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An Acoustic Comparison of the Yangping Tone and the 

Yinping Tone Sandhi in Hakka Infant-Directed Speech and 

Adult-Directed Speech 
 

Ming-chung Cheng 

National United University 

 

A great body of research of infant-directed speech (IDS) in tonal languages has 

centered on comparing the realizations of citation tones in IDS and adult-directed speech 

(ADS). Little attention is directed to the comparisons of sandhi tones between both reg-

isters. Thus, this study, based on Taiwan Sixian Hakka (TSH), targeted to investigate 

how the Yinping tone (T1) sandhi is realized in Hakka IDS, and compared it with the 

Yangping citation tone (T2) in ADS and IDS. Eight mother-infant dyads aging from 6 to 
8 months joined this study. Speech stimuli contained 21 disyllabic phrases shaped by 

C1V1C2V(C), where C1 and C2 were voiceless consonants and V1 was one of the corner 

vowels [i, a, u] and carried the target citation and sandhi tones. Mothers vocally inter-

acted with their infants and the researcher naturally at homes, and these speeches were 

recorded as IDS and ADS respectively. For each register, the first three clear tokens of 

all target tones were segmented for acoustic analysis by PRAAT. Results showed that 

IDS citation tones were more hyperarticulated than ADS ones in all F0-related correlates. 

However, unlike citation T2, sandhi T2s exhibited a phonetic realization similar in both 

registers, and similar to the ADS citation T2 in all F0-related correlates. The results can 

not only explain children’s late acquisition of sandhi tones, but stress the importance of 

speech input in child language acquisition, too. Finally, this study discussed relevant is-
sues that should be further examined in IDS tonal studies.  

 

Keywords: Hakka, infant-directed speech, tone, tone sandhi, fundamental frequency 

 

1. Introduction 

Infant-directed speech (IDS), a speaking register adults typically adopt to address 

infants, is of primary importance in early language acquisition (Brown, 1973; Jusczyk, 

1997; Kuhl, 2000; Lieven, 1994), and has attracted plenty of research attention since 

1970s (e.g. Ferguson, 1964; Fernald, 1985, 1989; Snow, 1972, 1977; Snow & Fergu-

son, 1977). Compared with adult-directed speech (ADS), IDS is, phonetically, a form 

of “clear speech” (Picheny, Durlach, & Braida, 1985) or “hyperarticulated speech” 

(Lindblom, 1990). Adults modify their speeches to enhance linguistic categories and 

to maximize their learnability. Such modifications in IDS have been observed in a 

great number of phonetic-acoustic studies of (a) tones and intonations (Grieser & 

Kuhl, 1998; Kitamura, Thanavishuth, Burnham, & Luksaneeyanawin, 2002; Liu, Tsao, 

& Kuhl, 2007; Papousek & Hwang 1991; Xu, 2008; Xu, Burnham, & Reilly, 2013), (b) 

vowels (Andruski & Kuhl, 1996; Andruski, Kuhl, & Hayashi, 1999; Englund & 

Behne, 2005; Kuhl et al., 1997; Liu, Kuhl, & Tsao, 2003; van de Weijer, 2001), and (c) 

consonants (Cristiá, 2009, 2010; Englund, 2005; Sundberg, 1998, 2001; Sundberg & 

Lacerda, 1999). Thus far, few studies have compared sandhi tones between IDS and 

ADS. For this reason, this study desires to take this issue into account by means of 

Hakka IDS and ADS, and reviewing tonal behaviors between IDS and ADS from pre-
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vious acoustic experiments turns out to be necessary. 

For tones, in comparison with ADS, IDS exhibits higher pitch, wider pitch range, 

longer pitch duration, and larger pitch excursion. Two significant research cases come 

from Kitamura et al. (2002) and Liu et al. (2007). Kitamura et al. (2002) investigated 

the F0 (pitch) variation between the two registers in Australian English (non-tonal) 

and Thai (tonal), and observed that mothers in both languages displayed exaggerated 

F0-related acoustic correlates (i.e. F0 mean, F0 range and F0 slope) in IDS, compared 

with those in ADS. Liu et al. (2007) took the four citation tones in Taiwan Mandarin 

into account, and showed that higher F0 means, wider F0 ranges, and longer F0 dura-

tion in IDS than in ADS. Xu (2008) and Cheng and Chang (2014) had similar obser-

vations. The former studied six non-checked citation tones in Cantonese, while the 

latter explored all citation tones, non-checked and checked ones, in Taiwan Sixian 

Hakka (TSH). TSH is also the focus of this study and will be elaborated in section 2.  

In general, the results from previous phonetic-acoustic research of IDS tones are 

pretty consistent in exaggerated tonal manifestations in IDS in relation to ADS. The 

reasons for such similar tonal behaviors in IDS may exist in infants’ sensitivity and 

preference to high-pitched voices (e.g. Cooper & Aslin, 1990; Fernald, 1991, 1993; 

Leibold & Werner, 2007; Trainor & Zacharias, 1998), and in infants’ early maturation 

of the auditory system for high frequencies (Leibold & Werner, 2007; Schneider & 

Trehub, 1992). Also, there seems to be an intrinsic mapping between high pitch and 

emotion and affection. High pitch is helpful to convey positive affection and emotion 

as well as intimacy (Morton, 1977; Ohala, 1984, 1994; Scherer, 1986; Trainor, Austin, 

& Desjardins, 2000; Trainor, Clark, Huntley, & Adams, 1997; Zhu, 2004).1 All the 

characteristics contribute to adults’ use of high-pitched tones when addressing infants.  

