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This study investigated VOT of word-initial Japanese and Mandarin stops produced 

by Mandarin-Japanese bilingual children in order to observe bilinguals’ phonetic systems. 
Examination of Japanese and Mandarin stop productions at the same articulation points in 
bilingual children aged three to six years old revealed important findings: (i) They tended 
to lengthen VOT values at the age of four and five in Japanese stop production, and at the 
age of five in Mandarin; and (ii) They maintained phonetic contrast in three VOT 
categories in their two languages: a) voiced stops in Japanese/unaspirated stops in 
Mandarin, b) voiceless stops in Japanese, and c) aspirated stops in Mandarin. These VOT 
patterns lend credibility to the idea that early bilingual children develop distinct Japanese 
and Mandarin phonetic systems, while showing cross-linguistic influence in each 
language. The findings of this study could provide a better understanding of the 
phonological representation in early bilinguals. 
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1. Introduction 

 

A long-standing question in relation to bilingual studies is whether bilinguals 

possess distinct phonetic systems across languages, that is, a “bilingual storage of 

language” as a reproduction of the monolingual conceptual representation, or whether 

there are two symmetrical or asymmetrical linguistic representations (Matras 2009). 

Several different models of cross-linguistic speech have been developed in order to 

account for the organization of the phonetic system in second language (L2) and 

bilingual speakers such as Flege’s Speech Leaning Model (Flege 1995), Best’s 

Perceptual Assimilation Model (Best 1995, Best, McRoberts & Goodwell 2001), and 

Kuhl’s Native Language Magnet Model (Kuhl 1993). All of these models claim that 

the listeners’ native phonetic systems affect their perceptions of non-native sounds; 

phonetic dissimilarity between first language (L1) and L2 influences the ease or 

difficulty of phonetic discrimination. In particular, the speech learning model (SLM) 

proposed by Flege (1995) is relevant throughout this study, as it addresses the impact 

of the age at which L2 or bilingual speech is produced. 
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SLM has been developed to account for L2 sound acquisition as well as 

bilinguals’ L2 pronunciation. The model claims that the phonetic categories formed 

by realizing the language-specific features of speech sounds over a long period 

involve assimilation and dissimilation of language sounds. L2 learners may fail to 

distinguish the phonetic differences between an L2 sound and its closest L1 sound 

when the L2 sound is assimilated to a similar L1 sound. As a result, a single and 

merged category is established to perceive a link between the L1 and L2 sounds. On 

the other hand, L2 learners may distinguish between the nearest L1 phonetic category 

and the new category in the L2 when the L2 sound is dissimilated to the similar sound 

in L1. Additionally, Flege (1995) hypothesized that the earlier the onset of 

acquisition, the better the ability of phonetic discrimination. Early bilinguals 

distinguish phonetic differences better than late bilinguals. 

Examination of voice onset time (hereafter VOT) on stop consonants has been 

conducted to explain the organization of the phonetic system in bilingual speakers in a 

number of studies (cf. Johnson & Wilson 2002, Fabiano-Smith & Bunta 2012, Lee & 

Iverson 2012). The VOT is the interval between the release burst of the stop 

consonant and the start of voicing, and its measurement discriminates between various 

language stops with different laryngeal actions. VOT is measured in milliseconds 

(ms), and the waveforms of a sound can show VOT. If the voicing begins during the 

stop closure (before the release), the VOT has a negative value. Pioneers of VOT 

research, Lisker & Abramson (1964) examined word initial stops in 11 different 

languages, and found that the measurement of VOT is effective in separating stop 

categories cross-linguistically. According to Lisker & Abramson (1964), each 

language can be categorized depending on VOT ranges: -125 to -75 ms as SHORT 

LEAD, 0 to + 25 ms as SHORT LAG and +60 to +100 ms as LONG LAG. Languages 

with two categories of stops fall into two different lengths of the three types. English 

and Mandarin have short lag and long lag stops, while Japanese and Spanish have 

short lead and short lag stops. 

In agreement with the SLM, which proposes that a different phonetic category is 

likely to be established for each language if bilinguals perceive some of the phonetic 

dissimilarity between the two languages, one could predict that bilingual children 

should produce native-like VOT values accurately if they perceive the phonetic 

dissimilarity between the sounds of their two languages. In other words, bilingual 

children will demonstrate a language pattern which is parallel to that of monolinguals 

in each language, and show distinctive characteristics between the two languages. On 

the other hand, bilingual children would have intermediate VOT values of their two 

languages, if they perceive the phonetic assimilation in the sounds of these languages. 

That is, bilingual children should show indistinctive phonetic systems in each 
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language. This study thus focuses on the development of aspiration and voicing 

contrasts by early bilinguals—Mandarin-Japanese aged three to six years old—in the 

examination of VOT values. Observation of bilingual speech development could 

reflect on the issue of whether bilingual children differentiate between their two 

phonetic systems. 

 

2. Bilingual acquisition of stops 

 

The term bilingual can be defined from various points of view, including from 

psycholinguistic, linguistic and sociolinguistic perspectives. From the sociolinguistic 

view, which emphasizes the age of language acquisition, “the development of 

language in young children who hear two languages spoken to them from birth” (De 

Houwer 1990:2) is defined as bilingual first language acquisition (BFLA). This is 

distinguished from the acquisition of only one language from birth, i.e., monolingual 

first language acquisition (MFLA), and early L2 acquisition, in which monolingual 

children hear a L2 during childhood, commonly through exposure at daycare or 

kindergarten (De Houwer 1990:4). The critical age for acquiring two languages as 

first languages is typically three years old (De Houwer 1990). Bilinguals beyond this 

age are referred to as late bilinguals or L2 learners. 

With regard to bilingual phonetic systems, a major topic is whether bilinguals 

establish separate phonetic systems for their two languages or merge the two of them. 

A number of studies have investigated the effects of age with regard to bilingual 

vowel and consonant perception and production (e.g., Mack 1989, Johnson & Wilson 

2002, Aoyama et al. 2004, Flege & Mackay 2004, Baker & Trofimovich 2005, Riney 

et al. 2007, Oh et al. 2011). Early bilingual children show relatively more 

monolingual-like speech in both their languages than do late bilinguals: early 

bilingual children differentiate between their two phonetic systems early in language 

acquisition, while L2 children go through a stage of having a single representation 

system for their two languages. Although the evidence for early bilingual children 

having separate systems is robust from various perspectives, such as in the lexical and 

phonological domains, the assumption still remains that the sounds of early bilinguals 

can never be identical to those of monolingual speakers (Grosjean 1998). 

In order to address how bilinguals organize their phonetic systems, the voice onset 

time (VOT) of stops produced by such individuals has been studied 

cross-linguistically, including among English-Spanish (Flege & Eefting 1987, 

Fabiano-Smith & Bunta 2012), English-Korean (Baker & Trofimovich 2005, Lee & 

Iverson 2012), and English-Japanese speakers (Johnson & Wilson 2002, Aoyama et 

al. 2004, Harada 2007). For example, Johnson & Wilson (2002) collected data from 
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two BFLA children aged 2;10 and 4;8 to observe early language differentiation of 

VOT in Japanese and English voiced and voiceless bilabial (/p/, /b/), alveolar (/t/, /d/) 

and velar stops (/k/, /g/). Their results indicated that the four-year-old bilingual child 

could significantly differentiate VOT in the two languages, and that the duration of 

VOT for English words was longer than that for Japanese words. On the other hand, 

the child who was 2;10 showed no significant difference between the two languages 

in terms of the duration of VOT. The researchers argued that a possible reason for this 

difference could be the younger child’s immature motor control. Furthermore, the 

children produced all their voiceless stops as long lag VOT instead of short lag, and 

all voiced stops as the short lag VOT, in both Japanese and English. Two reasons 

given by the researchers for this are the lack of acquisition of prevoicing of voiced 

stops in Japanese, and the strong influence of community language. Although only 

two children participated in their research, this cross-linguistic study presents the 

influence of age and ambient language on the organization of phonetic systems in the 

bilingual children’s two languages. 

