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This study was concerned with phonetic realizations of six oral stops /p, t, k, ph, th, kh/ 

in Hakka collected from infant-directed speech (IDS) and adult-directed speech (ADS), 

and explored whether phonetic differences between them advantaged infants’ language 

acquisition. Five mother-infant dyads took part in the recordings of ADS and IDS over the 

first six months after infants’ birth. Phonetic-acoustic correlates of oral stops were 

investigated, including voice onset time (VOT), spectral peak frequency of the release 

bursts, and obstruent/syllable (O/S) ratio. The results of this research were listed as 

follows. First, regarding VOT, IDS had longer VOT than ADS in aspirated stops, but not 

in nonaspirated stops, no matter which factor (i.e. place of articulation of stops or 

following vowel context [i, a, u]) was taken into consideration. The expanded VOT 

difference between aspirated and nonaspirated categories in IDS might benefit infants’ 

phonetic categorization and facilitate language learnability. Next, compared with ADS, 

spectral peak frequencies of stops produced in different places of articulation (PoAs) were 

significantly heightened in IDS, but stops with different PoAs remained spectrally 

separable from one another. Third, the O/S ratios in IDS were not larger than those in 

ADS, illustrating not only the articulatory difference between vowel and consonant in 

lengthening but also the role of proper onset-rime percentages in syllables for language 

acquisition. Finally, this study supported the concept of perceptually-based “phonetic 

enhancement” in IDS consonantal studies. To be conclusive, mothers modified Hakka 

stops addressed to infants systematically and strategically, and provided well-specified 

VOT distinctions among different stops.  
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1. Introduction 

 

Language acquisition is one of the most impressive aspects of human development. 

All normal children are capable of acquiring their native language without special 

instruction. In the mysterious process of language acquisition, input always plays a 

crucial role, even though different theoretical stances hold different opinions about it.1 

For example, nativism argues that the input that children receive is fairly degenerate, 

impoverished, and underspecified in quality (i.e. the poverty of the stimulus), and 

functions merely to trigger the biologically-innate, genetically-endowed linguistic 

                                                 
 An earlier draft of this study was presented in the Eighth Conference of European Association of 

Chinese Linguistics (EACL-8), held in École des Hautes É tudes en Sciences Sociales (EHESS), Paris, 

France on Aug. 26-28, 2013. The author thanks two anonymous reviewers for their comments and 

suggestions to this article. All remaining errors are mine. This research was sponsored by a research 

project from National Science Council, Taiwan (Grant Number: NSC 100-2410-H-239-008). 
1 Over the past decades, different theoretical approaches have led to different assumptions and views in 

infant/child language acquisition and development. For extensive discussion of theoretical backgrounds 

of language (and phonological) acquisition, please refer to Sundberg (1998) and Vihman (1996). 
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system (Chomsky 1965, 1981). The approach of developmental psychology and 

socio-interaction, in response to the prevalent innateness hypothesis, strongly stresses 

the significance of a child’s linguistic environment, claiming that input is not only 

critical to the understanding of the nature of the input itself, but also beneficial to the 

unveiling of the mysteries in language acquisition (Matychuk 2005, Saxton 2009, 

Soderstrom 2007). It seems far from easy to arrive at a consensus on this issue, but the 

debate between nature and nurture has unquestionably resulted in a re-examination of 

the properties of input to infants and children. 

Of the various sources of input surrounding infants, infant-directed speech (IDS), 

a speaking style adults typically adopt to address infants, plays the most salient role in 

early language acquisition (Brown 1973, Jusczyk 1997, Kuhl 2000, Lieven 1994).2 

Because of its interactive nature and linguistic comprehensibility, IDS is extensively 

documented and investigated (e.g. Cross 1978, Ferguson 1964, 1977, Fernald 1985, 

1989, Jones & Adamson 1987, Newport 1977, Phillips 1973, Ringler 1978, Snow 

1972, 1977, 1979, Snow & Ferguson 1977). Compared with adult-directed speech 

(ADS), IDS is phonetically a form of clear and hyper-articulated speech. For infants’ 

needs, adults modulate their speech to produce phonetically enhanced linguistic 

categories and to maximize their learnability.3 Such ubiquitous IDS modifications 

have been evidenced in a lot of phonetic-acoustic research on tones and intonations 

(Grieser & Kuhl 1998, Kitamura et al. 2002, Liu, Tsao & Kuhl 2007, Xu 2008) and 

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

2005, Kuhl et al. 1997, Liu, Kuhl & Tsao 2003, van de Weijer 2001). For intonations 

and tones, IDS shows a higher pitch, wider pitch range, and larger pitch excursion 

relative to ADS.4 For vowels, IDS contains acoustically more extreme vowels, a 

longer average distance between vowels, more expanded or ‘stretched’ vowel space, 

                                                 
2 This register is also variably termed motherese, babytalk, verbal stimuli, caregiver speech, parentese, 

input language, exposure language, nursery talk, and so forth (Cattell 2000:104, Saxton 2009:62-63). 

However, some terms appear with improper connotation or reference. For instance, motherese gives an 

impression that it is simply concerned with maternal speech. Yet, a lot of studies have indicated that 

fathers (Engle 1979, Fernald et al. 1989, Golinkoff & Ames 1979), single women (Ikeda & Masataka 

1999), caregivers (Nwokah 1987), and older children (Sach & Devin 1976, Shatz & Gelman 1973, 

Weppelman et al. 2003) use a similar register when speaking to infants or younger children. Another 

example is babytalk, which literally refers to speech produced by babies. To avoid terminological 

confusion, the neutral term, infant-directed speech, is used throughout this study. 
3  Some characteristics of IDS were also found in speech registers directed at pets (Burnham,  

Kitamura & Vollmer-Conna 2002, Hirsh-Pasek & Treiman 1982, Mitchell 2001, 2004, Mitchell & 

Edmonson 1999), at foreigners (Scarborough et al. 2007, Snow, van Eeden & Muysken 1981), and at 

the sick or the old (Caporael & Culbertson 1986, Levin, Snow & Lee 1984, Ryan, Hamilton & See 

1994). Even so, there still remain differences among them. For example, when compared with IDS, 

pet-directed speech does not display vowel hyperarticulation (Burnham, Kitamura & Vollmer-Conna 

2002), and contains shorter sentences, more imperatives and fewer questions and declaratives (Mitchell 

2001). Both IDS and foreigner-directed speech show vowel hyperarticulation, but heightened pitch is 

observable only in IDS (Uther, Knoll & Burnham 2007). 
4 Infants and children show a preference for high-pitched voices (Fernald 1991, Fernald & Kuhl 1987, 

Leibold & Werner 2007, Trainor & Zacharias 1998). 
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and longer vowel duration than ADS.5 These prominent properties not only provide 

well-specified signals to help language learning and phonetic categorization, but also 

function as efficient carriers to communicate affection and attract infants’ attention. 

Recent findings of IDS intonations, tones and vowels show a highly consistent result. 

Compared with the great number of studies on intonations, tones and vowels, little 

attention has been dedicated to consonantal manifestations in IDS. The reason for this 

lack of interest might be that consonantal features are acoustically less salient than the 

prosodic/vocalic ones, and are less manageable in experimentation (Sundberg 1998). 

Further, consonants do not function well for attention-getting and affection-conveying, 

and only function to signal linguistic contrasts in word learning and lexical access in 

late language development (Cutler et al. 2000, Nazzi 2005). Yet, in spite of the paucity 

of related research and the restricted knowledge of consonantal properties in IDS, it is 

necessary to review the already-existing literature. 

The most broadly investigated cue of consonants in IDS is stops’ voice onset time 

(VOT), a temporal period between the release of the oral constriction of stops and the 

onset of vocal cold vibration of the following vowels. Malsheen (1980) investigated 

VOT of stops in IDS directed to infants and children of three age groups (6-8 months, 

15-16 months, and 2.5-5 years) in mother-infant conversational interaction at home, 

finding a significantly longer VOT in IDS directed to two children aged 15-16 months 

than that in ADS. However, no significant differences in VOT appeared between IDS 

and ADS in the other two age groups. Investigating six Swedish mothers’ IDS 

directed to their 3-month-olds in a laboratory setting, Sundberg & Lacerda (1999) 

found that stops’ VOT was significantly shorter in IDS than in ADS. Additionally, the 

VOT difference between voiceless and voiced stops turned out to be smaller in IDS, 

causing more overlapping acoustic cues and poorer differentiation. Sundberg (2001) 

examined stops in three Swedish mothers IDS directed to one-year-olds, reporting 

longer VOT for all stops in IDS relative to ADS. To explain different developmental 

routes of prosodies, sonorants and obstruents, Sundberg (1998) proposed the 

Mother-Infant Phonetic Interaction model, a functional framework where phonetic 

specifications of different linguistic categories in IDS are assumed to be modulated as 

a function of both infants’ age and their communicative, attentional and affective 

development. The model is shown in Figure 1. 