Despite research efforts to the tonal realization in IDS, a salient issue has always 

been missing in the IDS literature. So far, almost all IDS literature has centered on the 

citation tones between ADS and IDS. Little is known about the sandhi tones between 

ADS and IDS, particularly when the tone resulting from tone sandhi is the same as or 

similar to another citation tone. Take the third-tone sandhi in Mandarin Chinese for 

instance.2 There are four citation tones in Mandarin Chinese: T1[55], T2[35], T3[214] 

and T4[51]. When two T3 syllables appear together, the first T3 will change to T2. An 

obvious question surfaces. Given that tonal exaggeration and expansion are remarka-

ble phonetic characteristics in IDS, will citation and sandhi T2s in Mandarin Chinese 

                                                   
1 Ohala (1984, 1994) proposed “the frequency code” and argued that, across languages and species, a 
biological/ethological relationship exists between pitches and meanings. High and/or rising F0 signals 

politeness, submission, and uncertainty, whereas low and/or falling F0 conveys assertiveness, authority, 

aggression and threat. For this reason, IDS resorts to high F0 to express nonaggression, nonthreatening 

and tenderness.  
2 Please see Yip (2002:180-181) for the discussion of third-tone sandhi. For those who are interested in 

tone sandhi issues across Chinese dialects, please refer to Chen (2000).  
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have the same tonal behaviors in IDS? To my knowledge, no IDS-related literature 

has put this into focus before. Even if a great number of studies emphasize infants’ or 

children’s tonal acquisition among Chinese dialects (e.g. Clumeck, 1980; Lee, 1993; 

Li & Thompson, 1977; Shiu, 1990; Tsay, 2001; Tsay & Huang, 1998; Tse, 1992; Yang, 

2002), tone sandhi is also scarcely taken into concern. Consequently, the relation re-

mains unclear between the phonetic behaviors of the sandhi tones in IDS and chil-

dren’s acquisition of sandhi tones. For this sake, this study desires to explore the tone 

sandhi issue in IDS by Taiwan Sixian Hakka (TSH) spoken in Miaoli County. 

The present study has the following structure. Section 2 presents the tonal system 

and the tone sandhi rule of TSH, and introduces the purpose and question in the study. 

Section 3 introduces significant phonetic-acoustic correlates of tones, based on prior 

perceptual-tonal studies. Section 4 presents the method adopted in this study. Section 

5 presents research results and discusses the relation between the findings and the ac-

quisition of sandhi tones as well as relevant issues for further studies. Section 6 con-

cludes this study. 

 

2. The Tonal System and Tone Sandhi Rule in Taiwan Sixian Hakka 

    Like Mandarin Chinese and Southern Min, Taiwan Sixian Hakka (TSH) is a tone 

language which contains six citation tones, as shown in (1).3 TSH has only one tone 

sandhi rule, listed in (2). When Yinping (T1) is followed by Yinping (T1), Qu (T4) or 

Yangru (T6), the (first) Yinping (T1) will shift to Yangping (T2). Some examples, ex-

tracted from Ku (2005:150-151), are shown in (3). 

 

(1) The Six Citation Tones in Taiwan Sixian Hakka (Chang, 1995) 

 Non-checked Tones Checked Tones 

Tone Type 
Yinping 

(Tone 1) 

Yangping 

(Tone 2) 

Shang 

(Tone 3) 

Qu 

(Tone 4) 

Yinru 

(Tone 5) 

Yangru 

(Tone 6) 

Tone Value [35] [31] [51] [55] [53] [55] 

Description 
high- 

rising 

low- 

dipping 

high- 

falling 

high- 

level 

high- 

falling 

high- 

level  

 

                                                   
3 In traditional tonal surveys (e.g. Ku, 2005; Lo, 2007), Yangping in TSH is described as [11]. 

However, acoustic studies, such as Chang (1995), Cheng and Weng (2018) and Yu (2018), show that 

Yangping is [31]. Thus, [31] is used in the current acoustic study.  
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(2) Yinping (T1) Sandhi Rule in Taiwan Sixian Hakka4 

 T1 → T2 / _____ ＋ T1, T4, T6 

  

(3) a. T1＋T1 

 [kau35-31 san35] ‘high mountain’ [tam35-31 toŋ35] ‘to shoulder’ 

 b. T1＋T4 

 [tshoŋ35-31 khu55] ‘a warehouse’ [tuŋ35-31 ko55] ‘to pass through’ 

 c. T1＋T6 

 [sam35-31 ŋiet55] ‘March’ [seu35-31 tuk55] ‘to disinfect’ 

 

    After introducing the tonal system and the Yinping tone sandhi rule in TSH, this 

study targets to compare the phonetic realizations between citation T2 and sandhi T2 

in ADS and IDS, and to test whether there are cross-register phonetic differences be-

tween these two different T2s. Based on the findings of previous IDS tonal studies, T2 

in IDS is assumed to be exaggerated in comparison with that in ADS.  