Another example is an examination of stop consonants produced by thirty 

Korean-English early bilinguals at five and ten years of age (the age of exposure for 

five-year-old children ranged from 1;6 to 2;10 and for ten-year-old children from 2;0 

to 4;6), in comparison with thirty age-matched Korean monolinguals and thirty 

English monolinguals (Lee & Iverson 2012). They studied VOT and vowel-onset f0 

for three-way contrast of Korean stops (lenis, fortis, and aspirated), and two-way 

contrast of English stops (voiceless and voiced) at the bilabial, alveolar and velar 

position. The results showed that the bilinguals had longer VOT values than the 

Korean monolinguals and shorter values than the English monolinguals. However, the 

ten-year-old bilingual children managed to discriminate between the stop categories in 

each language in terms of VOT and f0, while the five-year-old bilinguals discerned 

only two categories (short-lag and long-lag categories) based on VOT. This study 

provides evidence that distinct systems are developed in each language to maximize 

the phonetic contrast between the two. This is consistent with one of the SLM 

hypotheses, which states that “the phonetic category established for L2 sounds by a 

bilingual may differ from a monolingual’s if the bilingual’s category is deflected 

away from an L1 category to maintain phonetic contrast between categories in a 

common L1-L2 phonological space” (Flege 1995:239). It also shows the influence of 

language exposure periods, i.e., the longer the exposure (the earlier the onset of 

acquisition), the better the ability to discern phonetic systems. 

Based on previous studies, examination of VOT is a variable measurement that 

can be used to observe whether or not bilinguals attempt to differentiate between their 

two phonetic systems objectively, because it can reveal visual evidence of the voicing 

features and breathing power used during the VOT production. Besides, acquisition of 
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VOT differentiation could be observed after about three years old (Johnson & Wilson 

2002). 

 

3. VOT of Mandarin and Japanese stops  

 

Mandarin has a total of 22 consonants, including 21 initial consonants and /ŋ/ in 

the final position. Among these, there are six voiceless stops that are realized in the 

bilabial, alveolar and velar positions paired with aspiration to form three minimal 

pairs: /p/ vs /ph/, /t/ vs /th/ and /k/ vs /kh/. As shown in Table 1, the velar stops have 

longer VOT values than the alveolar and bilabial stops, along with the general pattern 

of the VOT continuum. Aspiration as a distinctive feature in Mandarin is mastered 

later than unaspirated stops. Mastery of aspiration requires temporal coordination 

between oral release and wide glottal opening, so that the aspiration noise (burst 

noise) lasts quite long, while a short lag VOT is produced by the glottis opening at 

any time during stop closure, and stop bursts are very short in duration (Johnson 

1997). The relative difficulty of achieving such an articulatory gesture results in late 

acquisition. 

Japanese has principally two categories of stops; short lead (voiced stops: /b/, /d/, 

/g/) and short lag (voiceless stops: /p/, /t/, /k/). The length of the VOT continuum 

differs according to the place of articulation: the value for velar stops is greater than 

for bilabial or alveolar stops as in Table 1. Each category of Japanese stops admits a 

wider range of VOT length, and thus they do not fit the three categories proposed in 

Lisker & Abramson’s (1964) classification. For Japanese voiced stops, Japanese 

native adult speakers, particularly female speakers, often overlap the short lag and the 

short lead category (Homma 1981). The results presented by Miura (1986) provide 

evidence that three-year-old Japanese-speaking children can produce prevoiced 

sounds, and show that the short lag and the short lead VOT are interchangeable. In 

addition, previous studies report that the VOT category of Japanese voiceless stops 

produced by Japanese adults and children does not fit either the short lag or the long 

lag ranges, but rather the VOT values lie between those categories (e.g., Homma 

1981, Shimizu 1989, Riney et al. 2007, Ogasawara 2011 (for adults), Harada 2007, 

Miura 1986 (for children)).  

A summary of available means and ranges for VOT in Japanese and Mandarin is 

presented in Table 1 (Tanaka & Chen 2015:4). In the table, /b, d, g/ indicates voiced 

stops, while /ph, th, kh/ and /p, t, k/ represent voiceless aspirated stops and voiceless 

unaspirated stops, respectively. VOT data for Japanese stops have been collected from 

six studies (data sets are from adult and child production). The range of VOT for 

voiced stops with prevoicing (/b/, /d/, /g/) is between -72 ms and -35 ms for Japanese  
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Table 1. Means and ranges of VOT (ms) for Japanese and Mandarin 

 Bilabial Alveolar Velar 

Japanese  b p ph d t th g k kh 

Homma 

(1981) 

Word initial N/A 27 

(14~43)a

N/A -35 

(N/A)

32 

(16~53)

N/A 14 

(8~20) 

53 

(35~63) 

N/A 

Shimizu 

(1989) 

Word initial 

6 speakers 

-72 

(-45~-95) 

44 

(15~60)

N/A -58 

(-10~-70)

27 

(15~90)

N/A -64 

(-20~-105) 

68 

(45~100) 

N/A 

Riney et al. 

(2007) 

Word initial  

13 speakers 

N/A 30.8 

(N/A)

N/A N/A 28.5 

(N/A)

N/A N/A 

(N/A) 

56.7 N/A 

Ogasawara 

(2011) 

Word initial 

/a/  

10 speakers 

N/A N/A N/A 9.79/ 

-61.10

22.56 

 

N/A 16.41/ 

-70.79 

40.05 

 

N/A 

Word initial 

/o/ 

10 speakers  

N/A N/A N/A 12.84/

-60.10

24.72 N/A 21.52/ 

-57.39 

41.17 N/A 

Miura (1986) Word initial 

(3-5 years old)  

30 speakers 

-14 28 N/A -7 32 N/A 7 40 N/A 

Harada 

(2007) 

Word initial  

/a/  

(grade 1 and 5)  

10 speakers 

N/A 20.1 

(G1c) 

18.2 

(G5c) 

N/A N/A 23.8 

(G1) 

20.5 

(G5) 

N/A N/A 35.9 

(G1) 

37.7 

(G5) 

N/A 

Taiwanese Mandarin b p ph d t th g k kh 

Ogasawara 

(2011)/TMb  

Word initial in 

phrase  

10 speakers 

N/A 9.25 

(NA) 

62.87 

(NA) 

N/A 11.40 

(NA) 

62.98 

(NA) 

N/A 20.82 

(NA) 

76.80

(NA) 

Chao & 

Chen (2008)/ 

TM 

Word initial 

11 speakers 

N/A 14 

(7~65)

82 

(35~147)

N/A 16 

(7~33)

81 

(45~123)

N/A 27 

(15~65) 

92 

(50~138)

Chen,  

Chao & 

Peng 

(2007)/TM 

Word initial 

36 speakers 

N/A 13.9 

(NA) 

77.8 

(63~90)

N/A 15.3 

(NA) 

75.5 

(65~87)

N/A 27.4 

(NA) 

85.7 

(74~98)

Chao, 

Khattab & 

Chen (2006)/ 

TM 

Word initial 

11 speakers  

N/A 14 

(NA) 

82 

(NA) 

N/A 16 

(NA) 

81 

(NA) 

N/A 27 

(NA) 

92 

(NA) 

Chen,  

Hsiao & 

Fang (2010)/ 

TM 

Girl  

(45 months) 

 27   28   42  

Chen,  

Kuo & Lee 

(2013)/TM  

Boy 

(50.5 months)

N/A 9.8 74.7 N/A 13.0 62.1 N/A 28.1 85.9 

Note: a. The number in parentheses shows the range of VOT.  
b. TM stands for Taiwanese Mandarin. 
c. G1 refers to first graders in elementary school; G5 refers to fifth graders in elementary school. 
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adults and between -14 ms and -7 ms for Japanese children, while that for voiced 

stops with a short lag is between 9.79 ms and 21.52 ms. The range of VOT for 

voiceless stops (/p/, /t/, /k/) is between 22.56 ms and 68 ms for adults, and between 

18.2 ms and 40 ms for children. There are six prior studies on VOT (four from adults 

and two from children) for Taiwanese Mandarin stops shown in the table. The range 

of Mandarin aspirated stops (/ph/, /th/, /kh/) from adults is between 62.87 ms and 92 

ms, and between 74.7 ms and 85.9 ms for children, while VOT for unaspirated stops 

(/p/, /t/, /k/) ranges from 9.25 ms to 27.4 ms for adults and between 9.8 ms and 42 ms 

for children. 
 

