
Lexical Tone Production by Cantonese Speakers with Parkinson’s Disease 

Joan Ka-Yin Ma
 

Laboratory of Acoustics and Speech Communication 

Dresden University of Technology, Germany 

Joan.Ma@ias.et.tu-dresden.de 

 

Abstract 

The aim of this study was to investigate lexical tone 
production in Cantonese speakers associated with Parkinson’s 

disease (PD speakers). The effect of intonation on the 

production of lexical tone was also examined.  Speech data 

was collected from five Cantonese PD speakers.  Speech 

materials consisted of targets contrasting in tones, embedded 

in different sentence contexts (initial, medial and final) and 

intonations (statements and questions).  Analysis of the 

normalized F0 patterns showed that PD speakers contrasted 

the six lexical tones in similar manner as compared with 

control speakers across positions and intonations, except at the 

final position of questions.  Significantly lower F0 values were 
found at the 75% and 100% time points of the final syllable of 

questions for the PD speakers than for the control speakers, 

indicating that intonation has a smaller influence on the F0 

patterns of lexical tones for PD speakers than control speakers.  

The results of this study supported the previous claim of 

differential control for intonation and tone.  
Index Terms: lexical tone, Parkinson’s disease, acoustic 

analysis, dysarthria 

1. Introduction 

Parkinson’s disease (PD) is a progressive neurological disease 

which involves the loss of nerve cells in the substania nigra 

and the reduction of dopamine content in the striatum.  Muscle 

rigidity, akinesia, bradykinesia and tremor are commonly 
reported clinical symptoms of PD (Hohen & Yahr, 1967).  It 

has been estimated that at least 89% of PD patients experience 

speech problems over the course of the disease (Logemann, 

Fisher, Boshes, & Blonsky, 1978).  Hypokinetic dysarthria is 

the most common type of speech disorder associated with PD 

(Darley, Aronson, & Brown, 1969), and the speech symptoms 
of PD speakers include monopitch, inappropriate pitch level, 

reduced stress, monoloundess, inappropriate silences, short 

rushes of speech, variable speech rate, harsh and breathy voice 

qualities and reduced intelligibility (Darley, Aronson, & 

Brown, 1969; Ramig, 1992). The speech characteristics of 

Cantonese speakers with dysarthria (Whitehill, Ma, & Lee, 

2003) are reportedly similar to those of English and Japanese 

speakers (Darley, Aronson, & Brown, 1969; Fukusako, 

Monoi, Tatsumi, Kumai, Hijikata, & Hirose, 1983).  However, 

as Cantonese is a lexical tone language, previous reports of 

reduced pitch range and monotonicty of the PD speakers 
raised questions about the ability of PD speakers to produce 

lexical tones accurately (Wong & Diehl, 1999; Whitehill, Ma, 

& Lee, 2003). 

In a lexical tone language, a contrast in tone is used to 

mark a difference in lexical meaning. Cantonese tones are 

characterized by tone level (high, mid, and low) and tone 
contour (rising, falling, and level) (Fok-Chan, 1974).  The six 

contrastive tones in Cantonese are high level (55), high rising 

(25), mid level (33), low falling (21), low rising (23) and low 

level (22). The F0 level of the tone is relative, not absolute. 

That is, the same tone could be produced at a higher F0 level 

by a female than a male.  However, the relative relationship 

between the six tones is maintained across speakers (Bauer & 

Benedict, 1997). 

Wong and Diehl (1999) investigated the production and 

perception of Cantonese tones produced by a PD speaker and a 

non-PD speaker.  They reported that the PD speaker had a 

more restricted tonal space, which was defined by the pitch 
range of all tones, when compared with the non-PD speaker.  

Additionally, the tones produced by the PD speaker were less 

accurately identified than those of the non-PD speaker.  

However, they provided little detail about their methodology.  

