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ABSTRACT
Voice Onset Time (VOT) is an acoustic measure widely used to measure the characteristics 
of plosives across various languages. This study investigates the acquisition of voicing 
contrast in Malay word-initial plosives produced by Mandarin-speaking children. Fifteen 
subjects between the ages of 3;00 to 7 and 11 were recruited. The children completed a 
picture-naming task, and the speech samples were audio-recorded and analyzed using 
PRAAT. Descriptive VOT values (ms) across ages were presented and compared to previous 
normative findings. Results revealed that children aged 3;00 produced only a short lag, 
while children aged 4;00 to 6;00 produced short lag-long lag contrast, which is not similar 
to the expected VOT pattern of Malay plosives. Additionally, with increasing age, children 
acquired adult-like VOT productions. The VOT distributions follow the developmental path 
proposed for languages with two-way contracts. This finding is the first VOT data on Malay 
word-initial plosives by Mandarin-speaking children. Maturity of motor development and 
coordination, as well as cross-linguistic exposure, influenced productions. Thus, further 
studies examining cross-linguistic influence, particularly controlling for the duration of 
exposure to L2 in multilingual language acquisition with a larger sample size, are warranted 
to validate the findings from this study. 
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INTRODUCTION
Malaysia is formed of three main ethnicities 
(Malay, Chinese, and Indian) and is a 
multilingual country. Malay is the national 
language, while Mandarin, Tamil, and other 
dialects are used in daily communication. 
Therefore, it is common for non-native 
speakers to use languages other than their 
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native language to communicate. For 
example, Malaysian Chinese speakers 
may use  Mandar in-Engl i sh-Malay 
language plus Chinese dialect/s in their 
daily communication (Lim & Lim, 2018). 
However, previous studies have shown that 
their mother tongues influence non-native 
speakers who use Malay. There have been 
key research on voicing contrasts in plosives 
by investigating voice onset time (VOT) 
in native speakers of the Malay language. 
Abdul Hamid (2016) studied the acquisition 
of VOT in Malay children aged 2 to 6, while 
Shahidi (2010) studied the acquisition of 
VOT by bilingual Malay English speakers. 
However, studies examining VOT in 
multilingual speakers in Malaysia are 
limited. Due to the scarcity of studies on 
Mandarin-speaking children and the Malay 
language, this study aimed to provide 
information on the acquisition of Malay 
word-initial plosives by Mandarin-speaking 
children from ages 3;00  to 7 and 11. Since 
children with hearing impairment,  childhood 
apraxia of speech, and phonological disorder 
produce voicing errors in their speech (Park 
& Byeon, 2015; Umat et al., 2015), it is 
beneficial to investigate the developmental 
trend in acquiring voicing contrast by 
typically-developing children. Additionally, 
knowing the age of acquisition for voicing 
contrast could also benefit the teaching and 
learning of the pronunciation of Malay in 
schools (Shahidi et al., 2012). The present 
study investigates the VOT pattern of 
Malay word-initial plosives produced by 
Mandarin-speaking children. Additionally, 

we hypothesized that as age increases, the 
VOT values approach adult-like (Kewley-
Port & Preston, 1974; Macken & Barton, 
1980; Shahidi et al., 2012; Yang, 2018; Yu 
et al., 2015). We also hypothesized that 
the voicing contrast between pre-voiced 
and short lag VOT in Malay word-initial 
plosives is acquired after age 3;00 (Abdul 
Hamid, 2016; Khattab, 2002).