For sandhi T2, the situation is still unknown, however. In ADS, sandhi T2 should 

be similar to the citation T2. Yet, in IDS, whether citation and sandhi T2s are phonet-

ically the same or different, and how they manifest when compared with citation and 

sandhi T2s in ADS call for further scrutiny. Both questions motivate the current study. 

If there is cross-register phonetic-acoustic difference between citation and sandhi T2s 

in IDS, it will contribute greatly to the explanations of acquiring difficulties of sandhi 

tones faced by infants and children. 

 

3. The Phonetic-Acoustic Correlates of Tones 

This study targets at tones, so how tones are acoustically, perceptually, and lin-

guistically interrelated should be properly defined. Fundamental frequency (F0), an 

acoustic term, refers to the number of times that the vocal folds open and close per 

second, and is measured in Hertz (Hz). The correspondent of F0 is pitch, an auditory 

property defined from the hearers’ angle, and tone, a linguistic category distinguishing 

different meanings of words and utterances. F0, pitch and tone originate from different 

defining dimensions.5 Apparently, the phonetic-acoustic correlates of tones should be 

F0-related ones (Lehiste, 1996).6 From now on, F0 will be used throughout this study. 

                                                   
4 The absolute tonal values used in Ku (2005) differ from those used in this study, but the tonal 
behaviors are the same or similar. For explanatory consistency, the tonal values of the original 

examples in Ku (2005) are modified in accordance with this study.  
5 See Yip (2002) for more detailed discussion of such distinctions.  
6 The production mechanism of tones involves a series of complex physiological movement of muscles 

(e.g. the adductor, abductor, tensor, strap, constrictor muscles) and cartilages (the cricoid, thyroid and 

arytenoid cartilages) inside the larynx. Refer to Hirose (1997), Ladefoged (2006), Ohala (1978) and Yip 
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A number of perceptual studies, detailed below, have identified key aspects of F0 

as significant phonetic-acoustic correlates for tone distinction. They are (a) F0 contour, 

(b) F0 mean, (c) F0 slope, (d) F0 range, and (d) F0 duration. They will be all compared 

between both registers in the current study. How these tonal correlates are calculated 

will be stated in section 4. Below, the first three correlates will be further interpreted. 

For F0 contour, a body of research has indicated that hearers distinguish different 

tone categories, based primarily on F0 contours, such as Mandarin (Fu, Zeng, Shannon, 

& Soli, 1998; Liu & Samuel, 2004; Shi, 2008; Shi & Wang, 2006; Whalen & Xu, 

1992; Xu, 1997) and Cantonese (Gandour, 1981). To illustrate, Tseng (1990) noticed 

that the F0 patterns play the primary role in both tone production and tone perception 

in the lexical tones in Taiwan Mandarin. A similar tonal behavior was observed in Shi 

and Wang (2006) in their investigation of the citation tones in Beijing Mandarin. They 

stated that each citation tone occupies specific tonal space in terms of F0 contour. For 

this reason, the F0 trajectory is known to be a major acoustic manifestation of tone. 

For F0 mean (F0 height), previous literature demonstrated that F0 mean provides 

enough information for high tonal intelligibility in Thai (Abramson, 1962), Mandarin 

(Howie, 1976; Wu, 1986) and Cantonese (Vance, 1977). Additionally, Gandour (1983) 

found that F0 level was of primary significance in the perception of Cantonese tones. 

Khouw and Ciocca (2007) also found that F0 mean was significant to separate level 

tones in Cantonese (i.e. [55], [33] and [22]). In his study of Sixian Hakka in Southern 

Taiwan, Huang (2003) pointed out that mean F0 reached statistical significance in all 

contrasted tonal pairs, and was well qualified for a general identifier of Hakka citation 

tones. All these studies suggest that F0 mean (F0 height) be a crucial phonetic-acoustic 

correlate for the identification and distinction of tones. 

F0 slope is part of the articulatory goal that underlines tonal identity (Xu, 2001), 

and represents the direction and magnitude of F0 change (e.g. level, falling or rising). 

Prior studies have supplied evidence for the importance of F0 change in the distinction 

of tonal contrasts, like Cantonese (Gandour, 1981), Hakka (Huang, 2003; Liu, 2006) 

and Thai (Gandour, 1979). For example, in their perception study of Cantonese tones, 

Khouw and Ciocca (2007) suggested that F0 change directions are used by listeners to 

perceptually distinguish contour tones (i.e. [25], [23] and [21]) and level tones (i.e. 

[55], [33] and [22]), and differentiate between rising tones (i.e. [25] and [23]) and the 

falling tone [21]. Additionally, the magnitude of the F0 change can also be used to dis-

tinguish the high rising tone [25] and the low rising tone [23]. In fact, their results are 

consistent with Abramson (1978) and Abramson, Eng, Obler and Harris (1996), who 

found out that F0 height difference is sufficient for the identification of level tones, but 

rapid F0 slope movement is vital for high intelligibility of contour tones. All together, 

                                                                                                                                                  
(2002) for more details. 
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F0 slope is also one significant cue that is helpful to the identification and perception 

of tones (Abramson, 1978; Pittayaporn, 2007).  