4. The present study  
 

This study investigates VOT of stops produced by Mandarin-Japanese bilingual 

children to observe bilinguals’ phonetic systems. Japanese has voiced and voiceless 

stops at bilabial, alveolar, and velar positions, while stops in Mandarin have the 

aspiration contrast, unaspirated and aspirated stops, in those articulation places. 

Therefore, the present study examines discrimination of VOT values of the two 

languages at the same articulation points, and language-specific phonological 

acquisition processes in relation to stop productions. Despite being a well-documented 

subject in phonetic and phonological research, very few studies have investigated the 

phonetic systems of Mandarin-Japanese bilingual children. The research questions in 

this study are: 

1) What VOT pattern do the bilingual children aged three, four, five and six years 

old show in their two languages? 

2) How do the bilingual children differentiate or assimilate the VOT value of 

Japanese and Mandarin stops?  

To answer these questions, this study focused on word-initial Japanese and 

Mandarin stops since they are one of the first sounds acquired by monolingual 

typically-developing children cross-linguistically. Stop productions in each language 

collected from Mandarin-Japanese bilingual children aged three to six years old were 

thus examined using acoustic measurements.  
 

5. Methodology  

5.1 Participants 
 

A group of 36 Mandarin-Japanese bilingual children,1 17 boys and 19 girls, 

participated in the present study. All of these bilingual children receive consistent 
                                                 
1 Twenty-nine of the 36 bilingual children also participated in Tanaka & Chen’s (2015) study.  
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exposure to Japanese and Mandarin, as one of their parents speaks Japanese and the 

other speaks Mandarin. The bilingual children have grown up in southern Taiwan, 

where the official language is Mandarin, and most residents also speak Taiwanese 

Southern Min. Bilinguals who are exposed to their L2 in early childhood or children 

who grow up bilingually from birth are regarded as bilingual first language 

acquisition (BFLA) children, as proposed by De Houwer (1990). As such, the 

Mandarin-Japanese bilingual children in the present research can be regarded as 

BFLA children. 

The participants were further divided into four age groups, three years old 

(3;3-3;11, mean = 3;7, variance = 14.29), four years old (4;0-4;10, mean = 4;4, 

variance = 12.41), five years old (5;0-5;10, mean = 5;3, variance = 9.07) and six years 

old (6;2-6;10, mean = 6;6, variance = 11.36), as shown in Table 2. Of the 36 children, 

29 have Japanese mothers and Taiwanese fathers, while seven have Taiwanese 

mothers and Japanese fathers. 
 

Table 2. Age groups 

 3yr  4yr  5yr  6yr  

Number 8 8 11 9 

Gender  Boy=4 Girl=4 Boy=5 Girl=3 Boy=4 Girl=7 Boy=4 Girl=5

Range  3;3-3;11 4;0-4;10 5;0-5;10 6;2-6;10 

Mean 3;7 4;4 5;3 6;6 

Variance 14.29 12.41 9.07 11.36 

 

Twenty-eight parent couples of the bilingual children completed a language 

background questionnaire: six parent couples with a Japanese father and a Mandarin 

mother (one couple with two children participated in the experiment), and 22 parent 

couples with a Mandarin father and a Japanese mother (five couples with two children 

and one couple with three children participated in the experiment). The language use 

scale for Japanese and Mandarin bilinguals was adapted from Tanaka & Chen (2015). 

The questionnaire collected the participants’ basic information and details of their 

language use. The basic information included the child’s name and school grade, their 

parents’ nationalities, the number of siblings and the language used between the 

parents. Four options were included for the languages used at home: mixed Japanese 

and Mandarin, Japanese only, Mandarin only, and other. Figure 1 shows the number 

of families for each language option. Twelve couples communicate in Japanese at 

home, 12 communicate in Mandarin, while 9 couples use both languages. Three 

couples who use English at home were entered in the other group. 
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Figure 1. The number of couples in each language option 

 

In order to obtain high quality data, both the mothers and fathers were surveyed 

after the experiments with the children had been completed to ascertain the 

participants’ ages and language environments. That is, if a mother is a native Japanese 

speaker and a father is a native Mandarin speaker, the mother received the scale 

written in Japanese and the father received it written in Mandarin, thus making it 

easier for them to respond to all the questions. The mothers and fathers were asked to 

fill in the scale individually so that more accurate observations of their children could 

be obtained. In the case of parents with more than two children participating in the 

experiments, they received a questionnaire for each child, and thus there was a 

language background scale for each sibling.  

The language-use questionnaire applied a 5-point Likert scale (5 = use Mandarin 

most, 4 = use Mandarin more often than Japanese, 3 = use both Mandarin and 

Japanese equally, 2 = use Japanese more often than Mandarin, and 1 = use Japanese 

most) and contains three parts. The first part asks which language the bilingual 

children use when they talk to different people (e.g., mother and father). The second 

part examines which language different interlocutors use with the bilingual children. 

The last part asks which language the bilingual children use while participating in 

activities, such as watching TV and reading books.  

Since the first two parts are about the participants’ language choices and direct 

language input, and parents as interlocutors have more influence than teachers and 

friends on their language acquisition, these data were collected and statistically 

analyzed. A chi-square test for independence was performed to examine whether there 
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is a significant association between each language and a language choice from 

mothers and fathers in Part 1. The relation between these variables is significant when 

the mothers are Japanese speakers, χ2(4, N = 29) = 29.28, p < .001, and there was also 

a significance when mothers are Mandarin speakers, χ2(2, N = 7) = 7, p = .03. That is, 

the bilingual children seem to choose Japanese to communicate with Japanese 

mothers while they seem to choose Mandarin when their mothers are Mandarin 

speakers. In addition, the comparison between these variables was found to be 

significant when the fathers are Mandarin speakers, χ2(4, N = 29) = 26.65, p < .001, 

but there was no significance found when the fathers are Japanese speakers, χ2(4, N = 

7) = 7.28, p = .122. That is, the bilingual children use Mandarin to communicate with 

Mandarin-speaking fathers, while they speak to Japanese fathers in both languages. 

Therefore, the bilingual children mostly use two languages based on the parents’ 

mother tongues. Since the bilingual children live in Taiwan, they use Mandarin to 

communicate most with other interlocutors, except for their Japanese parents. 

In Part 2, a chi-square test for independence was calculated to examine the 

relation between language input and responses from the mothers and fathers. The 

relation between these variables was found to be significant when the mothers are 

Japanese speakers, χ2(1, N = 29) = 6.75, p = .009, and there was also a significance 

when the mothers are Mandarin speakers, χ2(2, N = 7) = 7, p = .03. That is, Japanese 

mothers communicate with the bilingual children in Japanese, while 

Mandarin-speaking mothers speak to them in Mandarin. On the other hand, the 

relation between these variables was not found to be significant when the fathers are 

Mandarin speakers, χ2(4, N = 29) = 7.45, p = .114, and there was also no significance 

when the fathers are Japanese speakers, χ2(1, N = 7) = .19, p = .659. That is, both 

Mandarin and Japanese fathers use a mixture of the two languages when they 

communicate with their bilingual children. Therefore, mothers tend to use their 

mother tongue to talk to their bilingual children, but fathers are likely to switch 

between their languages.  