                                                 
5 Besides these common views about vowels in IDS, there are other views reported in a restrictive 

number of studies. For instance, vowel space in IDS is smaller than that in ADS (Englund & Behne 

2006), or the average distance between IDS vowels changes according to vowel categories or infants’ 

ages (Bernstein Ratner 1986), or the point vowels [i, a, u] are shifted and moved downwards in IDS, 

with more opened vowels in IDS (Dodane & Al-Tamimi 2007). 
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Figure 1. Mother-Infant Phonetic Interaction (MIPhI) Model  

(Sundberg 1998:60) 

 

In this 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, compared with ADS.6 Prosodies and 

sonorants are over-specified in the first year of life, and then come closer and closer to 

the ADS level. Obstruents are under-specified for the first several months after birth, 

get dramatically over-specified at around one year of age, and then approximate to 

adult-like variations slowly. The phonetic fine-tunes in different linguistic aspects and 

for different time periods display adult accommodation to infants’ needs/constraints, 

in accord with infants’ development of speech perception, verbal production, attention, 

affection and cognition (Vihman 1996).  

The MIPhI model has appropriately summarized the afore-mentioned findings of 

prosodies, sonorants and obstruents in IDS. Yet, a restrictive number of studies argue 

against the prediction, and compatibility, of the MIPhI model in obstruent realizations. 

For example, Baran, Zlatin Laufer & Daniloff (1977) did not find VOT differences in 

English stops between ADS and IDS directed to three one-year-olds. There were even 

twenty exemplars coming from each stop that demonstrated shorter VOT in IDS than 

in ADS. Englund (2005) investigated six Norwegian stops /p, t, k, b, d, g/ in ADS and 

IDS produced by six mothers in a longitudinal study lasting from infants’ birth to six 

months of age, reporting that, except for /p/, the remaining stops showed stable VOT 

over-specification across these months. Besides, previous studies of fricatives in IDS 

have not supported the MIPhI model, either. Englund & Behne (2006) explored the 

                                                 
6 The MIPhI model is conceptually similar to the Hyper & Hypo (H&H) theory (Linbolm 1990, 1992). 

In the H&H theory, speakers adjust articulatory efforts to a greater or lesser degree (hyper-articulation 

or hypo-articulation), relying on both speakers’ communicative intent and listeners’ perceptual needs. 

The concepts of hyper- and hypo-articulation between speaker and listener are changed into over- and 

under-specification in the mother-infant interaction in the MIPhI model. For more detailed discussion 

of the H&H theory, please see Sundberg (1998) and Englund & Behne (2006). 
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frication duration of /s/ in ADS and IDS produced by six Norwegian mothers in the 

first six months after their infants’ birth. They observed that /s/ in IDS was constantly 

over-specified in frication duration during this period, which deviates from what 

would be predicted by the MIPhI model. By comparing ADS with IDS directed to 14 

infants aged 4-6 months and to 25 infants aged 12-14 months, Cristiá (2009) explored 

the frequency distances of spectral peaks and the frequency overlaps between English 

/s, /. The results showed that spectral peaks of /s, / occurred at a significantly higher 

frequency in IDS than those in ADS in both infant groups, and /s, / also showed more 

frequency overlaps in IDS than in ADS.7 As far as the prediction of the MIPhI model 

is concerned, recent investigations on acoustic implementations of consonants in IDS 

give conflicting results. 

What’s worse, there remain several unknown issues about obstruents waiting for 

further IDS research. First, VOT is reported to be influenced by numerous factors. For 

example, stops’ places of articulation and following vowel contexts have an effect on 

stops’ VOT variation (see Section 2 for discussion), but such variation has not been 

sufficiently explored in IDS. If exaggeration and expansion are major characteristics 

in IDS, then how VOT varies according to different factors turns out to be attractive 

and requires scrutiny. Next, previous studies stressed segmental duration exclusively. 

Spectral realizations of obstruents are scarcely explored. Whether the spectral cues of 

obstruents are exaggerated or not calls for further examination. Third, earlier literature 

related to IDS obstruents put absolute duration into focus, ignoring the proportion of 

obstruent duration to syllable duration (O/S ratio). Vowels are prolonged in IDS (Kuhl 

et al. 1997), and are much easier to be prolonged than obstruents due to their different 

articulatory properties. How the O/S ratios change in IDS relative to ADS turns out to 

be attractive in testing the applicability of the MIPhI model. Probably, whether the 

MIPhI model is compatible or not should be explained from the O/S ratios rather than 

the absolute duration, for longer lengthening in vowels than in consonants will result 

in smaller O/S ratios, a realization of under-specification based on the MIPhI model. 

For these issues, more IDS obstruent research would be beneficial. The current study 

explores these issues in terms of the six oral stops in Hakka IDS and ADS produced 

by five mothers in a period of half a year after their infants’ birth.8  

                                                 
7 Nonetheless, by using a much larger corpus (23 infants aging 4-6 months and 32 infants aging 12-14 

months) than Cristiá (2009), Cristiá (2010) found that the acoustic implementations of English [s, ] in 

IDS were adjusted in terms of infants’ age, and supported the prediction of the MIPhI model. Definitely, 

phonetic enhancement was specific to speech addressed to 12-14-month-olds, but not 4-6-month-olds. 

The different results between the two studies might lie in that the latter study took into account several 

factors that may influence the interpretation of consonantal enhancement, such as the conceptualization 

of phonetic enhancement, age, segmental side effects of IDS prosody, and the corpus size. 
8 Hakka is the third largest dialect in Taiwan, and has five geographic/regional varieties (Sixian, Hailu, 

Dapu, Zhaoan & Raoping), among which Sixian Hakka is the most widely used one, and is the target of 

this study. Moreover, owing to different geographic locations and some minor linguistic differences, 
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2. Phonetic-acoustic correlates of stops: Voice onset time (VOT) and spectral 

 peak frequency 

 

This study aims at phonetically exploring oral stops in IDS compared with ADS, 

so reviewing relevant phonetic-acoustic correlates of stops is necessary. There are six 

voiceless stops in Hakka, occurring in three places (bilabial [p, ph], alveolar [t, th] and 

velar [k, kh]) and two manners (non-aspirated vs. aspirated). Articulatorily, producing 

stops requires that the airstream in the vocal tract be totally blocked and the closure be 

briefly held. Once the blockage is removed, the airstream suddenly escapes from the 

mouth. The time interval between the release burst of stops and the onset of vocal 

cold vibration is known as voice onset time (VOT) (Klatt 1975, Lisker & Abramson 

1964). As a temporal-acoustic measure, VOT can be affected by a number of factors, 

among which the most extensively-studied two are stops’ place of articulation (PoA) 

and following vowel context. As for PoA, there is a general pattern between stops’ 

PoAs and VOT lengths: the more posterior the occlusion point is, the longer the VOT 

value is. Lisker & Abramson (1964) and Cho & Ladefoged (1999) examined the stops 

in 11 and 18 languages, finding the VOT order of velars>alveolars>bilabials (where 

‘>’ means ‘longer than’).9 The intrinsic pattern of length difference in VOT results 

from the universal phonetic implementation rules conditioned by physiological 

constraints (Fischer-Jørgensen 1980). This VOT pattern is also verified in Hakka stops 

(Cheng 2013, Liang 2005, Peng 2009). 

VOT is also known to vary under different vowel contexts (e.g. Docherty 1992, 

Gósy 2001, Port & Rotunno 1979). As far as vowel height is concerned, stops before 

high vowels have longer VOT than those before low ones (Klatt 1975, Yavaş 2002). 

Such VOT variation is a cross-linguistically stable tendency, resulting from different 

opening degrees of the oral cavity in vowel production, and from the changes in 

laryngeal cartilage positioning and vocal fold and vocal tract tension (Higgins, Netsell 

& Schulte 1998). As for vowel frontness, the existing literature contained inconsistent 

results. Some research (e.g. Chao, Khattab & Chen 2006, Chen, Chao & Peng 2007) 

indicates no role of vowel frontness in VOT variation, while others (e.g. Gósy 2001, 

Rochet & Fei 1999) show that vowel frontness is a crucial factor for VOT.  