Additionally, their study used only two speakers (a PD speaker 

and a control speaker). As speech produced by speakers with 

dysarthria is known to be highly heterogeneous (Lowit-

Leuschel & Docherty, 2001), it is questionable whether the 

pattern reported in Wong and Diehl (1999) was representative 

of PD speakers.  Using perceptual analysis, Whitehill, Ma and 

Lee (2003) established a perceptual profile of the speech 
characteristics of Cantonese PD speakers.  The dimension of 

“tone distortion” was included specifically for the linguistic 

property of Cantonese.  They found that tone production was 

relatively unaffected in Cantonese PD speakers. This finding 

contradicted the reduced tone identification accuracy reported 

by Wong and Diehl (1999).  As a result, the first aim of this 
study was to investigate the tone production of Cantonese PD 

speakers, by comparing the F0 patterns with those of non-PD 

speakers.   

The F0 patterns of lexical tones could also be influenced 

by factors like sentence intonation.  Ma, Ciocca and Whitehill 

(2006) studied the effect of intonation on lexical tones in non-

impaired speakers by examining the F0 patterns of the six 

Cantonese tones in various sentence contexts (initial, medial 

and final) and intonations (questions and statements).  They 

found that the relative F0 patterns of the six tones were 

maintained across various sentence contexts and intonations, 
except at the final position of questions.  A rising F0 contour 

was found for all six tones regardless of their canonical form, 

as a result of the final rise in the intonation contour of 

questions. Although their findings revealed little tone 

distortion in the PD speakers, Whitehill, Ma and Lee (2003) 

found that the same group of speakers was rated to be 
monopitch. This suggested that the PD speakers have greater 

difficulty with F0 variation at sentence level (i.e., intonation) 

than at syllable level (i.e., tone).  As a result, it is possible that 

intonation does not have the same effect on lexical tone 

production in PD speakers, as compared with non-PD 

speakers.  Therefore, the second aim of this study was to 
examine the effect of intonation.  Specifically, the effect of the 

final-rise in F0 of questions on the production of lexical tones 

in Cantonese among PD speakers would be explored. 

2. Method 

2.1. Subjects 

Subjects included five native-Cantonese speakers with 

Parkinson’s disease.  They were the same speakers who took 
part in So (2008). The three male and two female speakers 

ranged in age from 60 to 73 (mean age: 65). All five speakers 

were unequivocally diagnosed by neurologists as having 
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idiopathic Parkinson’s disease.  All speakers were judged to 

demonstrate a moderate degree of hypokinetic dysarthria, 

based on a passage reading sample collected as part of a larger 

study, by two experienced speech-language pathologists. All 

speakers had normal oral-peripheral structures, acceptable 

hearing ability (≤40dB HL at 500, 1K, 2K & 4K Hz for the 

better ear), and normal language ability as screened by a test 

based on the Cantonese Aphasia Battery (Yiu, 1992).     

Five native Cantonese-speaking adults served as control 
speakers.  They were three males and two females with age 

ranging from 57 to 61 (mean age: 58.8) who had no history of 

speech, language or hearing impairments. 

2.2. Speech materials 

One set of six words, derived from the syllable /si/, that 

differed only in tone were embedded in different sentence 

contexts.  Three contexts were designed, with the target word 

in initial position (/X tsi22 hou25 lɐn21 sɛ25/ ‘X is difficult to 

write’), medial position (/sɛ25 kɔ33 X tsi22 sin55/ ‘Write the 

word X first’) or final position (/lei55 kɔ33 tsi22 hɐi22 X / ‘This 

word is X’).  All target sentences could be read in two 

different intonations – question or statement.  With six target 

words, three contexts and two intonation patterns, there were a 

total of 36 different stimuli from each speaker.  These 
sentences were produced in a random order within a longer 

sentence list (So, 2008).  In order to obtain naturally produced 

speech data, the speakers were engaged in a dialogue, where 

the experimenter initiated each exchange and the speakers 

answered with one of the sentences.   

Speech recordings were conducted in a quiet room, with 

either a Shure (SM48) or an AKG (C525S) microphone 

connected to a computer running Audacity software (version 

1.2.6) and an Aardvark USB 3 sound card.  A 10cm mouth-to 

microphone distance was maintained during recordings. 

