation, The University of 

 Michigan). 

Zue, V. W. (1976). Some perceptual experiments on the Mandarin tones. Journal of Acoustical 

 Society of America, 60 (1), 45.  

 


	Pages from Johns papers.pdf
	Galindo Thesis 12-9-13