 

4. Method 

This section introduces the method in this study, including participants, recording 

materials, experimental procedure, acoustic and statistical analysis, diagram graphing, 

the measurement and normalization processes.  

 

4.1 Participants 

Eight mother-infant dyads, with their infants at the age of 6 to 8 months, took 

part in speech recordings. Mothers were selected according to the following criteria: 

(a) they were all native speakers of Hakka and local residents in Miaoli County; (b) 

they frequently used Hakka while interacting with their infants and family; and (c) 

mothers and infants were free from physical, sensory, mental or language disorders.  

 

4.2 Recording Materials 

The target tones of this study were citation and sandhi T2s in ADS and IDS, but 

all citation tones should be collected for pitch normalization, elaborated in section 4.5. 

For citation tones, recording materials included 18 disyllabic phrases. All target tones 

were positioned in the first syllables in order for the prevention from final-lengthening 

and final-lowering of pitch contours (Peng, 1997). These phrases were constructed in 

C1V1C2(M)V2(V/C), where C1 and C2 excluded such voiced sounds as nasals, laterals 

and prevocalic glides. Thus, the tonal movements of the first syllables were com-

pletely restricted to the nucleus vowels which are traditional tone bearing units. Re-

markably, the second syllables of the disyllabic phrases bore the Yangping tone to 

prevent tone sandhi. Each citation tone appeared with three corner vowels (/i/, /a/, /u/), 

so there were 18 target words in total (6 tones × 3 vowels). For sandhi T2, 3 disyllabic 

phrases, having similar structures to those for the elicitation of the citation tones and 

having Yinping followed by Yinping (T1), Qu (T4) and Yangru (T6), were utilized. 

According to the Yinping sandhi rule, the T1 on the first syllable would shift to sandhi 

T2 in TSH. The recording materials of citation and sandhi tones are shown in (4) and 

(5) respectively. Both citation and sandhi T2s are the first syllables in the disyllabic 

phrases, so they are comparable to each other. 
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(4) Recording Materials of Six Citation Tones Adopted in This Study 

 /i/ /a/ /u/ 

Yinping  

T1 [35] 

[pi35 thoŋ31] 

‘pond’ 

[tsha35 phai31] 

‘license plate’ 

[tsu35 tshoŋ31] 

‘pig intestine’ 

Yangping  

T2 [31] 

[phi31 hai31] 

‘leather shoe’ 

[tsha31 fu31] 

‘tea pot’ 

[phu31 tho31] 

‘grape’ 

Shang 

T3 [51] 

[ɕi51 ham31] 

‘very salty 

[ka51 tɕhien31] 

‘fake money’ 

[pu51 theu31] 

‘ax’ 

Qu 

T4 [55] 

[thi55 theu31] 

‘to have haircut’ 

[fa55 thu31] 

‘to paint’ 

[su55 khieu31] 

‘wooden bridge’ 

Yinru 

T5 [53] 

[tɕhit53 theu31] 

‘knee’ 

[tsak53 tsha31] 

‘to boil water’ 

[sak55 theu31] 

‘stone’ 

Yangru 

T6 [55] 

[phit55 pho31] 

‘bat (animal)’ 

[kut53 theu31] 

‘bone’ 

[tuk55 sa31] 

‘poisonous snake’ 

 

(5) Recording Materials of the Yinping Tone Sandhi Adopted in This Study 

Yinping Tone Sandhi  T1 + T1 T1 + T4 T1 + T6 

T1[35] → T2[31] 
[ɕi35-31 kua35] 

‘watermelon’ 

[fa35-31 theu55] 

‘a kind of bean’ 

[su35-31 khiuk55] 

‘bookstore’ 

 

4.3 Experimental Procedure 

A pre-visit to each mother’s residence was made before speech recording. At that 

time, mothers were introduced to the general purpose of the study. They were told that 

this study centered at the natural mother-infant interaction. After the introduction, they 

acquainted themselves with the recording instruments and materials. Finally, mothers 

were given simple instructions to ensure that they felt comfortable at speech recording 

by the use of the digital sound recorder. As a quasi-natural study, this study permitted 

mothers to naturally interact with their infants at home and gathered natural connected 

speeches.  

In the following visit, mothers were required to talk to their infants as naturally 

as they usually did when they were together. The mother-infant dyads were left alone 

in a sound-attenuated room, and were recorded for 15~20 minutes when their infants 

were alert and content. To assist mothers to articulate the targets during IDS recording, 

they were provided with labeled toys and pictures that corresponded to the recording 

materials. During ADS recording, mothers and the researcher conversed on the toys 

and pictures. Topics typically relevant to the target words (e.g. the infant’s reaction to 

the toys) were used for ADS elicitation as well. The recording sequence between IDS 

and ADS was counterbalanced across participants, so that half of the mothers had IDS 
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recorded first, and the other half recorded ADS first. 