                                                                                                                                            
Sixian Hakka can be further divided into northern and southern Sixian Hakka. The former is distributed 

in Miaoli County and Taoyuan County, while the latter is in Kaohsiung City and Pingtong County. This 

study is based on northern Sixian Hakka in Miaoli County. 
9 To interpret VOT variation resulting from different articulatory positions, Cho & Ladefoged (1999) 

summarized six physiological/aerodynamic characteristics of speech production. These characteristics 

consist of (a) the volume of the cavity behind the point of constriction, (b) the volume of the cavity in 

front of the point of constriction, (c) movement of articulators, (d) extent of articulatory contact area, (e) 

change of glottal opening area, and (f) temporal adjustment between closure duration and VOT. For 

more elaborate accounts, please see Cho & Ladefoged (1999:209-213). For relevant discussion of VOT 

production, see Kent & Read (2002), Hixon, Weismer & Hoit (2008), Maddieson (1997), and Stevens 

(1998). 
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Besides VOT, another significant acoustic cue of stops is spectral peak frequencies 

(centralization areas of energy) of the release bursts. Stops produced in different PoAs 

have spectral peaks distributed in different frequency ranges: bilabials at 500~1500 

Hz, alveolars at over 4000 Hz, and velars at 1500~4000 Hz (see Kent & Read 2002, 

Tsao 1996, Wu & Lin 1989). Aspirated and nonaspirated stops display little spectral 

peak frequency difference (Jeng 2010:157). The spectral realizations of [ph, th, kh] in 

Hakka are shown in Figure 2. The spectral peak occurs at 712 Hz for [ph], at 6882 Hz 

for [th] and at 2174 Hz for [kh]. 

 

 
[ph] 

 
[th] 

 

[kh] 

Figure 2. Realizations of spectral peaks of [ph, th, kh] in Hakka 

 

The previous discussion illustrates the general patterns of stops’ VOT variation 

under different PoAs and following vowel contexts, and shows the spectral peak 

frequencies of stops produced in different PoAs. However, how these general patterns 

are realized in IDS is scarcely investigated. Does over-specification play a role in IDS 

and affect the general patterns of stops? If yes, are the exaggerated patterns in IDS 

similar to, or deviant from, those in ADS? Do the patterns gathered in IDS benefit or 

hinder infants’ acquisition of stops? This study intends to answer these questions. 

 

3. Method 

 

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

recording materials, experiment procedure, and acoustic and statistical analyses. 

 

3.1 Participants 

 

Five mother-infant dyads participated in this study. The age of the mothers ranged 

from 34 to 37 years (M = 35.4, SD = 1.14). The mothers were chosen on the basis of 

the following criteria: (a) they were native speakers of (Sixian) Hakka and residents of 

Miaoli County; (b) they spoke Sixian Hakka when interacting with their children and 

family; (c) they reported themselves to be the major caregivers for their infants; and 
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(d) all these dyads were free from physical, sensory, mental or linguistic disorders. 

 

3.2 Recording materials 

 

The recording materials used in this study included 18 commonly-used phrases, as 

in Table 1. The target stops appear with three corner vowels ([i, a, u]) in the first 

syllables. Having the first syllables as the target items can prevent vowels from 

over-lengthening. These phrases were constructed in the shape of 

C1V1C2(M)V2(G/N)(C3V3), where C1 and C2 excluded voiced consonants, so that the 

tonal movements were restricted to the nuclei of the first syllables, which would be 

helpful in vowel duration measurement. 

 

Table 1. Recording materials adopted in this study 

 [i] [a] [u] 

[p] pi24 ha11 ki24 ‘plane’ pa55 s31 ‘bus’ pu55 hai11 ‘shoes’ 

[t] ti11 tu24 ‘spider’ ta31 fo31 ki24 ‘lighter’ tu31 s31 ‘belly’ 

[k] ki24 hi55 in11 ‘robot’ ka11 pi24 ‘coffee’ ku24 ten31 ‘squat’ 

[ph] phi55 ku11 ‘nose’ pha24 fan55 ‘eat rice’ phu11 tho11 ‘grape’ 

[th] thi55 khiu11 ‘earth’ tha24 khu55 i31 ‘taxi’ thu55 e31 ‘rabbit’ 

[kh] khi24 ten31 ‘stand’ kha11 pa31 ‘bag’ khu31 ka24 ‘coolie’ 

 

3.3 Experimental procedure 

 

The mothers were visited before the speeches were recorded, and were introduced 

to the general purpose of this study. They were told that this research was targeted at 

long-term observation of mother-infant behavioral interaction instead of verbal 

interaction. After the introduction, the researcher gave them the recording materials so 

that they would understand the target phrases beforehand. Furthermore, the researcher 

also had them acquaint themselves with the digital sound recorder (SONY PCM-M10) 

and microphone, and gave them a simple introduction to these instruments. This 

would help reduce the mothers’ anxiety caused by unfamiliarity with the instruments. 

At the end of the visit, the researcher made an appointment for the first recording after 

their infants’ birth. Because sound recordings would be made once a month, and last 

for half a year, the next recording time would be set right after every recording had 

been done. Confirmation calls would be made to these mothers three days before the 

recordings.  

In formal sound recording sessions, the mothers were required to talk to their 

infants as they usually did when together. The dyads were left alone in quiet rooms in 

their homes, and were recorded for 15~20 minutes each time when their infants were 
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alert and content. To help the mothers with the production of the target items in IDS 

recordings, they were provided with labeled toys and pictures corresponding to the 

recording materials. In ADS recordings, the mothers and the researcher conversed 

about the toys and pictures. Topics relevant to the targets (e.g. the infant’s reaction to 

the toys) were used for eliciting ADS. The recording order between IDS and ADS 

might be changed, depending on the situation.10 

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

with target stops in them, were segmented from the original speech recordings. Words 

overlapping with conversation from the researcher, infants’ vocalizations or toy noise 

and those bearing invalid pitch contours were excluded. The first two clear tokens of 

each target for each mother in each month in both registers were digitally sampled for 

spectrographic analysis. The number of targets for analysis was 2160 (i.e. 5 mothers × 

18 syllables × 2 registers × 2 clear tokens × 6 months).  

 

3.4 Acoustic and statistical analysis 

 

The software adopted for acoustic analysis in this study was PRAAT (Boersma & 

Weenink 2009). For VOT duration, the segmented tokens were all manually measured 

by visual inspection and auditory perception with the assistance of oscillograms and 

(wideband) spectrograms. The beginnings and endings of VOT were defined by stops’ 

release bursts, and the start of waveform periodicity respectively (Francis, Ciocca & 

Yu 2003), with relevant cues functioning as supplementary reference, such as the start 

of the first and second formants of the following vowels.11 For vowel duration, the 

segmented tokens were manually measured as well, relying on oscillograms, vowel 

formants and pitches. The O/S ratios were calculated by having the measured VOT 

duration divided by the whole syllable duration. With relation to spectral peak 

frequency, stops’ release bursts on spectrograms were converted into spectrums 

through Fast Fourier Transformation (FFT) and Linear Prediction Coding (LPC) in 

PRAAT. The spectral peak frequencies of the target stops were gathered for statistical 

analysis. To assess intra-rater and inter-rater reliability, one-tenth speech samples were 

randomly selected and re-measured by the author and a research assistant. Pearson’s 

correlation coefficients displayed that all the measurements were positively correlated 

(all values of r > .85, p < .05). SPSS PASW 18.0 was used for statistical analysis, with 

a significant difference level set as p < .05 for all tests. 

                                                 
10 For other strategies of IDS collection, see Englund & Behne (2005) for a review. 
11 Different positioning references were adopted to demarcate the ending of VOT, such as the onset of 

formant 1 (Chao & Chen 2008), of formant 2 (Cho & Keating 2001), or of waveform periodicity  

(Port & Rotunno 1979, Whalen, Levitt & Goldstein 2007). Comparing the VOT measurements based 

on the aforementioned positioning references, Francis, Ciocca & Yu (2003) claimed that acoustic 

waveforms are the most reliable reference for VOT measurements. 
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4. Results 

 

This section shows the results of the quantitative data, and compares the acoustic 

behavior of stops between ADS and IDS through the factors under investigation. For 

explanatory convenience, the following discussion will be divided into three portions: 

VOT, spectral peak frequency of release bursts, and O/S ratio. The first two portions 

will first examine whether the involving factors show similar VOT tendencies in both 

registers, and second explore whether IDS is more exaggerated than ADS. 

