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Abstract 
 

Tone merging and tonal confusion have been an interesting 

issue for a long time. This paper tries to investigate whether 

there is the phenomenon of merging tone in Hailu Hakka 

production. We focus on sandhi related tone pairs and level 

tone pairs. The results show that tone 24 and tone 33 is 

undergoing a sound change of merging in the younger 

speakers. It is proposed that both allophonic rules and acoustic 

similarity contribute to the merging tone 24 and 33. 

Index Terms: tone, merging, Hakka, sandhi, production, 

allophonic rule, acoustic similarity 
 

1. Introduction 
 

Although the ability of tone discrimination was developed 

early and native speakers had better performance in 

recognizing the tones of their native language [1], [2], and [3], 

tone confusion of native language was often observed. Taking 

Cantonese for instance [4], younger (20- to 25-year-old) and 

mid-age (35- to 45-year-old) native speakers in Hong Kong 

could not produce a distinction between high rising tone /25/ 

and mid rising tone 23, and between mid level tone 33 and low 

level tone 22, which were mutually merged. The phenomenon 

of mutual merging was not found in the older (50- to 58-year- 

old) group. There was also a more innovative merging pattern 

of the rising tones found among younger speakers [5]. The 

merging of rising tones led to the emergence of a novel rising, 

which adapted the tone height of the canonical high rising tone 

and resembled the contour shape of the canonical mid rising 

tone. 

Another study on younger Hong Kong Cantonese naïve 

speakers (18- to 22-year-old) further indicated that merging of 

rising tones 25 and 23, level tones 33 and 22, and tone 22 and 

21pairs were only in the production but not in perception [6]. 

The perception data exemplified there were still six tone 

categories in the mergers though their perceptual space 

distances compared to the canonical six tone categories were 

closer to each other. 

The trigger of the merging or merged tones might by 

acoustic similarity [7]. For instance, Mandarin, English, and 

French listeners could distinguish the Cantonese high level 

tones with ease but felt confusing in the tone 23-25, 22-33, or 

23-22 pairs. The average pitch height was also reported an 

important cue in Taiwanese and Mandarin perceptual study, 

which revealed that Taiwanese and Mandarin listeners spent  

more time waiting for the contour cues, whereas English 

listeners only paid attention to the pitch height [8], and[9]. 

Indeed, tone height and tone contour were reported as two 

most important dimensions for tone discrimination task [10]. 

Generally speaking, tone direction was relatively more 

important for listeners with tone language background; tone 

height was more important for listener with non-tone language 

background. Yet, among the Chinese languages, Cantonese 

attached more importance to pitch height than Mandarin and 

Taiwanese. Recently, Hakka language (Hailu variety) was 

reported in a process of sound change [11], and [12] in the 

level tones as well. The mid level tone 33 and low level tone 

11 (also transcribed as tone 31) were merging, and the 

frequency of language use was attributed to the trigger. 

Tone sandhi was also indicated as one of possible factors 

for perception confusion [10], [13], [14], and [15]. Perceptual 

tone dissimilarity AX experiments tested English, Thai, 

Cantonese, Mandarin, and Taiwanese listeners with 19 

synthetic speech-like monosyllabic stimuli. The results showed 

that among the Chinese languages (namely Cantonese, 

Mandarin, and Taiwanese), tone 35, 44, and 53 were the most 

confusing tones. It was suggested that the confusion of these 

tones were related to sandhi rules. Cantonese listeners 

perceived tone 53 similar to tone 44 since the Cantonese sandhi 

rule would change a high falling tone into a high level tone. 

Mandarin listeners perceived tone 35 similar to 44 which 

corresponded to the Mandarin sandhi rule changing a high 

rising tone into a high level tone [16]. As for Taiwanese 

listeners, they performed similar to Mandarin listeners because 

they were Mandarin-Taiwanese bilingual, which showed that 

perception and production of sandhi related tones were two 

sides of the same coin. 

Previous studies illustrated the merging or merged tones, 

and acoustic similarity like pitch height or even allophonic 

rules were discussed. Since Hailu Hakka is rich in lexical tones 

and there are two sandhi rules in Hailu Hakka, the present 

study selects Hailu Hakka as target language. We are curious 

about the current tone system of Hailu Hakka. Based on the 

previous studies, we focus on the three level tones and sandhi 

related tones. We try to explore whether tones are merging by 

doing a cross-age comparison. If so, could speakers in different 

generations produce a distinction among the level tones? 

Whether sandhi rules play a role in merging tones? 
 

1.1. About Hailu Hakka Language 
 

There are seven lexical tones in Hailu variety Hakka language. 