After ADS and IDS data collection, the first syllables of all recording materials, 

with citation tones and sandhi T2s on them, were segmented from the original speech 

recordings. Words overlapping with conversation from the adults, infant vocalizations, 

toy noise and those bearing invalid pitch contours were excluded. The first three clear 

tokens of each target T2 in both ADS and IDS were taken out for acoustic analysis of 

F0 values. There were a total number of 1,008 syllables (8 mothers × 21 test syllables 

× 2 registers × 3 clear tokens) for further acoustic pitch analysis. Among them, cita-

tion and sandhi T2s would be extracted for in-depth comparison, and the number of 

tokens was 288 syllables. 

 

4.4 Analyzing Analysis, Statistical Analysis and Diagram Graphing 

The speech analyzing program in this study was PRAAT (Boersma & Weenink, 

2016). To deal with such a large amount of collected data, script programs running on 

PRAAT were utilized to automatically measure the segmented recordings and fetch the 

values of fundamental frequency (F0), detailed below. SPSS 16.0 and Microcal Origin 

6.0 were employed in this study for statistical analysis and diagram graphing. For all 

statistical tests in this study, the level of significant difference was set as p < .05. 

 

4.5 The Measurement and Normalization Processes of the Pitch Values of Tones  

As for how to measure and normalize the F0 values, all segmented speech tokens 

were temporally normalized to be comparable on the same time scale. As shown in (6), 

the normalization was conducted by fetching out F0 values (in Hz) at the percentage 

time points from 0% to 100% of a pitch contour. As a result, for each tone in ADS and 

IDS, there were a total number of eleven absolute F0 values extracted from the time 

points on the normalized axis. Additionally, the absolute temporal difference between 

F0 onset and F0 offset can be regarded as F0 duration. 
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(6) Time Normalization of Pitch Contours into Eleven Points 

 
 

    However, the extracted absolute F0 values couldn’t be directly compared because 

participants showed individual differences in temporal and spectral characteristics. To 

reduce individual differences on F0 values, and compare tones articulated by different 

mothers, the fetched F0 values should be normalized into Chao’s (1930) five-point to-

nal scale. The F0 normalizing process is stated as follows. 

The first task that should be carried out was to normalize the measured F0 values. 

The formula in (7) was used to transform F0 values into a five-point scale, on the basis 

of Chao (1930). In this formula, i was the percentage time point index. The Ti stood 

for the T-value of the Pi (the F0 value in Hz at the percentage time point i) in ADS and 

IDS. The PH and PL represented the highest and lowest frequencies of F0 collected in 

every mother’ citation tones in ADS. Noteworthily, due to the commonly-observed F0 

expansion in IDS, the normalized T-values of the IDS tones would escape out of the 

hedge of the traditional five-point scale (i.e. higher than 5). 

 

(7) Pitch Normalization Formula (Shi, 1990) 

Ti =  5 x 
logPi –logPL 

logPH –logPL 

 

4.6 Calculations of the Phonetic-Acoustic Correlates of Tones in This Study 

There were five phonetic-acoustic correlates of tones that would be investigated 

in this study: (a) F0 contour, (b) F0 mean, (c) F0 slope, (d) F0 range, and (e) F0 duration. 

For F0 contours, citation and sandhi tones were represented by the eleven normalized 

T-value pitch points. The values of the F0 means originated from averaging the eleven 

normalized T-value pitch points for citation and sandhi tones. The higher F0 means 
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represented that the target tones existed in an area of higher frequency. For F0 slope, 

this study gained the values by adopting a least squares formula to calculate the linear 

regression coefficient (Zar, 1996).7 The F0 slope values showed an overall estimate of 

whether the tones were falling, rising or flat. Positive values displayed a rising curve, 

whereas negative values referred to a falling trend. F0 range specified the F0 interval 

within which local F0 targets are implemented (Xu, 2005). In this study, F0 range was 

calculated by using the difference between the highest and the lowest F0 T-values. The 

higher the F0 range was, the steeper the F0 contour would be. Finally, F0 duration was 

gathered by calculating the temporal difference between F0 offset and F0 onset (i.e. F0 

offset – F0 onset). 

 

5. Results and Discussion 

    This section illustrated the results of citation and sandhi T2s in both registers in 

terms of the phonetic-acoustic correlates of tones presented in the following order: (a) 

F0 contour, (b) F0 mean and F0 range, and (c) F0 slope and F0 duration.  

 

5.1 F0 contour 

The F0 contours of all citation tones, averaged over all subjects in both registers, 

were exhibited in (8). Citation and sandhi T2s in both registers were overlapped in (9) 

so that they could be compared directly with great ease. Notice that the same citation 

tones are represented by lines of the same colors.  

 

(8) F0 Contours of All Citation Tones in ADS (Left) and IDS (Right) 
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Based on (8), the F0 contours obviously were exaggerated in all citation tones of 

                                                   
7 A line in a two dimensional or two-variable space can be defined by the equation Y = a + b*X. More 

specifically, the Y variable can be interpreted in terms of a constant (a) and a slope times the X variable 

(b*X). For more discussion of the statistic formula for comparing line slopes, please see Chapter 17 of 

Zar (1996).  
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IDS relative to ADS. Most of the relative positioning of the citation tones in the IDS 

condition underwent visible changes in the tonal space, escaping from the regulation 

of the five-point tonal scale. Such a tonal hyperarticulation was similar to those found 

in previous IDS literature (Kitamura et al., 2002; Liu et al., 2007; Xu, 2008). Besides 

F0 contour, other phonetic-acoustic correlates such as F0 mean, F0 range, F0 slope, and 

F0 duration were also more exaggerated and expanded in IDS than in ADS. However, 

this was not the main focus of this study, so in-depth discussion was neglected here. 