For daily activities, the bilingual children generally use both languages when 

watching TV, reading and listening to books, as seen in Figure 2. N/A could be 

selected, if a question did not apply to a child. The trend that both the ambient and the 

non-dominant language are generally used in the children’s daily life suggests that 

their parents try to find as many opportunities as possible for their children to use 

Japanese in Taiwan. As the statistical results above show, the bilingual children in the 

present study mostly use Japanese to communicate with their Japanese parents, 

although the children attend local kindergartens or elementary schools, where there is 

a Mandarin language-speaking environment. The parental role of the mother is 

particularly important in Japanese culture (White 1987). Mothers are the most  
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Figure 2. Results for the languages the bilingual children choose while 

participating in various activities, as completed by their mothers (A) 

and fathers (B) 
 

common interlocutors of the young children in general, and the mother’s native 

language has a great impact on the majority of the children regarding the acquisition 

of Japanese speech characteristics. Thus, all the bilingual children were able to 

produce Japanese words without hesitation.  
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5.2 Materials 
 

The present study examined stops in word-initial position across two languages, 

as stops in Mandarin occur only in the word initial position. The target items were 

selected in the same way to get more or less identical samples across the two 

languages, and to elicit the target consonants in comparable consonant and vowel 

(CV) contexts (e.g., Japanese voiceless consonant /t/ vs voiced consonant /d/ in /o/ 

contexts such as /tomato/ ‘tomato’ vs /doŋguri/ ‘acorn’). Given the relatively small 

vocabularies of young children as well as comparability across the languages, this 

made it difficult to control the number of items between the languages and word 

length (Edwards & Beckman 2008). 

Japanese word-initial alveolar and velar stops followed by five vowel contexts, /i, 

e, a, o, ա=u/ in Japanese (e.g., /doa/ ‘door’) were used in this study. The Japanese 

target consonants included /t/ for 12 tokens, /d/ for nine tokens, /k/ for 24 (12 for /k/ 

and 12 for /kj/) tokens, and /g/ for 15 (12 for /g/ and 3 for /gj/) tokens. Japanese 

carries palatalized consonants, YO-ON, which add a /y/-like glide sound at the end of 

velar consonants, and are usually indicated as /kj/ and /gj/. In addition, /k/ and /g/ 

before /i/ in Japanese are realized as palatal [kj] and [gj], respectively, but the same 

phonetic symbols are generally used for /k/ and /g/. In both phonetic and phonological 

cases, the phonetic symbols /k/ and /g/ are conventionally used in this study. Each 

participant received 60 tokens in total, except for one four-year-old who recorded only 

half of a data set. 

Mandarin word-initial alveolar and velar stops were followed by three vowel 

contexts, /i, u, a/ (e.g., /tu51.tsɨ/ ‘stomach’). It should be noted that the numbers next 

to the phonetic transcription of ‘stomach’ in Mandarin indicate tone variations, i.e., 55 

refers to Tone 1 (High-Level), 35 refers to Tone 2 (High-Rising), 214 refers to Tone 3 

(Low-Dipping) and 51 refers to Tone 4 (High-Falling). There were six tokens for /t/, 

six tokens for /th/, four tokens for /k/ and five tokens for /kh/ as Mandarin target 

consonants. There were 21 tokens in total for each participant. 

Bilabial stops were not included in the present study since these sounds are the 

first consonants produced in canonical babbling and acquired early 

cross-linguistically. Therefore, the study focuses on lingual obstruent. The Japanese 

and Mandarin word lists, which consist of authentic words, were developed using 

the same methodology as the paidologos project (http://learningtotalk.org/node/24), 

a large cross-linguistic investigation of phonological development. The complete 

lists of Japanese and Mandarin words used are found in Appendix 12 and 2. 
                                                 
2 The list of Japanese words in Appendix 1 was the same as the one used in Tanaka & Chen’s (2015) 
study.  
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5.3 Procedures 

 

The participants were presented with a random series of audio recordings of the 

target words with visual stimuli on a computer screen, and instructed to repeat each 

word for recording. While some of the younger participants seemed not to recognize 

some of the words, an audio-picture prompted word repetition task helped them repeat 

all the target words without any problems. The children were allowed to hear the same 

word for a second time. Ten practice tasks in Japanese and three in Mandarin were 

provided to each child prior to the test to ensure that they all understood the 

procedure. There were more tasks in Japanese than Mandarin because the first test 

was in Japanese and the participants needed to get familiar with the experiment. 

In order to switch the participants’ language mode, the instructions were provided 

by the researcher in Japanese with regard to the Japanese sounds, and in Mandarin for 

the Mandarin ones. This is based on the claim in Grosjean (2001) that a bilingual 

child is likely to be in a monolingual mode when communicating with a monolingual 

speaker. In this case, the target language can be activated and the bilingual child can 

speak mostly like a monolingual. Together the practice and experimental sessions 

lasted approximately 10-20 minutes for each language experiment. The test was 

administered individually in a quiet room. The younger children were accompanied 

by their parents during the recording, unless a participant insisted that they did not 

want their parent(s) with them. 

Every child had two sessions, Japanese first and Mandarin second, and two 

experiments were completed within one month. The reason why all the children did it 

in Japanese first instead of counterbalancing between these languages is because most 

of them attend a local kindergarten or school and Mandarin is the language of 

instruction. However, beginning with Japanese, the researcher could identify herself 

as a native speaker of Japanese and the children might feel more comfortable to 

participate in the experiment in Japanese. If the researcher had used Mandarin first, 

some of the children may not have switched back to Japanese mode, as Mandarin is 

the ambient language and used to communicate with strangers (the researcher) in a 

school-like context. Therefore, the same recoding order was conducted for all the 

children. Each language word list has six randomized orders. Instead of 

counterbalancing between the two languages, the participants were presented with a 

word list randomly chosen by the researcher in order to avoid any carry-over 

influence. All the children obtained a small toy and/or snacks when they finished the 

recordings as a reward. The language background questionnaires were filled out either 

between the two experiments or after finishing all the recordings. 
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5.4 Data analysis  

 

The present researcher, a Japanese native speaker, evaluated the accuracy of the 

children’s Japanese and a trained Mandarin native speaker checked the accuracy of 

the children’s Mandarin. One native Japanese and one native Mandarin speaker also 

analyzed about 15% of the total tokens, randomly selected from all participants at all 

ages (at least one child from each age group) to assess interrater reliability for each 

language. Cohen’s Kappa was used for interrater reliability, which examines the level 

of agreement between the researcher and one native Japanese transcriber for Japanese 

data and between the trained native Mandarin speaker and another Mandarin 

transcriber for the Mandarin data. It ranges from 0 to 1.0, larger numbers indicating 

better reliability. The results for the Japanese data were .83 with p < .000, while for 

the Mandarin data the results were .83 with p < .000, with both values considered as 

showing a good level of agreement (Leech, Barrett & Morgan 2005). 