 

4.1 Voice onset time (VOT) 

 

Voice onset time is the most significant acoustic cue in the distinction of voicing 

and aspiration in stops, and is the most extensively investigated consonantal feature in 

IDS research. However, how VOT varies according to factors such as PoAs, following 

vowel contexts, and their interaction is rarely explored. This is the major focus of the 

section. 

 

4.1.1 Place of articulation (PoA) 

 

The VOT means of stops pronounced in different PoAs, averaged over following 

vowel contexts and months, are presented in Table 2, along with standard deviations 

(SD), minimums (Min) and maximums (Max). 

As previously demonstrated, VOT tends to correlate with stops’ PoAs. The more 

posterior a stop’s PoA is, the longer the VOT will be. This tendency is also confirmed 

in both registers. In accord with the means in Table 2, velar stops are longer in VOT 

than alveolar stops, and alveolar stops have longer VOTs than bilabial stops. The only 

exception occurred between [th] and [ph]. In this study, [th] was slightly shorter in 

average VOT than [ph] in both registers, but their VOT difference did not reach a 

statistically significant level. Besides, when the position of oral constriction changes 

from the anterior to posterior part of the oral cavity, the VOT variability gradually 

increases in both registers. This can be observed by the increasing large SD values 

from bilabials, via alveolars, to velars. 
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Table 2. Means, standard deviations, minimums and maximums of VOT of 

Hakka stops produced in different PoAs in ADS and IDS (all values are in 

milliseconds) 

Speech Register Stops of Different PoAs Mean (ms) SD (ms) Min/Max (ms) 

ADS [p] 13.82 4.49 6.15/26.75 

[t] 14.69 5.22 6.40/31.2 

[k] 25.92 8.65 11.25/52.3 

[ph] 56.88 15.54 17.85/86.2 

[th] 54.76 15.57 24.65/92.4 

[kh] 69.93 19.06 37.40/118.2 

IDS [p] 15.03 4.91 7.35/31.2 

[t] 16.05 5.26 8.25/36.35 

[k] 28.10 9.83 12.60/52.3 

[ph] 65.96 16.57 26.15/106.2 

[th] 63.72 16.89 30.55/102.2 

[kh] 81.15 20.41 51.30/133.05 

 

To assess the effect of PoA on VOT in both registers, separate one-way ANOVAs 

were carried out, pointing out that the PoA effect upon stops’ VOT was significant in 

ADS/nonaspiration (F (2, 267) = 100.432, p < .05), ADS/aspiration (F (2, 267) = 

21.495, p < .05), IDS/nonaspiration (F (2, 267) = 95.932, p < .05), and IDS/aspiration 

(F (2, 267) = 24.854, p < .05). Post hoc least significant difference (LSD) multiple 

comparisons showed that significant differences appeared in [k-t], [k-p], [kh-th] and 

[kh-ph] in both registers (p < .05 for all cases). However, no significant difference in 

VOT existed in [t-p] and [th-ph] in both registers (p > .05 for all cases). To be specific, 

ADS and IDS maintained the same VOT hierarchy in terms of stops of different PoAs: 

[p]≒[t]<[k]<[ph]≒[th]<[kh] (where ‘≒’ means ‘approximate’). 

In relation to stops of different PoAs, separate one-way ANOVAs showed that IDS 

was more exaggerated in VOT than ADS in aspirated stops ([ph]: F (1, 178) = 14.346, 

p < .05; [th]: F (1, 178) = 13.693 p < .05; [kh]: F (1, 178) = 14.513, p < .05), but not in 

nonaspirated stops ([p]: F (1, 178) = 2.977, p > .05; [t]: F (1, 178) = 3.050, p > .05; 

[k]: F (1, 178) = 2.486, p > .05). To be definite, the VOT difference between 

nonaspirated and aspirated stop categories (i.e. [p-ph], [t-th] and [k-kh]) was expanded 

in IDS, compared with that in ADS. 

 

4.1.2 Following vowel context 

 

The data in Table 3 are the means, standard deviations, maximums and minimums 

of VOT produced in front of [i, a, u], averaged over stops of different PoAs and 
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months. According to the averages in Table 3, in both registers, stops’ VOT was the 

longest before [i] and shortest before [a] (i.e. [i]>[u]>[a]). Besides, the longer the 

VOT value was, the larger the VOT variability would be. 

 

Table 3. Means, standard deviations, minimums and maximums of stops’ VOT 

following [i, u, a] (all values are in milliseconds) 

Speech Register Vowel Mean (ms) SD (ms) Min/Max (ms) 

ADS  

Nonaspiration 

[i] 21.02 9.82 7.40/52.30 

[a] 13.33 5.22 6.15/26.40 

[u] 20.08 7.44 6.40/41.85 

 

Aspiration 

[i] 69.60 19.94 25.45/118.20 

[a] 49.87 13.71 17.85/88.35 

[u] 62.11 14.06 24.65/107.30 

IDS  

Nonaspiration 

[i] 22.72 10.45 9.25/52.30 

[a] 14.52 5.35 7.35/33.30 

[u] 21.95 8.72 8.95/47.55 

 

Aspiration 

[i] 79.53 22.55 26.15/133.05 

[a] 59.53 12.73 32.90/95.65 

[u] 71.78 16.80 32.65/127.75 

 

Separate one-way ANOVAs were used to evaluate the impact of following vowel 

contexts on VOT production in both registers. This factor was verified to show highly 

significant effects on VOT in ADS/nonaspiration (F (2, 267) = 26.551, p < .05), 

ADS/aspiration (F (2, 267) = 34.192, p < .05), IDS/nonaspiration (F (2, 267) = 25.920, 

p < .05) and IDS/aspiration (F (2, 267) = 28.807, p < .05). Post hoc LSD multiple 

comparisons indicated significant VOT differences in [i-a] and [u-a] of ADS and IDS 

of aspirated and nonaspirated stops, and [i-u] of IDS of aspirated and nonaspirated 

stops (p < .05 for all cases). No significant VOT difference was found in [i-u] of ADS 

(p > .05). The results showed that IDS slightly differed from ADS in the hierarchy of 

vowels (i.e. ADS: [i]≒[u]>[a]; IDS: [i]>[u]>[a]). 

As far as different vowels were concerned, separate one-way ANOVAs indicated 

that IDS was significantly longer in VOT than ADS in aspirated stops ([i]: F (1, 178) 

= 9.784, p < .05; [a]: F (1, 178) = 23.958, p < .05; [u]: F (1, 178) = 17.529, p < .05), 

but not in nonaspirated stops ([i]: F (1, 178) = 1.263, p > .05; [a]: F (1, 178) = 2.263, 

p > .05; [u]: F (1, 178) = 2.398, p > .05). Apparently, the VOT difference between 

nonaspirated and aspirated stop categories was enlarged in IDS relative to ADS. This 

finding was similar to the one observed in the factor of stops’ PoAs.  
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4.1.3 Place of articulation and following vowel context 

 

The VOT means of stops produced in different PoAs in interaction with different 

following vowels, averaged over months, are in Table 4, with standard deviations, 

minimums and maximums. The schematic representations in Figure 3 are for 

aspirated and nonaspirated stops. 