2.3. Acoustic analysis 

Acoustic analysis was performed to measure the F0 values 

each target word, using the Praat software (Version 5.0.09, 

Boersma and Weenink, 2008).  The voiced segment of each 
word was identified visually from a wideband spectrogram 

and an amplitude waveform display.  F0 was estimated at nine 

evenly-spaced time points from the beginning to the end of the 

voiced segment of the word using an autocorrelation 

algorithm. Five time points were chosen for subsequent 
analysis (0%, 25%, 50%, 75%, and 100% of the total 

duration). Manual measurements from the amplitude 

waveform were used when the software produced F0 estimates 

that were largely different from those of adjacent time points. 

2.4. F0 normalization 

F0 normalization was necessary in this study owing to the 

involvement of speakers of both genders, as it is generally 

agreed that female speakers have a higher mean F0 height and 
wider F0 range than male speakers (Wu & Childers, 1990; 

Henton, 1995).  Z-score normalization was conducted for all 

F0 measurements in the current study, so as to eliminate the 

between-speaker variability and to extract the linguistic-

phonetic specification of the tones (Rose, 1987).  The F0 value 

at each time point was normalized with reference to the mean 
F0 and SD F0 of each individual speaker.  The normalized F0 

values were used for subsequent statistical comparisons. 

2.5. Reliability 

Intra- and inter-rater reliabilities were calculated by repeating 

the analysis for one speaker (10% of the data) by the author 

and a second rater, who is experienced in acoustic analysis. 

Pearson’s correlation was used to calculate reliability. Both 

intra- and inter-rater reliabilities were above 0.99 (p < 0.001). 

3. Results 

As our previous study showed that the F0 patterns of the six 
tones were maintained across different sentence contexts 

within questions and statements except at the final position of 

questions (Ma, Ciocca, & Whitehill, 2006), the F0 patterns of 

the tones were analysed separately for the targets at the non-

question final positions (statement initial, statement medial, 

statement final, question initial and question medial) and for 

those at the question final position.  First, the results for the 

targets at the non-question final position are presented.  The 

normalized F0 values of each tone at each time point (0%, 

25%, 50%, 75%, and 100% of the total duration) were 

averaged across statement initial, statement medial, statement 
final, question initial and question medial for each speaker to 

represent the tonal patterns.  The mean normalized F0 values 

of the six tones at the non-question final positions for both PD 

and control speakers are displayed in Figure 1. The F0 

patterns of the six tones produced by the control speakers 

were consistent with previous findings for Cantonese speakers 
(Bauer & Benedict, 1997; Fok-Chan, 1974).  The six tones 

produced by the PD speakers were similar to those of control 

speakers in the F0 patterns.  However, it was also noted that 

the falling contour of tone 55 was steeper for the PD speakers, 

and the F0 contour of tone 25 of the PD speakers did not rise 

to the same F0 level as in the control speakers.    
A three-way ANOVA was conducted to compare the 

normalized F0 patterns of the six tones across the non-question 

final targets, with speaker group (dysarthric Vs control) as the 

between-subject factor, and tone (55, 25, 33, 21, 23, 22) and 

time point (0%, 25%, 50%, 75% and 100% of the 
measurement points) as the within subject factors.  Results 

showed that the PD speakers had significantly higher mean F0 

than the control speakers, F (1, 8) = 14.8, p < 0.05. Significant 

main effects were also found for tone, F (5, 40) = 119.9, p < 

0.05 and for time, F (4, 32) = 11.2, p < 0.05.  Significant 

differences in the overall F0 values were noted between all six 
tones (Tukey HSD test, p < 0.05 for all), except for the 

comparison between tones 33 and 23 (Tukey HSD test, p > 

0.05).  Differences in F0 values were noted between the 0% 

time point and the other four time points (Tukey HSD test, p < 

0.05 for all), and between the 100% time points and the other 

four time points (Tukey HSD test, p < 0.05 for all); while the 
F0 values at 25%, 50% and 75% time points were similar 