LITERATURE REVIEW 

Malay and Mandarin Plosives

Malay is  a  major  language of  the 
Austronesian language family and Western 
Malayo-Polynesian subgrouping. There 
are 27 consonants in Malay, including 
six VOICELESS plosives /p, t, k/, and 
VOICED plosives /b, d, g/. (Abdul Hamid, 
2016; Shahidi, 2010). Malay plosives are 
found in initial, medial, and final word 
positions. According to Shahidi (2010), 
Malay VOICELESS plosives are always 
unaspirated, with no audible breath heard 
when the plosive is released. However, 
aspirated plosives are unique in Malay 
dialects from the Malaysian Peninsula’s 
northern states. In contrast, Mandarin is one 
of the Sino-Tibetan languages. It is a tonal 
language with four contrastive tones. In 
comparison to Malay, there are six plosives 
in Mandarin: VOICELESS unaspirated /p, 
t, k/ and VOICELESS aspirated /pʰ, tʰ, kʰ/ 
(Duanmu, 2007; Shimizu, 2011). Aspiration 
is the difference between the plosives, not 
voicing (Lin, 2007; Shimizu, 2011). Unlike 
Malay, Mandarin plosives only occur at the 
word-initial position (Ogasawara, 2011). 
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Voice Onset Time (VOT)

VOT is the duration between the articulator 
release of a stop and the voicing onset 
(Lisker & Abramson, 1964). VOT measures 
the timing of voicing in milliseconds (ms). 
According to Lisker and Abramson, VOT 
is useful in separating phonemes into 
VOICED and VOICELESS categories, 
regardless of the language studied. Lisker 
and Abramson’s study (1964) categorized 
plosives into three ranges based on VOT 
values. A negative VOT value is obtained 
when the onset of vocal fold vibration or 
voicing has started before the release of 
a stop. It is also known as ‘voice lead’ or 
‘pre-voiced.’A zero VOT value is obtained 
when vocal fold vibration or voicing onset 
coincides with the plosive release. Zero VOT 
typically occurs in VOICELESS unaspirated 
plosives. If the voicing has started after 
the burst release, this results in ‘voice lag,’ 
a positive VOT value. All VOICELESS 
aspirated plosives have positive VOT. 
The amount of lag separates VOICELESS 
unaspirated (‘short lag’ 0– +30msec) from 
VOICELESS aspirated (‘long lag’ +30 – 
+100ms) plosives (Lisker & Abramson, 
1964; Shimizu, 1989). Lisker and Abramson 
(1964) categorized 11 languages into three 
main categories, depending on the number 
of plosive categories in the language: (1) 
two-category languages included American-
English, Cantonese, and Tamil; (2) three-
category languages that included Korean 
and Thai; (3) four-category languages that 
included Hindi and Marathi. 

Voicing Contrast of Plosives

The voicing contrast of plosives represents 
complex acoust ic  and ar t icula tory 
coordination (Melo et al., 2015). Voicing 
contrast in plosives could be studied based 
on acoustic cues such as voice bar, voicing 
during the closure, closure duration, vowel 
duration, and VOT. However, VOT is a 
reliable acoustic cue for studying voicing 
contrast in word-initial plosives (Shahidi, 
2010). Acquisition of voicing contrast 
in children has been extensively studied 
in various languages, such as English 
(Kewley-Port & Preston, 1974; Macken & 
Barton, 1980), Hindi (Davis, 1995; Shimizu, 
1989), Thai (Shimizu, 1989) and Spanish 
(Macken & Barton, 1980). Monolingual 
children typically acquire voicing contrast 
between short and long lag VOT by age 
2;00–2;06 (Kehoe et al., 2004; Kewley-Port 
& Preston, 1974; Macken & Barton, 1980). 
However, the contrast between pre-voiced 
and short lag VOT (e.g., in Spanish, French 
and Italian) is acquired only after age 3;00. 
It is due to the difficulty in producing lead 
voicing, especially for children in mastering 
its production (Macken & Barton, 1980).