 

Table 4. Means, standard deviations, minimums and maximums of stops’ VOT in 

interaction of different PoAs and vowels (all values are in milliseconds) 

Stop Vowel 
Mean (ms) SD (ms) Min-Max (ms) 

ADS/IDS ADS/IDS ADS/IDS 

 

[p] 

[i] 14.01/15.18 3.00/2.99 7.40-21.10/9.25-21.30 

[a] 9.71/10.73 2.05/1.96 6.15-13.20/7.35-14.90 

[u] 17.75/19.19 3.90/4.93 7.55-26.75/11.55-31.20 

 

[t] 

[i] 17.86/19.47 5.76/6.22 8.90-31.20/11.50-36.35 

[a] 11.34/12.63 3.02/2.70 6.90-17.30/8.25-17.95 

[u] 14.89/16.08 4.41/3.84 6.40-22.65/8.95-25.65 

 

[k] 

[i] 31.20/33.51 9.22/ 9.86 13.50-52.30/17.55-52.30 

[a] 18.95/20.19 4.46/4.98 11.25-26.40/12.60-33.30 

[u] 27.62/30.60 6.54/8.55 15.80-41.85/15.80-47.55 

 

[ph] 

[i] 60.80/69.87 16.15/18.46 25.45-86.20/26.15-106.20 

[a] 47.74/59.14 15.99/14.19 17.85-81.55/32.90-88.45 

[u] 62.13/68.88 9.71/15.09 42.90-80.00/33.45-95.10 

 

[th] 

[i] 60.40/70.22 13.95/16.88 33.75-92.40/30.55-102.20 

[a] 44.79/52.69 10.83/9.65 29.80-83.95/35.65-74.30 

[u] 59.10/68.26 16.63/17.50 24.65-84.95/32.65-101.45 

 

[kh] 

[i] 87.61/98.49 16.17/19.40 59.90-118.20/72.75-133.05 

[a] 57.08/66.76 10.90/10.03 37.40-88.35/51.60-95.65 

[u] 65.11/78.21 14.73/16.36 45.60-107.30/51.30-127.75 

 

Two-factor repeated measures ANOVAs were used to examine the interaction of 

the two factors in aspirated and nonaspirated stops in both registers. It was found that 

there were highly significant interactive impacts in ADS/nonaspiration (vowel: F (2, 

261) = 154.896, p < .05; PoA: F (2, 261) = 59.852, p < .05; interaction: F (4, 261) = 

11.945, p < .05), ADS/aspiration (vowel: F (2, 261) = 30.412, p < .05; PoA: F (2, 261) 

= 44.713, p < .05; interaction: F (4, 261) = 6.834, p < .05), IDS/nonaspiration (vowel: 

F (2, 261) = 145.758, p < .05; PoA: F (2, 261) = 56.678, p < .05; interaction: F (4, 

261) = 7.83, p < .05) and IDS/aspiration (vowel: F (2, 261) = 33.108, p < .05; PoA: F 

(2, 261) = 37.44, p < .05; interaction: F (4, 261) = 4.95, p < .05). The interaction 
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between stops’ PoA and following vowel contexts was obvious in the VOT production 

of stops in both registers. More posterior stops plus closer vowels led to longer VOTs. 

 

a. Nonaspirated Stops b. Aspirated Stops 

  

  

  

Figure 3. VOT of stops before [i, a, u] in ADS and IDS 

 

The following discussion is separated into vowels and stops. In terms of vowels, 

the VOT sequences of all Hakka stops were in Table 5, along with the statistical 

results of separate one-way ANOVAs showing a highly significant PoA effect for each 

vowel in both registers (p < .05 for all cases). Post hoc LSD multiple comparisons 

pointed out that [p-k], [t-k], [ph-kh] and [th-kh] in both registers for [i, a, u], and [ph-th] 
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in IDS for [a] differed significantly from each other in VOT (p < .05 for all cases). No 

significant VOT differences were observed in [p-t] in both registers for [i, a, u] and 

[ph-th] in IDS for [i, u]. Apparently, the VOT sequence of [p, t, k] for [i, a, u] was 

identical in both registers (i.e. [p]≒[t]<[k]). For [ph, th, kh], there existed two different 

VOT sequences for [i, a, u] in both registers (i.e. [ph]≒[th]<[kh] (5/6 = 83.33%) and 

[ph]<[th]<[kh] (1/6 = 16.67%)). Overall, the VOT sequence of stops before [i, a, u] 

remained similar in both registers.  

 

Table 5. VOT orders of stops before [i, a, u] in ADS and IDS 

Vowel ADS IDS 

[i] 

[p]≒[t]<[k]<[ph]≒[th]<[kh] 

(F (5, 179) = 178.572, p < .05) 

[p]≒[t]<[k]<[ph]≒[th]<[kh] 

(F (5, 179) = 174.554, p < .05) 

[a] 

 [p]≒[t]<[k]<[ph]≒[th]<[kh] 

(F (5, 179) = 146.222, p < .05) 

 [p]≒[t]<[k]<[ph]<[th]<[kh] 

(F (5, 179) = 265.969, p < .05) 

[u] 

 [p]≒[t]<[k]<[ph]≒[th]<[kh] 

(F (5, 179) = 265.969, p < .05) 

 [p]≒[t]<[k]<[ph]≒[th]<[kh] 

(F (5, 179) = 153.691, p < .05) 

 

For stops, the VOT orders of the three vowels are shown in Table 6, along with the 

statistic results of separate one-way ANOVAs, which show a highly significant effect 

of following vowel contexts for all stops in both registers (p < .05 for all cases). Post 

hoc LSD multiple comparisons showed that most vowel pairs arrived at significant 

differences in VOT (p < .05 for these cases), except [i-u] in [k, ph, th] in either register 

(ADS/[k]: p > .05; ADS/[ph]: p > .05 ; ADS/[th]: p > .05; IDS/[k]: p > .05 ; IDS/[ph]: p 

> .05; IDS/[th]: p > .05).  

 

Table 6. Vowel orders for each stop’s VOT in ADS and IDS 

Stop Speech Register Vowel Order Statistics of One-Way ANOVA 

[p] 
ADS [u]>[i]>[a] F (2, 87) = 51.102, p < .05 

IDS [u]>[i]>[a] F (2, 87) = 43.297, p < .05 

[t] 
ADS [i]>[u]>[a] F (2, 87) = 15.501, p < .05 

IDS [i]>[u]>[a] F (2, 87) = 17.330, p < .05 

[k] 
ADS [i]≒[u]>[a] F (2, 87) = 24.159, p < .05 

IDS [i]≒[u]>[a] F (2, 87) = 22.569, p < .05 

[ph] 
ADS [i]≒[u]>[a] F (2, 87) = 9.307, p < .05 

IDS [i]≒[u]>[a] F (2, 87) = 4.110, p < .05 

[th] 
ADS [i]≒[u]>[a] F (2, 87) = 11.475, p < .05 

IDS [i]≒[u]>[a] F (2, 87) = 12.123, p < .05 

[kh] 
ADS [i]>[u]>[a] F (2, 87) = 37.708, p < .05 

IDS [i]>[u]>[a] F (2, 87) = 26.280, p < .05 
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Based on Table 6, three different VOT orders came out, [i]≒[u]>[a], [i]>[u]>[a] 

and [u]>[i]>[a]. The first two orders follow the cross-linguistic tendency that stops in 

front of high vowels have longer VOT than those before low vowels; however, the last 

one only occurred in [p], and may result from the co-articulation effect between labial 

stops and rounded vowels. The details appear in Section 5. 

 

4.2 Spectral peak frequency 

 

The means of spectral peak frequencies for Hakka stops in three PoAs, averaging 

over following vowel contexts, months and aspiration, are illustrated in Table 7, along 

with standard deviations, maximums and minimums.  

 

Table 7. Means, standard deviations, minimums and maximums of spectral peak 

frequencies for Hakka stops in ADS and IDS (all values are in Hertz) 

Speech Register Stops of Different PoAs Mean (Hz) SD (Hz) Min/Max (Hz) 

 

ADS 

Bilabials: [p]/[ph] 1623 457 519/2700 

Alveolars: [t]/[th] 4994 1031  2316/9786 

Velars: [k]/[kh] 2159  1132 648/4816 

 

IDS 

Bilabials: [p]/[ph] 1872 438 842/3074 

Alveolars: [t]/[th] 5811 1444 2551/10521 

Velars: [k]/[kh] 2370 1295 383/6269 

     

As far as individual speech registers were concerned, separate one-way ANOVAs 

illustrated that there were significant differences in stops’ spectral peak frequencies in 

ADS (F (2, 537) = 693.164, p < .05) and IDS (F (2, 537) = 627.675, p < .05). Post hoc 

LSD multiple comparisons showed significant frequency differences in [p-t], [t-k] and 

[p-k] and [ph-th], [th-kh] and [ph-kh] for ADS and IDS (p < .05 for all cases). Precisely, 

stops in both registers could be well distinguished from one another by spectral peak 

frequencies. Furthermore, the same spectral order among stops of different PoAs was 

maintained in both registers (i.e. alveolars>velars>bilabials).  

In terms of stops of different PoAs, separate one-way ANOVAs showed that IDS 

was more exaggerated than ADS in terms of spectral peak frequencies of [p/ph] (F (1, 

358) = 27.760, p < .05) and [t/th] (F (1, 358) = 38.196, p < .05), but not in [k/kh] (F (1, 

358) = 2.711, p > .05). To be specific, IDS was more expanded in terms of spectral 

peak frequencies than ADS in [p/ph] and [t/th] rather than [k/kh]. Nonetheless, [k/kh]’s 

non-significant spectral difference might result from the inconsideration of following 

vowel contexts. In fact, when following vowel contexts were taken into consideration, 

the difference of spectral peak frequencies did emerge in [k/kh] between ADS and IDS. 