(Tukey HSD test, p > 0.05 for all).  No statistically significant 

interactions were found between speaker group and tone [F (5, 

40) = 0.2, p > 0.05] or between speaker group and time points 

[F (4, 32) = 1.5, p > 0.05], indicating that the F0 values 

changed similarly across various tones and time points for 
both PD and control speakers. A significant interaction 

between speaker group, tone and time point was found, [F (20, 

160) = 2.1, p < 0.05].  Post-hoc analysis showed that the PD 

speakers had lower F0 values at 100% time point of tone 55 

and higher F0 values at 25% time point of tone 25 than the 

control speakers (Tukey HSD test, p < 0.05 for both), while no 

statistically significant differences was found at other time 

points of tones 55 and 25, or at any of the five time points of 

tones 33, 21, 23 and 22. In comparing the F0 contours of the 

three level tones, the PD speakers produced distinctive F0 

contrasts between tones 55 and 33 at all time points (Tukey 
HSD test, p < 0.05 for all), but significant contrasts between 

tones 33 and 22 were noted only at the 25%, 50% and 75% 

(Tukey HSD test, p < 0.05 for all).  However, the control 

speakers produced significant contrasts at all time points 

between tones 55, 33 and 22 (Tukey HSD test, p < 0.05 for 

all). For the two rising tones, the PD speakers showed 

significant contrasts at the 50%, 75% and 100% time points

1692



Figure 1. The averaged F0 contours at the non-question final positions of the PD speakers (a) and control speakers (b). 

Figure 2. The F0 contours of the six tones at the final position of questions for the PD speakers (a) and control speakers (b).  

(Tukey HSD test, p < 0.05 for all), while the control speakers 

showed contrasts at 75% and 100% time points (Tukey HSD 

test, p < 0.05 for both). 

Figure 2 shows the mean normalized F0 values of the six 

tones at the final position of questions for both PD speakers 

and control speakers. The F0 patterns of the six tones 

produced by the control speakers were consistent with 

previous findings (Ma, Ciocca, & Whitehill, 2006).  All six 

tones showed a rising F0 contour, regardless of their canonical 
forms.  Tones 55 and 33 were distinctive from the other tones 

by the F0 level at the beginning of the syllable, while 

overlapping F0 contour was observed for tones 25, 21, 23 and 

22. By contrast, for the PD speakers, while rising F0 contour 

was still observed for tones 25, 33, 21, 23 and 22 at the final 

position of questions, no rising contour was found for tone 55.  

Additionally, the rising contour produced by the PD speakers 

did not go up to the same F0 level when compared with the 

control speakers. Although the F0 distance between tones 55 

and 33 was maintained, tone 33 was not distinctive from the 

remaining tones in terms of F0 level.  Instead, overlapping F0 

contours were noted for tones 33 and 22. 

The normalized F0 values at the final position were 

compared across speaker group, tone and time point by a 

three-way ANOVA.  The significant main effect of speaker 

showed that the control speaker had a higher normalized F0 

values at the final position of questions than the PD speakers 
[F (1, 8) = 14.50, p < 0.05].  Significant main effects were 

also found for tone [F (5, 40) = 11.45, p < 0.05] and time 

point [F (4, 32) = 6.62, p < 0.05]. Tone 55 had an overall F0 

values higher than the other five tones, and the overall F0 

values of tone 21 was significantly lower than that of tones 55, 

25 and 33 (Tukey HSD test, p < 0.05 for all). Post-hoc 

analysis of time points showed that the F0 values at 75% and 

100% were significantly higher than at 0%, 25% and 50% 

(Tukey HSD test, p < 0.05 for all), but there was no 

significant difference between the 75% and 100% time points 

(Tukey HSD test, p > 0.05).  A significant interaction effect 

was noted between speaker group and time point [F (4, 32) = 

6.62, p < 0.05], but not between speaker group and tone [F (5, 

40) = 0.39, p > 0.05].  PD speakers showed significantly lower 

F0 values at the 75% and 100% time points than control 

speakers (Tukey HSD test, p < 0.05).  No significant 
interaction effect was found for the analysis of speaker group 

by tone by time point [F (20, 160) = 0.89, p > 0.05]. 