    Observation of (9) illustrated interesting differences between citation and sandhi 

T2s in both registers. For ADS citation T2, the F0 movement reached the lowest point 

at no later than the 50% time point. As compared with ADS, IDS citation T2 showed a 

sharper falling trend and a more magnified F0 movement in the dipping portion of T2. 

The dipping inclination of citation T2 in IDS continued until the 70% time point. For 

sandhi T2, both registers demonstrated similar and slightly falling F0 contours. Clearly, 

the effect of tonal hyperarticulation disappeared in the Yinping sandhi. Besides, there 

was no big difference between the two sandhi T2s and the ADS citation T2 in terms of 

their F0 contours. They all exhibited slight falling trends through the target syllables.  

 

(9) F0 Contours of Citation and Sandhi T2s in Both Registers 
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5. 2 F0 Mean and F0 Range 

For citation and sandhi T2s in ADS and IDS, the F0 means were obtained by av-

eraging the eleven F0 T-values. The result of descriptive statistics was shown in (10). 

Independent-Sample t tests were used to explore whether statistical difference existed 

in the citation and sandhi tone types. The results presented that statistically significant 

difference of F0 mean occurred in citation T2s (p = .000 < .05), but not in sandhi T2s 

(p > .05). In other words, the F0 means in sandhi T2s were similar between both reg-
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isters (represented by ‘≈’ in (10)). The difference of the F0 means between citation and 

sandhi T2s could be observed from the I/A ratios as well. There was a great ratio dif-

ference between citation and sandhi T2s (i.e. 9 vs. 1.38).  

 

(10) F0 Means of Citation and Sandhi T2s in ADS and IDS (in T-value) 

Tone Type Citation T2 Sandhi T2 

ADS 0.44 
IDS > ADS 

0.77 
IDS ≈ ADS 

IDS 3.96 1.06 

I/A Ratio 9 1.38 

 

    F0 range was counted by subtracting minimal F0 values from maximal F0 values 

of the citation and sandhi T2s. The statistical result was presented in (11), from which 

a robust increase of F0 range was observable in citation T2, but not in sandhi T2. This 

phenomenon could also be supported in terms of the I/A ratio difference (i.e. 3.27 vs. 

1.11) or Independent-Sample t tests. The latter showed that the citation T2 reached 

statistically significant difference of F0 range between both registers (p = .000 < .05), 

but the sandhi T2 did not.  

 

(11) F0 Ranges of Citation and Sandhi T2s in ADS and IDS (in T-value) 

Tone Type Citation T2 Sandhi T2 

ADS 1.24 
IDS > ADS 

0.91 
IDS ≈ ADS 

IDS 4.05 1.01 

I/A Ratio 3.27 1.11 

 

5. 3 F0 Slope and F0 Duration 

The F0 slopes of both citation and sandhi T2s in ADS and IDS were shown and 

compared in (12). For citation T2, the F0 slopes differed remarkably between IDS and 

ADS (i.e. -0.38 vs. -0.09). To be specific, IDS showed a rapid falling trend in citation 

T2. However, for sandhi T2, the falling trends were similar in ADS and IDS (i.e. -0.09 

vs. -0.10), and also similar to that of the ADS citation T2. Independent-Sample t tests 

displayed that there was significant difference of F0 slope between ADS and IDS for 

citation T2 (p = .000 < .05). Likewise, no significant F0 slope difference was observed 

in sandhi T2.  
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 (12) F0 Slopes of Citation and Sandhi T2s in ADS and IDS 

Tone Type Citation T2 Sandhi T2 

ADS -0.09 
IDS > ADS 

-0.09 
IDS ≈ ADS 

IDS -0.38 -0.10 

I/A Ratio 4.22 1.11 

 

The F0 duration of the citation and sandhi T2s in ADS and IDS was presented in 

(13). Apparently, comparison between the two registers displayed that F0 duration was 

more lengthened in citation T2 than in sandhi T2, which could be examined by the I/A 

ratio difference between them (i.e. 2.00 vs. 1.00). Independent-Sample t tests provided 

extra evidence for the difference of the two T2, showing that significant F0 duration 

difference existed between ADS and IDS for citation T2 (p = .000 < .05). No signifi-

cant F0 slope difference appeared in sandhi T2. 

 

(13) F0 Duration of Citation and Sandhi T2s in ADS and IDS (in ms.) 

Tone Type Citation T2 Sandhi T2 

ADS 104 
IDS > ADS 

120 
IDS ≈ ADS 

IDS 209 120 

I/A Ratio 2.00 1.00 

 

5.4 General Discussion of the Research Findings 

    The results obviously displayed that sandhi T2 had different tonal behaviors from 

citation T2 in all of the phonetic-acoustic correlates (i.e. IDS ≈ ADS vs. IDS > ADS). 