The researcher and the other transcribers (a native Japanese speaker and two 

Mandarin speakers) relied on their subjective judgment with monitoring 

spectrographic and waveform measurements produced with Praat Softwear (Boersma 

& Weenink 2014), in order to extract valid data for analysis. A word repetition task with 

clear visual cues elicits the full range of stops and correct renditions of the target words from 

young children. The researcher also made sure that the children seriously participated in the 

task during the recording session, and therefore, any errors they made can be regarded as true 

mistakes. VOT analysis excluded all sounds marked as errors in place of articulation 

(e.g., /k/ for [t]), voicing (e.g., /t/ for [d]), and aspiration (e.g., /t/ for [th]), non-stop 

production (e.g., /t/ for [r]), deletion, and unclear sounds and/or untranscribable 

sounds due to severe noise. One six-year-old boy replaced unaspirated and aspirated 

alveolar stops for unaspirated and aspirated velar stops (i.e., velar fronting) while 

producing Mandarin stops. These consonant errors were treated as missing values for 

the VOT analysis, and therefore the mean VOT of the average of three-, four-, five- 

and six-year-old children were calculated based on data from 35 children instead of 

36. It should be noted that the Japanese voiced stops (/d/, /g/) transcribed as an 

accurate production included both short lags (+) and short leads (-). However, short 

lead VOT values in stop productions were excluded from the statistical analysis 

because the numbers of children who produced short lead voicing were unequal 

across ages (only several children were able to produce short lead VOT). 
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5.5 Voice Onset Time (VOT) analysis  

 

Praat Softwear was used for the acoustic analyses. There are three tags for 

acoustic events, i.e., burst onset (burst), voicing onset (vot1) and vowel end (vEnd), 

which are used in sequence for analyzing each production. Each tag was identified by 

inspecting the spectrogram image and wave form, along with the researcher’s own 

judgment. While the first tag was marked at the start of the burst followed by the 

onset of voicing for the sound of a voiceless stop, a tag of voicing onset was marked 

before the burst when a voiced stop was produced. As VOTs are defined as the length 

of time between the onset of the burst and the onset of voicing, the values were 

measured by subtracting the time of the burst from the time of onset voicing (VOT = 

Voice onset – Burst). The measured VOT was converted into milliseconds. 

Pearson’s correlation was used as a reliability test. This measures the consistency 

between the two labelers, the researcher and the other analyzer. It is a statistical 

measure of a liner relationship between paired data, denoted by a value of r between 

+1 and -1. Positive values indicate positive liner correlation, a value of 0 indicates no 

relationship, and negative values indicate negative liner correlation. Approximately 

15% of the total tokens, randomly selected from all participants (at least one child for 

each age group) were analyzed by a Mandarin native speaker who understands 

Japanese for both the Japanese and Mandarin data. The results of Pearson’s r for the 

Japanese VOT data showed a positive correlation between the VOT values of the two 

analyzers; r = .79, p < .001, two-tailed, and a mean difference of 3.3 ms. For the 

Mandarin data, Pearson’s r showed a positive correlation between the VOT values of 

the two analyzers, r = .73, p < .001, two-tailed, and a mean difference of 0.7 ms. 

Overall, there was a significant correlation between the VOT values of the researcher 

and the other analyzer for both the Japanese and Mandarin data. 

 

5.6 Statistical analysis  

 

A three-factor analysis of variance (hereafter ANOVA), in which a 

between-subject factor was Age (three-, four-, five-, six-year old) and two 

within-subject factors were Stop Category (/d/, /g/, /t/, /k/ in Japanese and /t/, /k/, /th/, 

/kh/ in Mandarin) and Language (Japanese and Mandarin), was conducted to examine 

whether the bilingual children showed any difference in values of VOT across target 

stops and languages at different ages. Bonferroni multiple comparisons were used to 

test pairwise differences. The categories obtained in the transcription process were 

used as dependent variables for analysis of the children. All the statistical analyses 

were done using SPSS (version 22).  
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6. Results 

 

Table 3 presents the mean VOT, standard deviations of eight target stops from 

Japanese and Mandarin. The Japanese voiced stop categories were divided into two 

groups: short lag (+) and short lead (-) VOT, since VOT of Japanese voiced stop 

categories, /d/ and /g/, was scattered on the continuum from short lag to short lead in 

the children’s speech. Only 13 (four six-year-old children, six five-year-old children, 

two four-year-old children and one three-year-old children) and 15 (five six-year-old 

children, five five-year-old children, four four-year-old children and one 

three-year-old child) of the bilingual children produced VOTs with a negative value 

for /d/ and /g/, respectively. Additionally, two bilinguals produced short lead VOT for 

/t/ in Mandarin, although Mandarin stop categories do not contain short lead VOT.  

 

Table 3. Means and standard deviations of VOT (ms) for the Japanese and 

Mandarin target stops by age 

  6yr  n = 8  5yr  n = 11 4yr  n = 8 3yr  n = 8 Average  n =35

  Mean SD Mean SD Mean SD Mean SD Mean  SD 

Japanese 

d(+) 17.41 6.42 19.2 10.98 21.85 12.9 17.18 4.63 18.93 9.27

d(-) -63.94 
(17)a 

9.95 -44.53
(14)

35.06
-47.34

(5)
45.1

-6.48
(1)

N/A -48.01 
(37) 

30.68

g(+) 23.06 4.98 32.46 12.4 34.13 9.84 27.85 6.57 29.64 9.87

g(-) -52.09 
(22) 

28.77 -52.03
(21)

30.29
-36.16

(9)
25.31

-64.75
(1)

N/A -52.14 
(53) 

27.54

t 47.68 8.93 59.38 25.15 60.16 16.95 49.49 23.66 54.62 20.22

k 68.05 7.78 80.88 29.22 79 14.65 67.39 23.48 74.43 21.47

Mandarin 

t 16.53 2.58 20.34 11.04 16.79 5.91 23.84 18.02 19.46 10.94

k 24.62 5.65 33.51 18.57 23.1 6.9 32.44 12.85 28.85 13.18

th 81.29 14.4 95.78 26.5 92.09 23.27 82.53 33.67 88.6 25.2

kh 93.74 18.63 116.64 24.49 107.17 29.59 96.91 44.11 104.73 30.31

Note: a. The number in parentheses refers to the number of instances in which prevoicing was 
produced.  

 

According to Table 3, in the six-year-old group, the average short lag VOT values 

of Japanese voiced stops were 17.41 ms (SD = 6.42) for /d/ and 23.06 ms (SD = 4.98) 

for /g/, while the average short lead VOT values of voiced stops were -63.94 ms for 

/d(-)/ and -52.09 ms for /g(-)/. The average VOT values of alveolar and velar 

voiceless stops in Japanese were 47.68 ms (SD = 8.93) for /t/ and 68.05 ms (SD = 

7.78) for /k/. In the five-year-old group, the average short lead VOT values of alveolar 

and velar voiced stops were -44.53 ms and -52.03 ms, respectively, and the average 

short lag VOT values of voiced stops were 19.2 ms (SD =10.98) for /d/ and 32.46 ms 
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(SD = 12.4) for /g/. The average VOT values of alveolar and velar voiceless stops 

were 59.38 ms (SD = 25.15) and 80.88 ms (SD = 29.22), respectively. In the 

four-year-old group, the average short lag VOT values of voiced stops were 21.85 ms 

(SD = 12.9) for /d/ and 34.13 ms (SD = 9.84) for /g/, while the average short lead 

VOT values of voiced stops were -47.34 ms for /d(-)/ and -36.16 ms for /g(-)/. The 

average VOT values of voiceless stops were 60.16 ms (SD = 16.95) for /t/ and 79 ms 

(SD = 14.65) for /k/. In the three-year-old group, the average short lag VOT values of 

alveolar and velar voiced stops, /d/ and /g/, were 17.18 ms (SD = 4.63) and 27.85 ms 

(SD = 6.57), respectively, and the average VOT values of voiceless stops, /t/ and /k/, 

were 49.49 ms (SD = 23.66) and 67.39 ms (SD = 23.48), respectively. One 

three-year-old child produced /d/ with a negative value, -6.48 ms, and another child 

produced /g/ with a negative value, -64.75 ms. Figure 3 demonstrates the VOT pattern 

of /d/ and /g/ with short lag and lead, and /t/and /k/ with long lag, by age, along with 

the VOT values in Ogasawara (2011) in Table 1. 