Figure 4 illustrates stops’ realizations of spectral peak frequencies in interaction with 
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following vowel contexts. Separate one-way ANOVAs were conducted, showing that 

stops of different PoAs in IDS had longer VOTs than those in ADS in all following 

vowel contexts ([p/phi]: F (1, 118) = 10.592, p < .05; [p/pha]: F (1, 118) = 9.679, p 

< .05; [p/phu]: F (1, 118) = 15.830, p < .05; [t/thi]: F (1, 118) = 19.154, p < .05; [t/tha]: 

F (1, 118) = 16.855, p < .05; [t/thu]: F (1, 118) = 8.716, p < .05; [k/khi]: F (1, 118) = 

13.653, p < .05; [k/kha]: F (1, 118) = 4.880, p < .05; [k/khu]: F (1, 118) = 7.872, p 

< .05). Precisely, the expansion and exaggeration of stops’ spectral peak frequencies 

appeared in stops of different PoAs and in all vowel contexts in IDS relative to ADS. 

 

  

 

 

Figure 4. Spectral peak frequencies of stops before [i, a, u] in ADS and IDS 

 

4.3 Obstruent/Syllable (O/S) ratio 

 

The mean O/S ratios for all the six Hakka stops, averaged over following vowel 

contexts and months, are listed in Table 8, along with standard deviations, minimums 

and maximums.  

According to Table 8, all other stops displayed larger mean O/S ratios in ADS than 

in IDS, except [th]. Separate one-way ANOVAs were used to evaluate whether the O/S 

ratio difference between ADS and IDS for each stop was statistically significant. The 

results indicated that only [p] showed a significant O/S ratio difference between ADS 
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and IDS (F (1, 178) = 4.065, p < .05). No significant O/S ratio differences were 

observed in the remaining stops across the two registers. Generally, the O/S ratios in 

IDS were not larger than those in ADS. 

 

Table 8. Means, standard deviations, minimums and maximums of the O/S ratios 

for all Hakka stops in ADS and IDS 

Different PoA Stop Speech Register Mean SD Min/Max 

[p] 
ADS 0.1070  0.04087 0.04/0.22 

IDS 0.0946 0.04192 0.03/0.29 

[t] 
ADS 0.1062 0.04418 0.04/0.30 

IDS 0.0988 0.03222 0.04/0.20 

[k] 
ADS 0.1711  0.06760 0.07/0.38 

IDS 0.1646 0.06439 0.07/0.37 

[ph] 
ADS 0.3132 0.09283 0.11/0.51 

IDS 0.3087 0.08775 0.13/0.56 

[th] 
ADS 0.3229 0.07363 0.11/0.50 

IDS 0.3351 0.08108 0.18/0.54 

[kh] 
ADS 0.3914 0.10522 0.20/0.67 

IDS 0.3846 0.10588 0.16/0.67 

Table 9. Means, standard deviations, minimums and maximums of the O/S ratios 

for all Hakka stops before [i, a, u] in ADS and IDS 

Stop of  

Different PoAs Vowel 

Mean 

ADS/IDS 

SD 

ADS/IDS 

Min 

ADS/IDS 

Max  

ADS/IDS 

[p] 

[i] 0.128/0.112 0.031/0.03 0.05/0.05 0.19/0.15 

[a] 0.07/0.06 0.021/0.018 0.04/0.03 0.13/0.11 

[u] 0.127/0.115 0.034/0.043 0.06/0.05 0.22/0.29 

[t] 

[i] 0.113/0.109 0.037/0.032 0.06/0.05 0.20/0.19 

[a] 0.091/0.081 0.051/0.021 0.05/0.04 0.30/0.13 

[u] 0.114/0.107 0.041/0.034 0.04/0.06 0.19/0.20 

[k] 

[i] 0.201/0.183 0.064/0.062 0.09/0.10 0.34/0.30 

[a] 0.107/0.116 0.028/0.033 0.07/0.07 0.17/0.21 

[u] 0.205/0.195 0.054/0.064 0.11/0.09 0.38/0.37 

[ph] 

[i] 0.353/0.357 0.075/0.083 0.17/0.14 0.50/0.47 

[a] 0.232/0.258 0.063/0.050 0.11/0.15 0.34/0.35 

[u] 0.355/0.311 0.081/0.095 0.13/0.13 0.51/0.56 

 

[th] 

[i] 0.324/0.317 0.066/0.081 0.16/0.18 0.44/0.54 

[a] 0.338/0.375 0.061/0.074 0.25/0.22 0.50/0.51 

[u] 0.307/0.313 0.089/0.076 0.11/0.18 0.49/0.50 

 

[kh] 

[i] 0.492/0.471 0.093/0.091 0.32/0.31 0.67/0.67 

[a] 0.303/0.316 0.046/0.072 0.20/0.16 0.42/0.45 

[u] 0.379/0.367 0.067/0.089 0.26/0.24 0.51/0.59 
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The same tendency, that IDS was not larger than ADS in terms of the O/S ratios, 

was also observable when different following vowel contexts were taken into account, 

as shown in Table 9 and Figure 5. In spite of the fact that the O/S ratios of ADS were 

significantly longer than those of IDS in [pa] (F (1, 58) = 4.096, p < .05) and [tha] (F 

(1, 58) = 4.397, p < .05), the O/S ratios of the remaining stop-vowel pairs in both 

registers did not show a significant difference. 

 

a. Nonaspirated Stops b. Aspirated Stops 

  

  

  

Figure 5. Obstruent/Syllable ratios of stops before [i, a, u] in ADS and IDS 
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5. General discussion 

 

Phonetic enhancement of vowels and intonations/tones has been widely observed 

and gained extensive support in IDS literature. Comparatively, consonants in IDS 

have received little attention. This is why the present study focuses on six oral stops in 

Hakka and attempts to explore, on the one hand, whether exaggeration appears in 

VOT and spectral peak frequency of stops’ release bursts between ADS and IDS, and, 

on the other hand, how VOT varies according to different affecting factors. Moreover, 

this study takes the O/S ratio into consideration, a little-discussed aspect in previous 

IDS literature. The following discussion will be separated into three sections based on 

the research questions stated in Section 2. This study will not only provide answers to 

the research questions, but also offer explanations to the research findings.  

 

5.1 Voice onset time (VOT) 

 

For VOT, this study shows that, no matter which factor (PoA or following vowel 

context) was taken into consideration, IDS had longer VOT than ADS in aspirated 

stops, but not in nonaspirated stops. Specifically, instead of making all stops’ VOT 

longer in IDS, only aspirated stops were prolonged. This results in an expanding 

difference in VOT between aspirated and nonaspirated stops in IDS, when compared 

to ADS. Furthermore, the current finding is also different form that of Sundberg & 

Lacerda (1999), the latter of which reported more VOT overlaps between 

voiceless/voiced stop categories in IDS. The upward VOT expansion in IDS aspirated 

stops makes them acoustically more distinguishable from nonaspirated stops, which 

might have the effect of facilitating infants’ perception of the two categories. A 

well-separated difference in VOT between aspirated and nonaspirated categories in 

IDS will, directly, facilitate phonetic categorization, and, indirectly, maximize the 

learnability of stops for infants. Moreover, this supports IDS as a form of 

‘clear/hyperarticulated speech’, for VOT expansion in aspirated stops augments 

phonetic contrasts between different categories without changing the abstract 

phonological system. Above all, enhancing VOT merely in aspirated stops illustrates 

that “the adults’ phonetic adaptations appear to reflect a selective strategy of 

presenting linguistic structure … attractive and functional for the infants (Sundberg 

1998:3).” More interestingly, elaborate VOT modification made by mothers can be 

evidenced from the cross-linguistic VOT tendencies in the factorial interaction 

between PoA and following vowel context, as stated in Section 2. Below, both factors 

will be discussed. 
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5.1.1 The factor of stops’ place of articulation 

 

In terms of the PoA factor, because of the physiological/aerodynamic constraints 

in speech production (Cho & Ladefoged 1999), an intrinsic pattern between PoA and 

VOT exists cross-linguistically (i.e. bilabials ≦ alveolars＜velars). No matter which 

vowel contexts are taken into consideration, this pattern is attested in both registers, in 

accord with the VOT averages in Table 3. Statistical analysis indicates that the length 

orders of VOT are almost the same in both registers. For nonaspirated stops, one 

single sequence [p]≒[t]<[k] emerges, where the VOT difference in [p, t] was not 

statistically significant in both registers. This phenomenon may result from close 

articulatory positions and, thus, the approximate VOTs of [p, t]. Moreover, lack of 

mothers’ VOT expansion in nonaspirated stops in IDS may help maintain the VOT 

order. For aspirated stops, two sequences of VOT surface: [ph]≒[th]<[kh] (5 cases out 

of 6) and [ph]<[th]<[kh] (1 case). Regardless of the mothers’ VOT expansion in IDS 

aspirated stops, the VOT sequences remain similar in both registers, if not identical.12 

Instead of adjusting IDS’ phonetic contents randomly, the mothers in this study not 

only ‘strategically’ select the stop categories to be exaggerated, but ‘subconsciously’ 

follow the cross-linguistic pattern of intrinsic VOT length found in ADS. In general, 

the VOT pattern of stops in IDS is not distorted at all, and benefits infants’ acquisition 

of these stops and different stop categories. 