4. Discussion 

The first aim of this study was to investigate the F0 patterns of 

lexical tone in Cantonese PD speakers.  The normalized F0 

patterns of the six Cantonese tones at the non-final position of 

questions produced by the PD speakers were similar to those 
by the control speakers.  These patterns were also consistent 

with the canonical forms (Bauer & Benedict, 1997; Fok-Chan, 

1974) and with the F0 patterns of tones measured at various 

sentence contexts across questions and statements (Ma, 

Ciocca, & Whitehill, 2006).  As shown in Figure 1,  although 

a slightly falling contour was observed for all the three level 
tones (tones 55, 33, and 22) for both PD and control speakers, 

a steeper fall in F0 was noted for tone 55 in the PD speakers 

than the control speakers.  The PD speakers retained the 

relative relations between the three level tones, with the 

relative F0 distance between tones 55 and 33 was greater than 

between tones 33 and 22.  Tones 25 and 23 were produced 
with a rising tone contour.  However, the F0 values of tone 25 

at 100% time point for the PD speakers was significantly 

lower than for the control speakers.  The F0 contour of tone 

21 was similar for the PD and control speakers, with the tone 
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beginning at about the same level as tone 22, and had a falling 

contour to the lowest F0 value of the six tones.  The F0 

patterns of the PD speakers in the current study supported the 

results of Whitehill, Ma and Lee (2003), who found that tone 

production was a relatively robust feature in the speech of PD 

speakers. However, the contrastive normalized F0 contours of 

the six tones observed among the PD speakers in this study 

did not imply that the lexical tones produced by the PD 

speakers would be accurately perceived.  In order to correctly 
identify a lexical tone, listeners were hypothesized to use the 

extrinsic context (i.e., speech that is not part of the target to be 

identified) to infer the F0 range of the talker’s voice (Wong & 

Diehl, 1999) and to use the extracted F0 range of the talker to 

normalize for tone perception (Francis, Ciocca, Wong, Leung, 

& Chu, 2006; Leather, 1983).  Wong and Diehl (1999) 

showed that the perception of tone was less accurate when the 

pitch range was narrow, as it would reduce the distance 

between the target tone and its context, making the tone 

normalization process more difficult for the listeners.  

Although the results of the current study showed that the PD 
speakers marked the six tones contrastively within the 

normalized tonal space, the relative distance between tones in 

absolute F0 values might not be perceptually distinctive if the 

tonal space of the PD speakers was indeed restricted, as 

suggested by Wong and Diehl (1999). Further perceptual 

experiments would provide additional insight to the 
perception of lexical tones produced by the PD speakers. 

The second aim of this study was to examine the effect of 

the monotonicity of the PD speakers at the sentence level on 

the production of lexical tones.  By comparing the F0 patterns 

of the six tones at the final position of questions, the results 

showed that, although a final-rise in F0 could still be found in 
most tones produced by the PD speakers, the degree of F0 

increase at the 75% and 100% time points of the final syllable 

differed between the PD and the control speakers. As shown in 

Figure 2, the F0 values at the 75% and 100% time points were 

approximately 1 standard deviation (SD) above the mean for 
the PD speakers, while the same time points were 

approximately 1.5 to 3 SDs above mean for the control 

speakers. Additionally, the F0 contour of tone 55 of the PD 

speakers was slightly falling, rather than the rising contour as 

observed in the control speakers.  The differences between the 

PD speakers and the control speakers were probably related to 
the disturbances in pitch control and the reduction in pitch 

range of the PD speakers.  That is, the reduced F0 increase at 

the final position of questions was related to the physiological 

constraints imposed by the Parkinson’s disease. The 

differences in the F0 patterns between the tonal targets at the 

non-question final positions and at the question final position 
suggested that the intonation has less of an impact on lexical 

tone in the PD speakers than in the control speakers.  This 

finding also supported the hypothesis of a dissociation in 

physiological control between the relatively stable global F0 

variation over time (i.e., intonation) and the fast-changing 

local F0 changes required in lexical tone (Hong, Kim, & Kim, 
2001; Fujisaki, 1988).  

In conclusion, the current study was the first to explore 
the F0 patterns of lexical tones produced by Cantonese PD 

speakers. The results showed that lexical tone production was 

relatively unaffected in the speech produced by the PD 

speakers. The effect of the monotonous nature of PD speech 

was found at the final position of questions, where the rising 

F0 contours of the tones were flatter for the PD speakers than 
for the control speakers.  
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