 

 

Figure 3. Mean VOT of Japanese stops by age 

 

The average VOT values for all participants, the short lead VOT values of voiced 

stops, /d(-)/ and /g(-)/, were -48.01 ms (the range from -63.94 ms to -6.48 ms) and 

-52.14 ms (the range from -64.75 ms to -36.16 ms), respectively, which were longer 

than those seen with the Japanese children’s VOT in Table 1 (-7 ms for alveolar stops 

and 7 ms for velar stops). In addition, the average short lag VOT values of voiced 

stops were 18.93 ms (the range is between 17.18 ms and 21.85 ms) and 29.64 ms (the 
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range is between 23.06 ms and 34.13 ms), respectively, and the average VOT values 

of voiceless stops were 54.62 ms (the range is between 47.68 ms and 60.16 ms) and 

74.43 ms (the range is between 67.39 ms and 80.88 ms), respectively, among the 

three-, four-, five- and six-year old groups. The VOT values of Japanese voiceless 

stops were thus much longer than those seen with the Japanese children (the range is 

between 20.5 ms and 32 ms for VOT of alveolar stops, and between 35.9 ms and 40 

ms for VOT of velar stops) in Table 1. 

In addition, the average VOT values of Mandarin alveolar and velar unaspirated 

stops produced by the six-year-old group were 16.53 ms (SD = 2.58) and 24.62 ms 

(SD = 5.65), respectively while those of aspirated stops were 81.29 ms (SD = 14.4) 

for /th/ and 93. 74 ms (SD = 18.63) for /kh/. In the five-year-old group, the average 

VOT values of unaspirated stops were 20.34 ms (SD = 11.04) for /t/ and 33.51 ms 

(SD = 18.57) for /k/. Those for alveolar and velar aspirated stops were 95.78 ms (SD 

= 26.5) and 116.64 ms (SD = 24.49), respectively. In the four-year-old group, the 

average VOT values of unaspirated stops were 16.79 ms (SD = 5.91) for /t/ and 23.1 

ms (SD = 6.9) for /k/. Those of aspirated stops were 92.09 ms (SD =23.27) for /th/ and 

107.17 ms (SD = 29.59) for /kh/. In the three-year-old group, the average of alveolar 

and velar unaspirated stops were 23.84 ms (SD = 18.02) and 32.44 ms (SD = 12.85) 

respectively. Those for counterpart aspirated stops were 82.53 ms (SD = 33.67) and 

96.91 ms (SD = 44.11), respectively. The VOT pattern changed for each age, together 

with the VOT values in Ogasawara (2011) in Table 1, is presented in Figure 4. 

The average VOT values of all participants, the VOT values of unaspirated stops, 

/t/ and /k/, with correct production were 19.46 ms (the range from 16.53 ms to 23.84 

ms) and 28.85 ms (the range from 23.1 ms to 32.44 ms), respectively, similar to the 

previous data for the Mandarin children’s VOT values (the range is between 13 ms 

and 28 ms for alveolar stops and between 28.1 ms and 42 ms for velar stops). The 

average VOT values of aspirated stops, /th/ and /kh/, were 88.6 ms (the range from 

81.29 ms to 95.78 ms) and 104.73 ms (the range from 93.74 ms to 116.64 ms), 

respectively, and thus the VOT values were longer than those seen in the Mandarin 

data in Table 1 (62.1 ms for VOT of alveolar stops and 85.9 ms for VOT of velar 

stops). 

A three-factor ANOVA with a between-subject factor of Age and within-subject 

factors of Stop Category and language was conducted for VOT values among the four 

age groups in Japanese and Mandarin. The results of Mauchly’s test indicated that the 

assumption of sphericity for Stop Category and for the interaction of Stop Category 

and Language had been violated (X2(5) = 68.32, p < .001, and X2(5) = 12.12, p = .03, 

respectively), and therefore the Greenhouse-Geisser correction was used. 
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Figure 4. Mean VOT of Mandarin stops by age 

 

The ANOVA revealed significant main effects of Stop Category, F (1.36, 42.02) = 

220.88, p < .001, (η = .88), Language, F (1, 31) = 65.03, p < .001, (η = .68), and the 

interaction between Stop Category and Language, F (2.52, 78.01) = 58.46, p < .001, 

(η = .65). A post-hoc analysis using the Bonferroni test adjusted the alpha level 

by .008 per test (.05/6) and revealed that comparisons of all stops and languages were 

statistically significant at the .000 level. However, there were no effects of Age, F (3, 

31) = 1.27, p = .3, (η = .11), and there was no interaction among three factors such as 

Stop Category, Language and Age, F (7.55, 78.01) = .58, p = .79, (η = .05). 

A simple main effects analysis showed that the VOT values of /t/ in Japanese (M = 

54.62 ms) were significantly shorter than /th/ in Mandarin (M = 88.6 ms) (p < .001), 

and the VOT values of /k/ in Japanese (M = 74.43 ms) were also significantly shorter 

than /kh/ in Mandarin (M = 104.73 ms) (p < .001). However, there were no differences 

in the VOT values between /d/ in Japanese (M = 18.93 ms) and /t/ in Mandarin (M = 

19.46 ms) (p = .88), or between /g/ in Japanese (M = 29.64 ms) and /k/ in Mandarin 

(M = 28.85 ms) (p = .82). Figure 5 shows bar graphs comparing the VOT values 

among the target stops in both languages. 

 

7. Discussion 

7.1 Cross-sectional difference on VOT values  

 

A cross-sectional comparison at the four different ages could shed light on the 

development of the phonetic system across languages in early bilingual children, 

although no statistically different VOT values among ages were found for either 

Japanese or Mandarin stops by this study. First, comparing the mean VOT of Japanese 

target stops among different ages, the three- and six-year-old groups produced 

relatively shorter VOT values than the four- and five-year-old groups across all stop  
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Figure 5. The VOT comparisons for the target stops in Mandarine and Japanese 

 

categories (see Figure 2). In other words, the three- and six-year-old groups have 

similar VOT values, while the four- and five-year-old groups have the same tendency 

regarding VOT length. In particular, the VOT values of voiceless stops, /t/ and /k/, 

produced by the four- and five-year-old groups can be categorized as long lag ones 

just like the VOT values of Mandarin aspiration stops. Assuming that language 

dominance reflects language mode for the bilingual children, as suggested by 

Grosjean (2001), longer VOT values at these periods of time might be affected by the 

children’s language environment, since the children at the age of four and five years 

old interact more with their Mandarin classmates and teachers in kindergarten. 

The VOT values at the ages of three and six years old were shorter than the values 

of four- and five-year old but longer than the monolingual norms shown in Table 1. 

The pattern of lengthened VOT values is consistent with Liu-Shea (2011) for the 

Mandarin-English bilingual children and Macken & Barton (1980) for the English 

monolingual children. They claimed that children exaggerate VOT values when they 

are at the intermediate stage of developing adult-like VOT production. Since the 

bilingual children in this study have consistent exposure to Japanese sounds, they are 

able to distinguish Japanese voicing contrast by the age of three. In fact, Genesee, 

Paradis & Crago (2004) pointed out that simultaneous bilinguals may be competent in 

both languages at the age of three. The SLM assumes that ‘phonetic systems 

reorganize in response to sounds encountered in an L2 through the addition of new 

phonetic categories’ (Flege 1995:233). Consistent with this assumption, after the 

phonetic properties of the target stops slightly alter according to their language 

environment at the age of four and five, the bilingual children seem to reorganize their 

phonetic categories to make a distinction among the phonemes of the two languages at 

the age of six years old. However, the data from the six-year-old group is not enough 
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to support this claim. Thus, a longitudinal study of the VOT pattern in the bilingual 

children would have to be conducted in future research as children typically shift 

language dominance to the ambient language after the start of formal schooling.  

The VOT analysis of Japanese stops has been discussed above with the exclusion 

of voiced stops with a short lead. This is because the VOT of Japanese voiceless stops 

included both short lag and short lead, and only 13 and 15 early bilinguals produced 

short lead VOT values for /d/ and /g/ for some target words, respectively. There were 

only eight children who made short lead VOT values for both sounds. Inconsistent 

production of voiced stops with a short lead in Japanese could be explained as the 

development stage of native-like voicing contrast. As seen in Table 3, the older 

participants produced more prevoiced stops than the younger groups. An alternative 

explanation of this result could be the change in VOT values for Japanese voiced 

stops based on language shifts over time. Takada (2004) studied the relation between 

the tendency of positive VOT values for the voiced alveolar stop at the word initial 

position and age in Tokyo, and found that younger speakers tend to produce the 

voiced stop as the short lag. The present bilingual children’s input of Japanese voicing 

contrast was mainly from their Japanese parents, and thus the VOT characteristics of 

their parents’ speech should be also measured to examine this possibility.   