These seven lexical tones are tone 55, 33, 11, 53, 24, 5, and 

3[17],[18], and [19]. The modern researchers might use 

different tone values, expressed by the Chao-number, to 

portray these 7tones. Following Chao-number, the higher the 

number the higher the f0 values. Although there is a difference 

between the descriptions of lexical tone values, the difference 

is subtle. The lexical tones values used in current studies are 

shown in Table 1. The contours of seven Hailu Hakka lexical 

tones were presented in Figure 1. 
 

Table 1.Tone types and tone values. 

ISCA Archive
http://www.isca-speech.org/archive

4th International Symposium on
Tonal Aspects of Languages (TAL-2014)

Nijmegen, The Netherlands
May 13-16 2014

TAL 2014 125



Age Gender 
Above 50-year-old 

(mean: 56.8) 

Under 30-year-old 

(mean: 24.0) 

two males, two females 

two males, two females 

 

 Tone Age Tone:Age 
50% 

60% 

70% 

80% 

Average 

*** 

*** 

*** 

*** 

*** 

0.1481 

0.0694 

* 

** 

0.1109 

*** 

*** 

*** 

*** 

*** 

 

 

 
 

Figure 1:Seven lexical tones contours of Hailu Hakka 

 
Aside from the lexical tones, there are two sandhi rules in 

Hailu variety of Hakka language. The first sandhi rule shows a 

high checked tone 5 will be changed into a mid checked tone 3 

when it was followed by any other tones. 

Tone /5/ + any tone = tone [3] + any tone               (1)  

 

The second sandhi rule which shows a rising tone 24 will 

be changed into a mid level tone 33when it was followed by 

any other tones. 
 

Tone /24/ + any tone =tone [33] + any tone            (2) 

 

Here again, we want to probe how native speakers of 

different ages produce a distinction among the three level tones 

55, 33, 11 and sandhi related tones 24, 33, and 5, 3. 
 

2. Methodology 
 

2.1. Participants 
 

Hailu Hakka native speakers were mainly distributed in 

Hsinchu County [20]. Therefore, all of our subjects were 

recruited from Hsinchu County. All of them were Hakka- 

Mandarin bilingual, but none of them had learned Taiwan Min 

before their 20s. 20 words were utilized as the pretest [18], 

[21]. 

categories according to their age as shown in Table 2. 
 

2.2. Corpus 
 

To control lexical tone frequency, we invited five native 

speakers to rate the lexical frequency by their own intuition 

and life experience. Only the highest frequent disyllabic words 

were utilized. 

In addition, all the syllable structure of target tones were 

an onset consonant followed by a mid vowel (either /e/ or /o/). 

Only checked tones had an unreleased coda/p/, /t/, or 

/k/.Finally, there were 252 items in a reading list (6 tone* 

7combinations * 2 syllable positions * 3 repetitions = 252 

tokens). The 252 tokens were randomly ordered in the list. 

Tone 53 was excluded in target tones. 
 

2.3. Instruments 
 

A KORG MR1000 1-bit professional mobile recorder and 

AKGHSD 200 microphone were utilized to pick up acoustic 

data in a sound-treated room. 
 

2.4. Procedures 
 

During the recording, speakers read the tokens on the reading 

list in order. They first read the number of every token, and 

then had a short pause between the number and the target 

token. The microphone was placed within 15 cm in front of 

speakers’ mouth to maintain a good quality of recording. 

Speakers would take a short break for drinking water after 

they read every 100 tokens. The recording lasted for 

approximately 35 minutes. 
 

2.5. Data analysis 
 

All the acoustic data were then analyzed with VoiceSauce 

[22].The f0 values were measured every 10 % in time of the 

vowel. The acoustic signals were tagged in Praat to mark the 

target boundaries of vowels [23]. The statistical analysis was 

performed in R [24]. 

Since the direction and magnitude of f0 change were 

reported to be using later portion of (after around 62.5% [25]), 

the vowel time points from 50% to 80% were analyzed with 

linear mixed effects regression model [26].Subject was treated 

as are random effect. Lexical tones and subject age and all 

their interaction was set as fixed effects, and then the Tukey 

HSD post-hoc test was performed. 
 

3. Results 
 

There were significant main effects of lexical tones and 

interaction between tone and age on average f0 from 10% to 

80% vowel time points and average on f0 at 50%, 60%, 70%, 

80% vowel time points individually (Table 3).Therefore, the 

results of lexical tones and subject age were presented 

separately to show the differences. 

 
 

 
Table 2.Subject background. 

 
Subjects were asked about the amount of language use. 