According to Shahidi et al. (2012), 
the realization pattern for the word-initial 
voicing contrast in Malay plosives is 
short-leg for VOICELESS plosives and 
pre-voiced for VOICED plosives. Shahidi 
et al. (2016) investigated voicing contrast 
between VOICED and VOICELESS plosive 
in the initial position produced by Malay 
children aged 3;00–to 6 and 11. Findings 
revealed that children aged 3;00 produced 
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voicing lag for all plosives, suggesting they 
have still not acquired voicing contrast in 
Malay plosives. Children aged 4;00 and 
above produced pre-voiced for VOICED 
plosives. The finding showed they have 
acquired voicing contrast between VOICED 
and VOICELESS in Malay word-initial 
plosives. As age increased, the VOT values 
produced approached adult-like VOT. Abdul 
Hamid (2016) revealed that children aged 
2;00 to 3;00 did not produce voicing lead 
for VOICED plosives (Table 1). The finding 
was in line with the findings from Shahidi 
et al. (2016). Except for velar plosive /g/, 
children aged 4;00 and above produced pre-
voiced for VOICED plosives. 

Based on the three-category model 
proposed by Lisker and Abramson (1964), 

Mandarin unaspirated plosives /p, t, k/ 
occupied the short-leg regions, while 
Mandarin aspirated plosives /pʰ, tʰ, kʰ/ 
occupied the long-lag regions. A study by 
Yang (2018) on the development of stop 
consonants in 3 to 6-year-old Mandarin-
speaking children reported that Mandarin-
speaking children at 3 years old had well-
developed short-lag VOTs. However, 
Mandarin-speaking children aged 6 years 
had not fully established an adult-like long-
lag VOT model. It indicates that long-lag 
VOTs in Mandarin-speaking children in 
this age range continue to develop. Table 2 
shows the VOT Means of Mandarin plosives 
or Taiwanese Mandarin (TM) reported by 
past studies. Data from Li (2013) were 
reported separately for females and males.

Table 1
Mean VOT values for Malay word-initial plosives for children aged 2;00–6; 11

Mean VOT (ms) 2;00 3;00 4;00 5;00 6;00
/b/ 11.0 10.7 -50.1 -59.4 -61.8
/d/ 13.3 13.3 -38.0 -49.9 -53.6
/g/ 18.1 20.3     9.8 12.0 12.0
/p/   8.3   7.9     6.7   8.5   7.9
/t/ 14.2 13.2   14.3 13.1 14.1
/k/ 23.6 24.7   30.4 29.6 34.0

Table 2 
Mean VOT values (ms) for Mandarin word-initial plosives from different studies

Liao (2005) Chen et al. (2007)
(TM)*

Chao & Chen (2008) 
(TM)*

Li (2013) 
(TM)*

/p/ 17.9 13.9 14.0
/t/ 18.6 15.3 16.0 12.5 (F), 17.5 (M)
/k/ 28.0 27.4 27.0 22.5 (F), 29.5 (M)
/pʰ/ 75.4 77.8 82.0
/tʰ/ 71.4 75.5 81.0 93.3 (F), 77.9 (M)
/kʰ/ 98.8 85.7 92.0 90.8 (F), 78.8 (M)

Note. *TM - Taiwanese Mandarin
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VOT Development in Second Language 
(L2)

The Second Language Acquisition (SLA) 
literature provides strong evidence of the 
transfer of L1 VOT values in the acquisition 
of L2 VOT, especially at the lower levels 
of L2 proficiency (e.g., Flege, 1987; Flege 
& Hillenbrand, 1984). More advanced 
learners were reported to produce native-
like VOT of the language and differentiate 
L1 and L2 concerning VOT (Flege, 1991). 
Shimizu (2011) reported that L1 stop 
categories were used in learning L2 stop 
categories due to the proximity of the VOT 
value. Several models, such as the speech 
learning model (SLM) and perceptual 
assimilation model (PAM), mentioned that 
the phonetic distance of plosives in L1 
with L2 is the major cue in learning new 
L2 speech sounds. In order to produce L2 
voicing categories, bilinguals try to find 
L1 sounds whose VOT values are close 
to their L2 counterparts. Studies showed 
that bilingual children produced different 
VOT than monolinguals in both languages 
(Khattab, 2002). Late L2 learners produced 
English /t/ with “compromise” VOT values 
that were intermediate VOT observed in 
Spanish and English monolinguals (Flege, 
1991). Moreover, Balukas and Koops 
(2015) showed that VOT values for English 
produced by Spanish-English bilinguals 
were lower than the VOT production by 
native English speakers. It could be due 
to different VOT patterns in Spanish (pre-
voiced vs. short lag) and English (short lag 
vs. long lag). 