Besides, the mean short lead VOT value of voiced alveolar stops was slightly 

shorter than that of voiced velar stops among the children who produced the short lead 

VOT. This pattern and value was similar to some data found in earlier studies, while 

different from others, as seen in Table 1. The pattern varies among the four ages. 

Particularly, the difference between short lead VOT values of the voiced alveolar stop 

and voiced velar stop in the three-year-old age group was larger than that of the other 

groups. However, these values were produced by only a few children, and the younger 

children accidentally pronounced prevoicing. Since few studies have reported the 

short lead VOT values of Japanese voiced stops, it is difficult to generalize the short 

lead VOT norm for these.  

Secondly, with regard to the mean VOT in Mandarin stops among different ages, 

as illustrated in Figure 3, the four- and five-year-old age groups produced the longer 

VOT values for both aspirated stops, alveolar and velar positions, as compared to the 

other age groups, and these values were longer than in the categorization of long lag 

VOT proposed by Lisker & Abramson (1964). The longer VOT values for Mandarin 

aspirated stops at the age of four and five may be because the Mandarin-Japanese 

bilingual wants to distinguish aspirated stops in Mandarin from voiceless stops in 

Japanese. The bilingual children produced Japanese voiceless stops as long lag, and 

therefore they may have produced Mandarin aspirated stops with a longer VOT value 

to differentiate the two languages. As Johnson & Wilson (2002:284) claim that 
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“children do what they are physically capable of doing to phonetically differentiate 

their languages, even if they are not yet able to match adultlike speech production 

values”, the bilingual children managed to differentiate between Mandarin and 

Japanese by producing different VOT values in long lag stops. On the other hand, the 

mean VOT of unaspirated stops presented a different picture of the tendency: the 

three- and five-year-old groups produced relatively longer VOT values than the four- 

and six-year-old groups. However, the mean VOT values for all unaspirated stops 

across all age groups were still within the range of VOT of unaspirated stops reported 

in previous studies.  

In essence, the bilinguals could produce aspirated stops as early as three years old. 

According to the SLM hypothesis, dissimilar sounds between two languages are 

easier to acquire than similar sounds. Although producing aspirated sounds is more 

difficult than producing unaspirated sounds, the bilingual children acquired the 

aspiration contrast early on since these sounds do not appear in Japanese phonemes. 

In addition, their VOT values for aspirated stops were longer than those found by 

previous studies. The bilingual children exaggerated the VOT length for aspirated 

stops just like the lengthened VOT for Japanese voiceless stops. This indicates that 

they are at the intermediate level of developing adult-like phonetic distinctions in their 

both languages (Liu-Shea 2011). 

 

7.2 Cross-linguistic influence on early bilingual stop contrast   

 

Research question two concerns examining differentiation and assimilation of the 

bilinguals’ phonetic features between their two languages. As mentioned in the data 

analysis, the current study only discusses target voiced stops with short lag VOT in 

Japanese because the children showed the inconsistent production of voiced stops 

with short lead VOT. Table 3 shows that the average short lag VOT values of 

Japanese /d/ and /g/ were 17.62 ms and 28.24 ms, respectively, which are very similar 

to the average VOT values of Mandarin unaspirated stops /t/ (19.46 ms) and /k/ (28.85 

ms). The bilingual children pronounced Japanese voiced stops with short lag VOT as 

Mandarin unaspirated stops, and the opposite is also true: the Japanese voiced stops, 

/d/ and /g/, with short lag VOT were assimilated to the counterpart Mandarin 

unaspirated stops, /t/ and /k/. Hoshino & Yasuda (2004) state that the bilabial, alveolar 

and velar stop sounds in Mandarin are pronounced at almost the same place of 

articulation as their Japanese counterpart stops. Therefore, both Japanese and 

Mandarin L2 learners are likely to substitute those L1 sounds for their counterpart L2 

sounds. As Flege’s (1995) SLM hypothesizes that bilinguals are unable to 

discriminate an L2 sound which is perceptually similar to a substitute sound in L1, the 



Tanaka: VOT of Stops by Mandarin-Japanese Bilinguals 
 

23 

Mandarin-Japanese bilingual children regarded Japanese voiced stops and Mandarin 

unaspirated stops as the same sound, and thus articulated them similarly.  

Moreover, the bilingual children differentiated the VOT values of Japanese 

voiceless stops from those of the counterpart Mandarin aspirated stops, /th/ and /kh/. 

While the children tended to produce the Japanese voiceless stops /t/ and /k/ with a 

breathy voice, they lengthened the Mandarin aspirated stops /th/ and /kh/. Although 

they pronounced both Japanese voiceless stops and Mandarin aspirated stops longer 

than do monolingual speakers in each language, the bilingual children were able to 

discriminate between the two sounds in their phonetic category.  

Essentially, the bilingual children managed to maintain phonetic contrast among 

three VOT categories, a) VOT of voiced stop in Japanese (17.62 ms for /d/ and 28.24 

ms for /g/) and that of unaspirated stop in Mandarin (19.46 ms for /t/ and 28.85 ms for 

/k/), b) VOT of voiceless stop in Japanese (52.04 ms for /t/ and 72.82 ms for /k/) and 

c) VOT of aspirated stops in Mandarin (88.6 ms for /th/ and 104.73 ms for /kh/) in 

their two languages although their VOT values for both Japanese voiceless stops and 

Mandarin aspirated stops were longer than those in monolingual production. This 

result is congruent with Lee & Iverson’s (2012) study. In their study, a 10-year-old 

Korean-English bilingual group and a five-year-old bilingual group maintained 

phonetic contrast between voiced vs voiceless stops in English and lenis vs fortis vs 

aspirated stops in Korean in terms of VOT. However, the VOT values in English were 

shorter and those in Korean were longer than the monolingual norms. The maximizing 

of phonetic contrast between the two languages is hypothesized in Flege’s (1995:239) 

SLM, which states that “the phonetic category established for L2 sounds by a 

bilingual may differ from a monolingual’s if the bilingual’s category is deflected 

away from an L1 category to maintain phonetic contrast between categories in a 

common L1-L2 phonological space”. The bilingual children tried to develop a distinct 

phonetic system for each language by maximizing the difference in VOT values 

between the two languages. They thus lengthened the VOT values of Japanese 

voiceless stops to differentiate them from those of Mandarin unaspirated stops (and 

those of Japanese voiced stops), and the VOT values of Mandarin aspirated stops to 

differentiate them from those of Japanese voiceless stops at maximum.  

 

8. Conclusion  

 

This study investigated Mandarin-Japanese bilingual children’s VOT pattern, and 

differentiation and assimilation of the VOT values in their two languages. First, the 

four- and five-year-old groups had longer VOT values than the three- and six-year-old 

groups across the stop categories in Japanese due to the influence of the Mandarin 
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speaking environment the children are living in. In particular, these age groups 

produced VOT for voiceless stops (/t/, /k/) that were much longer than the Japanese 

adult data, and their VOT values can be identified as long lag according to the 

categorization proposed by Lisker & Abramson (1964). For Mandarin stop 

production, the four- and five-year-old age groups also had longer VOT values for all 

aspirated stops than other age groups. Their VOT values were longer than the 

Mandarin adult data discussed in the literature. The three- and five-year-old groups 

had longer VOT values for unaspirated stops than the four- and six-year-old groups, 

but the difference was not great and all unaspirated stops across ages were categorized 

as short lag ones.  