In fact, the results inspire some different thoughts to the studies of tone acquisition in 

Chinese dialects and Hakka.  

    First, Chinese dialects are tone languages; therefore, how tones are acquired has 

always been a must-explore issue in phonological acquisition research among Chinese 

dialects. This accounts for why a great amount of research puts tone acquisition into 

their focus, like Li, Zhu, Dodd, Jiang, Peng, and Shu (2000), Lin (2011), Liu (2004), 

Shiu (1990), Si (2006), and Zhu and Dodd (2000) for Mandarin Chinese, So and 

Dodd (1995), Tse (1982a, 1982b), and Tse (1992) for Cantonese, Tsay (2001) and 

Tsay and Huang (1998) for Southern Min, and Yang (2002) for Shanghainese.8 Re-

gardless of the great number of tone acquisition studies, most of them centered on the 

acquiring difficulties and acquisition orders of citation tones, or the error/substitution 

patterns of citation tones, or both. Relatively, except Mandarin Chinese, less attention 

is directed to the issues of tone sandhi among other Chinese dialects. For example, it 

                                                   
8 For more discussion of language development of Chinese children and its theoretical issues, please 

refer to Lee (1997).  
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has been found that T2 [35] is much harder to be acquired by children than other cita-

tion tones in Mandarin Chinese (Li & Thompson, 1977; Shiu, 1990) because of their 

confusion of citation T2 and sandhi T2, the latter of which derived from the third tone 

sandhi. In line with this reasoning, the Hakka T2 (Yangping) can be predictable to be 

the hardest tone for Hakka-speaking children to acquire, even if, to my knowledge, 

scarce studies carried this issue into practice, and the empirical research is highly in 

demand. Moreover, infants’ early maturation of the auditory system for high frequen-

cy sounds (Leibold & Werner, 2007; Schneider & Trehub, 1992) may also give direct 

support to this prediction of later acquisition of Hakka T2s, for T2s have the lowest 

fundamental frequencies among all the citation tones in IDS and ADS. 

    Second, the similar phonetic behaviors of sandhi T2s in both IDS and ADS may 

result from the essence difference between phonetics and phonology. Phonetics deals 

with articulatory production, acoustic transmission, and auditory reception of sounds, 

while phonology deals with the system of sounds and the operation of phonological 

rules. In (14), the structure of two-level representations is used to explain their differ-

ences. In (14a), citation T2 in the level of underlying representation shows a direct 

phonetic implementation as citation T2 in the level of surface representation, without 

any intervening phonological rules.  

 

(14) The Relationship between Citation T2 and Sandhi T2 

 

 Underlying 

Representation 

   Surface 

Representation 

a. Citation T2 → → → → → → → → → → Citation T2 

b. Citation T1 → Yinping Tone Sandhi Rule → Sandhi T2 

   (YTSR)   

 

In (14b), however, the phonological rule, Yinping Tone Sandhi Rule (YTSR), 

suppresses the original tonal features of citation T1 to surface, and forces citation T1 

to emerge as sandhi T2. Specifically, YTSR functions as a “blocker” to prohibit the 

original tonal features from emergence. The blocking function of (14b) also appears in 

IDS’ sandhi T2. As previously reviewed, tones in IDS demonstrate higher pitch, wider 

pitch range, and larger pitch excursion. These typical IDS’ tonal features are inhibited 

when YTSR applies, causing tonal exaggeration and expansion to disappear in IDS. 

This may be one of the reasons for children’s late acquisition of sandhi tones, too. 

Third, the difference between citation and sandhi T2s in IDS and the similarity in 

sandhi T2s between ADS and IDS also evoke our attention to children’s acquisition of 

sandhi tones. As previously stated, the acquisition of sandhi tones is a less explored 



 15

issue in first language acquisition. Comparatively, a great amount of research attention 

is guided to the issue of tones and tone sandhi in foreign language learning (e.g. Song, 

2009; Tsai, 2012; Wang, 2006; Yan, 2010). The main reason why the sandhi tone ac-

quisition has usually been disregarded in first language acquisition may result from 

the theoretical assumption from the nativism approach that the input children receive 

is fairly degenerate, impoverished, and underspecified in quality. Its function is simp-

ly to trigger the biologically-innate, genetically-endowed linguistic system (i.e. lan-

guage acquisition device) (Chomsky, 1965, 1981). By this assumption, children can 

‘naturally’ and ‘easily’ acquire citation and sandhi tones if proper speech input is of-

fered for them. Children’s late acquisition of sandhi tones is attributed to the complex-

ities resulting from the application of tone sandhi rules. Consequently, the importance 

of speech input has been largely neglected. However, the approach of developmental 

psychology and socio-interaction, in response to the prevalent innateness hypothesis, 

strongly emphasizes the significance of children’s linguistic environment, claiming 

that the input is not only critical to the understanding of the nature of the input, but 

also helpful to the unveiling of the mysteries in language acquisition (Matychuk, 2005; 

Saxton, 2009; Soderstrom, 2007). Apparently, this present study supports the latter 

view. As observed in the current and previous studies (e.g. Kitamura et al., 2002; Liu 

et al., 2007), tones in IDS are more exaggerated and expanded than those in ADS. 