 

5.1.2 The factor of following vowel context of stops 

 

Regarding the factor of following vowel context, three VOT orders appear; they 

are [i]≒[u]>[a] (for [k, ph, th]), [i]>[u]>[a] (for [t, kh]), and [u]>[i]>[a] (for [p]) for 

both registers. No matter which stops are considered, [a] consistently exists at the 

bottom of all VOT orders. As previously stated, when stops in anticipation of low 

vowels are uttered, the airstream escaping from the oral cavity becomes relatively fast, 

so the release of the airstream (i.e. VOT) is shortened. This explains [a]’s low ranking 

in all hierarchies. The VOT orders between [i] and [u], however, are pretty interesting 

(i.e. [i]≒[u], [i]>[u], and [u]>[i]). To account for how and why these orders emerge in 

both speech registers calls for a general account of vowel height difference between [i] 

and [u]. [i] and [u] are traditionally depicted as high vowels. However, as expressed in 

Ladefoged (2001), vowels specified as [+high] may not have an equal tongue height 

in actual vowel production, usually with front vowels higher than their corresponding 

                                                 
12 Similar to [p]≒[t], [ph]≒[th] may result from their close occlusion points to each other. Nonetheless, 

the small difference in articulatory positions and VOTs between [ph] and [th] in ADS may be expanded 

in IDS, therefore resulting in [ph]<[th]. For more discussion of VOT in Hakka, see Cheng (2013). 
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back ones.13 Accordingly, if the tongue height difference between [i] and [u] reaches 

the significant difference level, [i]>[u] occurs; if not, [i]≒[u] results. The two orders, 

reasonably, account for most cases in both registers. However, [u]>[i] seems to be 

extraordinary, for it merely appears in [p]. In fact, the sequence change from [i]≒[u] 

and [i]>[u] to [u]>[i] results from the fact that the tongue height difference in [i/u] is 

counterbalanced by lip protrusion (or lip rounding) of [u]. In the production of [u], the 

vocal tract is lengthened on account of lip protrusion, so the release of the airstream is 

prolonged.14 The influence of [u]’s lip protrusion on VOT is especially apparent for a 

bilabial stop with a short VOT, like [p] (i.e. [pu]>[pi]), due to the co-articulation effect. 

For stops which are not bilabial or have long VOT, the impact of [u]’s lip protrusion 

will be overridden by that of stops’ PoA difference or [i/u]’s tongue height difference. 

All in all, IDS and ADS display almost identical VOT order in terms of tongue height 

difference of following vowels. 

 

5.2 Spectral peak frequency of stops 

 

In terms of the peak frequencies of stops’ release bursts, the spectral order among 

stops of different PoAs was identical in both registers (i.e. alveolars>velars>bilabials). 

Nonetheless, stops of different PoAs illustrated higher peak frequencies in IDS than in 

ADS, particularly in consideration of following vowel context, as shown in Figure 4. 

Irrespective of the upward expansion of spectral peak frequencies in IDS, stops of 

different PoAs remained spectrally distinguishable from one another. Apparently, this 

illustrates that the mothers adjusted the spectral contents of stops without distorting 

the spectral pattern intrinsically presented in stops of different PoAs, a phenomenon 

similar to the maintenance of the VOT pattern between aspirated and nonaspirated 

stop categories. 

To sum up, the discussion in Sections 5.1 and 5.2 illustrates a couple of significant 

findings. First of all, this study is in agreement with earlier phonetic investigations in 

IDS (e.g. Englund & Benhe 2005, Kuhl et al. 1997, Liu et al. 2003 for vowels; Cheng 

& Chang 2014, Liu, Tsao & Kuhl 2007, Xu 2008 for tones; Cristià 2009, 2010 for 

consonants), for IDS offers clear and prominent input which is easily distinguished 

and perceivable. For instance, expanding cross-category distance/space of 

vowels/tones increases the phonetic distinctness of the involved units, and makes 

                                                 
13 The tongue height difference in [i] and [u] is also supported across languages. In his investigation of 

the first formant (F1) of [i] and [u] in 30 languages, de Boer (2010) reported that the mean F1 values 

were higher in [u] than in [i] in 29 languages. The F1 values of vowels are known to be inversely 

related to tongue height, with open and close vowels having high and low F1 values respectively. As a 

result, [i] is produced with a higher tongue position than [u]. This phenomenon is also confirmed by 

Cheng’s (2012) acoustical exploration of the distribution of Hakka monophthongs produced by 18 male 

and 18 female adults. 
14 See Daniloff & Moll (1968) for more discussion on co-articulation of lip rounding. 
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them more linguistically contrasted, more perceptually salient, and more practically 

learnable for infants. Likewise, the VOT distinction between aspirated and 

nonaspirated categories increases the saliency of cross-category perceptual distance, 

which establishes a solid foundation for infants with limited cognitive and linguistic 

capabilities to step into the complexities of language learning through speech clarity.  

Second, this study disagrees with the prediction of phonetic under-specification of 

Sundberg’s (1998) MIPhI model. Aspirated stops’ VOT and spectral peak frequencies 

of stops were both over-specified in IDS. Regardless of the fact that no VOT 

over-specification was observable in nonaspirated stops, the increasing acoustic 

distance between aspirated and nonaspirated categories in IDS can also be viewed as a 

type of over-specification compared with that in ADS. Therefore, the results of this 

study invite adjustments to the MIPhI model.  

Third, this study also differs from Englund (2005), which found that, except for 

[p], Norwegian stops in IDS were over-specified for VOT values during the first six 

months after birth. She stated that the over-specified VOT in IDS stops enhanced the 

auditory and visual dimensions of speech to assist infants’ language acquisition, for 

“temporal cues are perceptually more robust for infants than non-temporal cues 

(Englund 2005:2).”  

This study agrees with the robust role functioned by temporal cues, but has a very 

different interpretation from Englund (2005). In this study, the mothers exaggerated 

the VOT difference between aspirated and nonaspirated stop categories, instead of 

making all stops’ VOTs long. In other words, the robustness of temporal cues for 

infants ought to be examined based on perceptual contrast within cross-category 

VOTs rather than on stops’ absolute VOT duration. This study sided with the concept 

of perceptually-based “phonetic enhancement” in IDS research, detailed later.  

Fourth, phonetic exaggeration occurred in IDS, but the intrinsic temporal or 

spectral pattern of stops was not distorted at all, implying a crucial notion that stability 

resides in variability. To be specific, variability in IDS is pattern-systematic, enabling 

infants not only to perceive different stops accurately, but also to acquire them with 

ease. Hence, this study followed prior IDS literature (Englund 2005, Liu, Tsao & Kuhl 

2007, Sundberg 2001, Werker et al. 2007) that IDS might serve to facilitate infants’ 

and children’ language acquisition. 

 

5.3 Obstruent/Syllable ratio 

 

Concerning the O/S ratios, little research has been devoted to verifying this issue 

between ADS and IDS. Most previous research in IDS shed light on absolute VOT 

duration, neglecting the fact that onset and rime should occupy proper percentages in 
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syllables (Shi 2008). Improper onset-rime percentages will give rise to queer syllables. 