Next, the Mandarin-Japanese bilingual children assimilated Japanese voiced stops 

to the counterpart unaspirated stops in Mandarin: VOT of both phonemes indicated 

similar values. However, the bilingual children differentiated Japanese voiceless stops 

from the counterpart aspirated stops in Mandarin: Their VOT values in both 

phonemes were significantly different. The important finding here is that the bilingual 

children maintained a phonetic contrast among the following three VOT categories in 

their two languages: a) voiced stops in Japanese and unaspirated stops in Mandarin, b) 

voiceless stops in Japanese, and c) aspirated stops in Mandarin. Thus, they established 

a unique phonetic contrast in their phonetic category to maximize the difference of the 

VOT values between the two languages. Flege (1995) postulates that bilingual 

children’s language production probably continues to change as their language habits 

alter to accommodate the social environment around them. Thus the process of 

language assimilation and differentiation occurs throughout their lives. 

While this study has been concerned with how the findings related to the SLM 

model, it is important to mention the other L2 speech models discussed earlier, the 

Native Language Magnet Model (NLM) and the Perceptual Assimilation Model 

(PAM). The finding that the bilingual children could discriminate between Japanese 

voiceless stops and Mandarin aspirated stops might be seen as consistent with the 

NLM claim that infants develop phonetic perception patterns in their native language 

during first language learning. However, this model is based on monolingual young 

children. The PAM’s prediction also focuses on L2 speech perception by non-native 

speakers who have had no exposure to the new language. Thus, bilingual children 

who learn two languages simultaneously were considered as within the scope of the 

SLM model. 

One contribution of this study is that it provides a better understanding of 

phonological representation in simultaneous bilinguals. These Mandarin-Japanese 

bilingual children were shown to have acquired the voicing contrast in Japanese and 

the aspiration feature in Mandarin at an early age. They were also shown to have 
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exhibited universal patterns of phonological acquisition processes and maintained 

different sets of language-specific patterns in each language. Consequently, this 

implies that early bilingual children possess separate phonetic systems and develop 

phonological patterns similar to monolingual children in each language. 

Finally, spontaneous speech could be examined in future to assess bilingual 

children’s language dominance more precisely. The language background survey 

carried out in this work investigated the frequency of use of each language, but not the 

language proficiency of the bilingual children. The mean length of utterance (MLU), 

which is a common measurement of morphosyntactic development, could be used to 

ascertain proficiency in both their languages for early bilinguals and explore the 

relationship between language dominance and phonological acquisition among the 

children. 
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Appendix 1. Japanese word list 

 

IPA English gloss Japanese Target stops Vowels

ti:kappu tea cup ティーカップ /t/ /i/ 

ti:ʃatsu t-shirt Ｔシャツ /t/ /i/ 

tiʃ:u tissue ティッシュ /t/ /i/ 

tebukuro glove 手袋 /t/ /e/ 

tempura tempura 天ぷら /t/ /e/ 

tegami letter 手紙 /t/ /e/ 

tako octopus たこ /t/ /a/ 

tamago egg 卵 /t/ /a/ 

taŋpopo dandelion たんぽぽ /t/ /a/ 

tomato tomato トマト /t/ /o/ 

to:ɸu bean curd 豆腐 /t/ /o/ 

tora tiger とら /t/ /o/ 

ke:kji cake ケーキ /k/ /e/ 

kemuri smoke 煙 /k/ /e/ 

keʃigomu eraser 消しゴム /k/ /e/ 

kaba hippo かば /k/ /a/ 

kame turtle かめ /k/ /a/ 

karasu crow からす /k/ /a/ 

koara koala コアラ /k/ /o/ 

kodomo child 子供 /k/ /o/ 

koppu cup コップ /k/ /o/ 

kuma bear クマ /k/ /u/ 

kuri chestnut 栗 /k/ /u/ 

kuruma car 車 /k/ /u/ 

kji:ro yellow 黄色 /kj/ a /i/ 

kjimono kimono 着物 /kj/ /i/ 

kjiriŋ giraffe キリン /kj/ /i/ 

kjabetsu cabbage キャベツ /kj/ /a/ 

kjappu cap キャップ /kj/ /a/ 

kjarameru caramel キャラメル /kj/ /a/ 

kjo:dai sibling 兄弟 /kj/ /o/ 

kjo:so: competition 競争 /kj/ /o/ 

kjorokjoro restless eyes きょろきょろ /kj/ /o/ 

kju: nine ９ /kj/ /u/ 

kju:kju:ʃa ambulance 救急車 /kj/ /u/ 
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IPA English gloss Japanese Target stops Vowels

kju:ri cucumber きゅうり /kj/ /u/ 

deŋkji electricity 電気 /d/ /e/ 

dekoboko uneven でこぼこ /d/ /e/ 

depa:to department store デパート /d/ /e/ 

daikoŋ white radish 大根 /d/ /a/ 

daŋgo dumpling 団子 /d/ /a/ 

daruma tumbler だるま /d/ /a/ 

doa door ドア /d/ /o/ 

doŋguri acorn どんぐり /d/ /o/ 

do:natsu doughnut ドーナツ /d/ /o/ 

ge:mu game ゲーム /g/ /e/ 

geŋkji energy 元気 /g/ /e/ 

geta wooden clogs 下駄 /g/ /e/ 

gakko: school 学校 /g/ /e/ 

garasu glass ガラス /g/ /a/ 

gasu gas ガス /g/ /a/ 

goma sesame ゴマ /g/ /o/ 

gomi garbage ごみ /g/ /o/ 

gorira gorilla ゴリラ /g/ /o/ 

gumi soft candy グミ /g/ /u/ 

guruguru round and round ぐるぐる /g/ /u/ 

gu: stone グー /g/ /u/ 

gjidzagjidza jag ギザギザ /gj/ /i/ 

gjiŋko: bank 銀行 /gj/ /i/ 

gjita: guitar ギター /gj/ /i/ 
Note: a. Palatalized consonants are indicated as /kj/ and /gj/. /k/ and /g/ before /i/ which are realized as 

palatal [kj] and [gj], respectively, are also indicated as /kj/ and /gj/. 
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Appendix 2. Mandarin word list 

 

IPA English gloss Mandarin 
Target 

stops 
Vowels

tɑ51a.ɕɪɑŋ51 elephant 大象 /t/ /ɑ/ 

ti51.thu35 map 地圖 /t/ /i/ 

tɑn51.kɑu55 cake 蛋糕 /t/ /ɑ/ 

tun55.tȿə squatting 蹲著 /t/ /u/ 

tiŋ55.tsɨ nail 釘子 /t/ /i/ 

tu51.tsɨ stomach 肚子 /t/ /u/ 

thɑŋ35.kuɔ214 candy 糖果 /th/ /ɑ/ 

thɑu35.tsɨ peach 桃子 /th/ /ɑ/ 

thiŋ55.thiŋ55.khɑn51 listening to 聽聽看 /th/ /i/ 

thi 55.tsɨ rudder 梯子 /th/ /i/ 

thu214.sɨ55 toast 吐司 /th/ /u/ 

thu51.tsɨ rabbit 兔子 /th/ /u/ 

kɑi51.tsɨ cover 蓋子 /k/ /ɑ/ 

kɑn214.khuɑi51 hurry up 趕快 /k/ /ɑ/ 

kun51.tsɨ stick 棍子 /k/ /u/ 

ku214.tho35 bone 骨頭 /k/ /u/ 

khɑ 214.tȿhə55 track 卡車 /kh/ /ɑ/ 

khɑn51.piŋ51 going to a clinic 看病 /kh/ /ɑ/ 

khu214.kuɑ55 bitter melon 苦瓜 /kh/ /u/ 

khun55.tȿhɔŋ35 insects 昆蟲 /kh/ /u/ 

khu51.tsɨ pants 褲子 /kh/ /u/ 
Note: a. The numbers next to the phonetic transcriptions indicate tone variations: 55 refers to Tone 1 

(High-Level), 35 refers to Tone 2 (High-Rising), 214 refers to Tone 3 (Low-Dipping) and 51 
refers to Tone 4 (High-Falling).  
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