Phonetic modifications made in IDS citation tones will create phonetically enhanced 

linguistic signals, and maximize tonal learnability for infants and children. Nonethe-

less, lack of tonal hyperarticulation in IDS sandhi T2 may result in the prediction that 

sandhi T2 will be late acquired by Hakka-speaking children, though the empirical in-

vestigations that prove this true are strongly required.  

     

6. Concluding Remarks 

    This study has taken the issue of tone sandhi in Hakka IDS into concern, an issue 

that is never explored in the IDS literature. All F0-related correlates of sandhi tones in 

both registers showed similar phonetic realizations to those in ADS citation T2. Aside 

from the cognitive complexity from the application of tone sandhi rule, the result also 

offered accounts of children’s late acquisition of sandhi tones from the perspective of 

speech input. Sandhi tones are cognitively complex and phonetically underspecified.9 

Both characteristics will undoubtedly postpone children’s successful acquisition of the 

                                                   
9 Linbolm (1990, 1992) proposed the Hyper & Hypo theory to account for the fact that speakers adjust 
their articulatory efforts to a more or less degree (hyper-articulation or hypo-articulation), depending on 

speakers’ communicative intents and listeners’ perceptual needs. The concepts of hyper-articulation and 

hypo-articulation between speaker and listener are transformed into over- and under-specification in the 

mother-infant phonetic interaction (MIPhI) model (Sundberg, 1998). In the model, ‘specification’ refers 

to the degree of perceptual salience in speech. Over- and under-specification in IDS mean, respectively, 

higher and lower perceptual salience, and more and less sonority/audibility, as compared with ADS. 
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sandhi tones. Finally, this study proposed some interesting related acquisitional issues 

about sandhi tones for further investigations, too.  

    As previously shown, tonal hyperarticulation in IDS cross-linguistically observed 

is highly related to the use of high tone (or rising tone) to transmit intimacy between 

mother and infant (e.g. Morton, 1977; Ohala, 1984, 1994; Zhu, 2004). This character-

istic will result in interesting issues that require further examination. In TSH, the san-

dhi tone [31] is a falling tone which is in conflict with the natural direction of tonal 

expansion to high frequencies in IDS. To be specific, it ought to be investigated 

whether falling or rising sandhi tones have different phonetic realizations in IDS. Are 

sandhi tones with rising F0 contours more exaggerated than those with falling F0 con-

tours? If yes, do the different phonetic realizations of the sandhi tones correlate with 

children’s acquisition order of them? So far, this study seems unable to answer these 

questions, for TSH has a very simple system of tone sandhi. Future studies can take 

into consideration, for example, Taiwan Hailu Hakka which exhibits sandhi tones with 

level, falling and rising F0 contours (Ku, 2005). Another example comes from Manda-

rin Chinese, in which the third tone sandhi rule generates sandhi T2 traditionally re-

garded as being similar to citation T2 [35]. Only through this can the relation between 

tonal hyperarticulation in IDS and changing directions of F0 contour turn out to be 

clear and evident. 
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客語客語客語客語兒向語兒向語兒向語兒向語與與與與成人語成人語成人語成人語    

陽平調陽平調陽平調陽平調與與與與陰平變調陰平變調陰平變調陰平變調的的的的聲學聲學聲學聲學比較比較比較比較研究研究研究研究    
 

鄭明中 

國立聯合大學 

 

  兒向語與成人語之間的聲調（本調）差異已獲許多聲調語言（如泰語、國語

及粵語）相關研究的討論，然而對於變調在兩種語體上的語音表現差異卻鮮少受

到研究關注。有鑑於此，本文欲對臺灣四縣客語中的陰平變調在兩種語體中的語

音體現進行討論，並與兩種語體中的陽平本調進行相互比較。本研究的參與者包

括 8 對母嬰配對，嬰兒年齡介於 6 至 8 個月之間。本研究的發音字表包括 21 個

以 C1V1C2V(C)為結構的雙音節詞組，其中 C1 與 C2 為無聲輔音，V1 為[i, a, u]三個

頂點元音其中之一，並為目標聲調所在。兒向語與成人語的語料皆在受訪者家中

錄製，且均來自於母親與其嬰兒及研究者的自然言語互動所產生。在每次錄音

裡，每個目標聲調的前兩個清晰樣本被截取出來，並透過 PRAAT 進行基頻相關

參數的分析。結果顯示，兒向語中的各個本調均呈現調形誇大、調值提升、調域

變寬、聲調升降急遽、及聲調差異擴大的情形。然而，有別於陽平本調在兩種語

體裡的語音表現差異，由陰平變調所衍生而來的陽平調，其所有的基頻相關參數

在兩種語體之間的表現並不存在顯著差異，且與成人語的陽平本調的語音表現相

當。本研究結果不但可以說明兒童習得變調之所以較晚的原因，更可以用來強調

言語輸入在兒童語言習得中的重要性。最後，本研究也對須進一步檢視的兒向語

聲調相關議題進行討論。 

 

關鍵詞：客語、兒向語、聲調、變調、基頻 

 

 

 