Besides, Liu & Tsao (1996) indicated that proper onset-rime percentages contribute 

greatly to speech clarity.15 Because of this, instead of focusing merely on segments, 

attention should be paid to the realization of onset-rime percentages within syllables 

in ADS and IDS. This study has found that the O/S ratios in IDS were not larger than 

those in ADS, but no significant difference appeared in the statistical comparison of 

the ratios between ADS and IDS. This finding does reflect the difference between 

vowels and consonants. Vowels are exhibited to be lengthened in IDS (e.g. Bernstein 

Ratner 1986, Englund & Behne 2005, Kuhl et al. 1997), and are much easier to be so 

than obstruents because of their distinct articulatory characteristics (e.g. airstream 

obstruction). The fact that both vowels and consonants are prolonged also accounts 

for the slower speech rate in IDS compared with ADS. Moreover, keeping proper 

onset-rime percentages within syllables in IDS contributes to language acquisition. In 

other words, the proportional exaggeration from ADS to IDS is beneficial for infants 

to acquire accurate onset-rime patterns within syllables. This supports that phonetic 

alternations are less chaotic than systematic in IDS, and suggests that future IDS 

studies ought to consider the syllable level. 

The final issue worthy of discussion is the concept of “phonetic enhancement” in 

IDS. So far, there are two views of phonetic enhancement in the IDS literature related 

to consonants. One viewpoint argues for phonetic enhancement as long as consonants 

are exaggerated along the temporal dimension. Most IDS consonantal research 

supports this viewpoint (e.g. Englund 2005, Englund & Benhe 2006, Sundberg 2001, 

Sundberg & Lacerda 1999). However, the view does not take into account whether the 

involving features are perceptually relevant and/or contrastive for the sounds within a 

specific category. For example, the lengthening of /s/ in English IDS may be regarded 

as an enhancement (Englund & Benhe 2006), in spite of the fact that frication duration 

seems not to be a distinctive feature of /s/ itself or a contrasting feature showing /s/ to 

be different from other English fricatives. The other viewpoint holds that phonetic 

enhancement of consonantal categories appears on perceptually relevant dimensions. 

For example, investigating phonetic realizations of English [s, ] between ADS and 

IDS, Cristià (2009, 2010) focused on fricatives’ spectral rather than temporal cues, for 

the former was more crucial to the distinction of English fricatives than the latter. 

Kang & Guion (2008) also indicated that speakers expand consonantal contrasts by 

the features they depend upon to discriminate contrastive sounds. In line with this 

reasoning, this study supports the perceptual definition of phonetic enhancement. This 

is because VOT has long been identified as a reliable perceptual cue in the distinction 

                                                 
15 Being unable to handle the proper onset-rime percentages in syllables usually gives rise to learning 

problems when foreigners learn Chinese as a second or foreign language (e.g. Cai & Zhao 2002,  

Chung & Shi 2009, Lin & Wang 2005, Wen, Ran & Shi 2009, Zhuang & Guan 2009). 
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of stops. Instead of making all stops long, only aspirated stops were found to be 

exaggerated in VOT. Such enlarged cross-category VOT distance in IDS is a direct 

manifestation and implementation of clear speech (Bond & Moore 1994), which 

might positively influence infants’ perception of different stops and facilitate language 

acquisition. 

 

6. Conclusion 

 

This study investigated the phonetic-acoustic difference of Hakka stops directed to 

infants, and the contribution of the cross-register difference to language acquisition. It 

has found that there are systematic acoustic-phonetic modifications in the production 

of stops in Hakka IDS. Stops in IDS were more expanded in VOT and spectral peak 

frequency than those in ADS. In line with earlier IDS studies in vowels (e.g. Kuhl et 

al. 1997, Liu, Kuhl & Tsao 2003) and tones (e.g. Cheng & Chang 2014, Liu, Tsao & 

Kuhl 2007), this study also elucidated that IDS provides well-specified information of 

stops that form building blocks for infants’ consonantal acquisition. In spite of the 

expansion in IDS, the temporal and spectral patterns of stops were far from distorted 

in IDS, and the O/S ratios were kept identical or similar between ADS and IDS. 

Perceptual enhancement and clarification of stops’ phonetic-acoustic cues in IDS also 

contributed to infants’ acquisition of stops. Obviously, all the observations suggest 

that the mothers systematically made modifications in IDS, even if they were always 

not conscious or “subconscious” of how they performed IDS. Additionally, this study 

responded negatively to Chomsky’s characterization of linguistic input as being 

degenerate and under-specified in quality, and positively to the significance of 

linguistic environment around infants and children. Briefly speaking, this study not 

only led to complementing IDS studies in consonants, but also triggered a far deeper 

understanding of how stops were phonetically realized in IDS as compared to ADS, 

and how the phonetic behavior in IDS stops might benefit language acquisition. 

There are still a couple of issues in need of further research. First, as infants grow 

and develop, caregivers change the contents and style of IDS. This reflects caregivers’ 

continual sensitivity to infants’ communicative or linguistic needs (Cross 1977, Snow 

1972, 1995). Nonetheless, this study only focuses on the first six months after birth. 

How mothers adjust the phonetic contents of stops in IDS and how IDS approaches 

ADS after infants’ first half year are unknown and further observation of this dynamic 

process is required. 

Second, to date, the majority of current studies of consonants in IDS focus on 

stops, so relatively little attention has been paid to such obstruents as fricatives and 

affricates. Given that fricatives can be largely distinguished by spectral cues and that 
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affricates consist of acoustic cues of stops and fricatives, studies of both fricatives and 

affricates in IDS would help not only show their exaggeration in the temporal and 

spectral dimensions, but also test the applicability of temporally-based or 

perceptually-based phonetic enhancement.  

Third, Hakka is a tonal language of six citation tones which can be separated into 

two groups, checked tones and non-checked tones. The former appear in syllables 

closed by [p, t, k] codas, while the latter appear in the remaining permissible syllables. 

On account of the [p, t, k] codas, checked-tone syllables are usually produced with 

shortened syllable duration. How the shortened duration affects the phonetic 

realizations of consonants and vowels is an appealing issue. Are vowels and 

consonants proportionally shortened in IDS checked-tone syllables? Or do the 

different articulatory characteristics between vowels and consonants cause different 

shortening degrees in IDS? To my knowledge, except for Cheng & Chang (2014), the 

phonetic behavior of checked tones in IDS has been rarely investigated and needs 

further research.  
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 客語成人語與兒向語的塞音語音差異探索 

鄭明中 

國立聯合大學 
 

本研究旨在探討客語六個塞音[p, t, k, ph, th, kh]在成人語與兒向語

中的語音表現差異是否對嬰兒的塞音習得有所助益。本研究的參與者

包括五組母嬰配對。本研究所使用的成人語與兒向語語料，從嬰兒一

個月大開始錄製，進行到嬰兒六個月大為止，每月錄音一次，為期半

年。本研究所探討的塞音聲學參數包括濁音起始時間（VOT）、衝直條

能量集中頻率區（以下簡稱強頻區）、以及輔音對音節長度比值（以下

簡稱音節比），並採用 PRAAT 對語音進行切音與測量的工作。本研究

結果如下：第一，不論塞音發音部位（雙唇、齒齦、軟顎）或後接元

音（[i, a, u]）的差異，兒向語在送氣塞音的 VOT 上比成人語顯著來得

長，但兩種語體在不送氣塞音的 VOT 上並沒有顯著的長短差異。兒向

語裡送氣塞音與不送氣塞音的 VOT 差異擴大，有助於提升語音範疇化，

促進語音可學性。第二，與成人語相比，兒向語裡不同發音部位的塞

音（[p/ph], [t/th], [k/kh]）的強頻區都呈現顯著擴張，但是兩種語體中不

同發音部位塞音都還是保持彼此之間在頻率上的顯著區別。整體而言，

兒向語裡 VOT 及強頻區的變化維持著「變（化）中有（穩）定」，亦

即兒向語中的語音擴張並不影響原先塞音在 VOT 及頻率上所呈現的

語音分布格局。第三，就音節比而言，兒向語的比值均不大於成人語。

這樣的結果，除了可以說明元音與輔音之間在發音上的本質差異之外，

更可以顯示出維持適當的聲韻比例在語言習得中的重要角色。最後、

本研究支持兒向語輔音研究中以感知為本的「語音提升」概念。總得

來說，整體研究結果顯示，母親們系統性與技巧性地調整客語兒向語

塞音的語音內容，這樣的調整無疑地有助於嬰兒對於塞音的習得。 

 

關鍵詞：兒向語、成人語、客家話、塞音、濁音起始時間  