All subjects self-reported that they spoke Hakka and were 

exposed to Hakka every day. Moreover, they had to pass a 

pretest of reading out a 296 words article from a newspaper in 

Hakka language before they participated in the current 

experiment. Finally, eight subjects participated in the 

production experiment. They were subdivided into two 

 

 
 
 
 

Table 3.Main effects of tone, age, and interaction 

between tone and age.“***”: p<0.001, “**”: p<0.01. 
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3.1. Above 50-year-old group 
 

As shown in Figure 2 and Table 4, there were significant 

difference between the f0 of sandhi related tone pairs 24-33 

and 5-3 on the average f0 and from 50% to 80% vowel time 

points. Tone 24 was higher than tone 33; tone 5 was higher 

than tone 3. As for the level tone pair 55-33-11, there were 

significant differences between each of them on the average f0 

and from 50% to 80% vowel time points. Tone 55 was higher 

than tone 33 and followed by tone 11.Both sandhi related tones 

and level tones were not merged in the speakers of above year-

old group. 

 

 
 

Figure 2: Tone contours of the speakers in the above 

50-year-oldgroup. 

 

 

 Sandhi related tones Level tones 

 24-33 5-3 55-33-11 
50% 

60% 

70% 

80% 

Average f0 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

Table 4.Results of post hoc (Tukey HSD) on f0 among 

the lexical tones at second syllable for speakers in the 

above 50-year-old group.“***”:p<0.001, “**”: 

p<0.01. 

 
3.2. Under 30-year-old group 

 

As shown in Figure 3 and Table 5, except f0 of tone 24-33 pair 

at 50% and 60% vowel time points, the f0 of sandhi 

related tone pairs 24-33 and 5-3 were different from each other 

on the average f0 and from 50% to 80% vowel time points. 

Tone 24 was higher than tone 33. Tone 5 was higher than tone 

3. For the level tone pairs 55-33-11, there were significant 

differences between each of them on the average f0 and from 

50% to 80% vowel time points. Tone 55 was higher than tone 

33 and followed by tone 11. Tone 24 and tone 33 was merged 

at the mid part of vowel time points (50% to 60%) in the 

speakers of under 30-year-old group. 

 
 

Figure 3: Tone contours of the speakers in the under 

30-year-old group. 

 

 

 Sandhi related tones Level tones 

 24-33 5-3 55-33-11 
50% 

60% 

70% 

80% 

Average f0 

0.8766 

0.2110 

** 

*** 

0.7175 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

Table 5.Results of post hoc (Tukey HSD) on f0 among 

the lexical tones at second syllable for speakers in the 

above 30-year-old group.“***”:p<0.001, 

“**”:p<0.01 

 
4. Discussions 

 

The difference between the older and younger speakers is 

mainly on the tone 24-33 pairs. Though the younger speakers 

could produce a distinction between these two tones at 70% to 

80% vowel time points, the distinction shows later by 20% 

compared to the older speakers. It is proposed that the rising 

tone 24 and mid level tone 33 are undergoing a sound change 

of merging in the younger speakers. Other lexical tone pairs 

remain the distinctiveness to each other in the speakers of 

different age. 

Yet, why the sound change only occurs in tone 24 and 33 

pair instead of other tones? Previous perceptual studies 

speculated some possible factors of tone confusion, such as 

acoustic similarity or allophonic rules [6], [7]. [10], [13], [14], 

[15], [27], and [28]. Indeed, tone 24, 33, and 11 are similar in 

the average f0 value at the initial parts of contour. If acoustic 

similarity in terms of pitch height is the case, mid level tone 33 

and low level tone 11 would be expected to undergo merging 

phenomenon as well, but all our speakers, in fact, could 

produce a distinction between tone 33 and 11 from 50% to 80% 

vowel points. If the merging of tone 24 and 33 is caused by 

allophonic rules, why the merging phenomenon is not observed 

in the other sandhi related tone pair, namely tone 5 and tone 3? 

Taken together, it is proposed that both acoustic similarity 

like pitch height and allophonic rules might result in the 

merging phenomenon of tone 24 and tone 33. That is, from
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the allophonic rule point of view, tone 24, tone 33 pair, and 

tone 5, tone 3 pair might be anticipated to undergo tone 

merging. As for the acoustic similarity standing point, within 

these two sandhi related tone pairs, the distance between tone 

24 and tone 33 is closer than the distance between tone 5 and 

tone 3 in terms of pitch height. Moreover, the contours of tone 

24 and tone 33 overlap in the initial parts of vowel points. The 

observations above might provide a possible answer for why it 

is tone 24 and tone 33pairs instead of other tone pairs undergo 

a sound change of merging. Further research like perceptual 

AX discrimination experiment on Hailu Hakka merging tone is 

needed. 
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