METHODOLOGY

Participant Characteristics

A total of 15 children residing in the 
Klang Valley area were recruited. Subjects 
were divided into 5 age groups: 3 years 
(hereafter denoted as 3;00) to 3 years and 
11 months (hereafter denoted as 3;11), 
4;00–4;11, 5;00–5;11, 6;00–6;11 and 7;00–
7;11. The children were randomly selected 
based on the following criteria: (1) native 
speakers of Mandarin (2) children who 
are simultaneous/sequential bilinguals, 
able to understand and use Malay (3) no 
reported speech and language delay or other 
disabilities (4) obtained parents’ consent to 
participate in the study. Those who did not 
fulfill the inclusion criteria were excluded 
from the study. Participants were recruited 
by word of mouth and through kindergarten 
and tuition centers. 

Material and Procedure

A digital audio recorder (Sony IC recorder 
ICD-SX850) was placed 10 cm from the 
participants during testing. A picture-
naming task was used to elicit words with 
targeted word-initial plosives /p, b, t, d, k, 
g/ in Malay. The stimuli used were similar 
to Abdul Hamid (2016; Table 3). Cues were 
given if the child had difficulties naming 
the pictures. The cues were given in the 
following order: (1) Semantic cue; (2) 
False choice; (3) Delayed imitation. Direct 
imitation from the tester was not considered 
the target response. 
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Recordings and VOT Measurements 

The recording took place in a quiet room 
in the child’s location. Speech samples of 
the children (3 subjects x 5 age groups x 6 
consonants x 3 words x 3 repetitions = 810 
tokens) were audio-recorded using a Sony 
IC recorder ICD-SX850 and transferred into 
a computer. The PRAAT software version 
5.3.56 was used to analyze the samples 
collected. Speech samples were displayed 
as spectrograms in the software. VOT, the 
period between the release of the consonant 
stop and the onset of voicing, was measured. 
Burst release indicated stop release, and the 
first periodic waveform indicated the onset 
of voicing (Lisker & Abramson, 1964).

RESULTS

Reliability 

The internal consistency was measured 
using Cronbach’s alpha (α) coefficient. 
Results revealed good internal consistency 
(α= .887). Inter-rater reliability was obtained 
via the analysis of VOTs on 13% (n=108 
tokens) of the audio samples independently 
by a clinical linguist trained in using the 
PRAAT software. The intra-class correlation 

Table 3
List of stimulus words

/p/ /t/ /k/
Pisang
Pokok
Pensel

Tandas
Tangan

Tiga

Kaki
Kakak
Kasut

/b/ /d/ /g/
Bola
Baju
Buku

Datuk
Duduk

Dua

Gajah
Gigi
Gula

coefficient (ICC) of .992 indicated high 
inter-rater reliability.

VOT Values of Malay Word-Initial 
Plosives Produced by Mandarin-
Speaking Children 

Table 4 summarizes the VOT values of 
Malay word-initial plosives produced by 
Mandarin-speaking children compared 
to previous local findings. For VOICED 
plosives, children within the age group of 
3 and 6 obtained mean VOT values that 
fell within the short lag region (0–30ms). 
Children aged 4;00 obtained mean VOT 
values of M=23 (SD=6.506) and M=28 
(SD=7.506) for phoneme /b/ and /d/, 
respectively, with both mean VOT values 
falling within the short lag VOT range. 
However, the 4 years old children produced 
long lag (M=50, SD= 23.000) for phoneme 
/g/. Children aged 5;00 produced long lag 
for phonemes /b/ and /g/ and short lag 
for phoneme /d/. Results revealed that 
children aged 7;00 obtained mean VOT 
values for phonemes /b/ and /d/ that fell 
within the pre-voiced region. However, 
they produced short lag for phoneme /g/ 
(M= 24, SD=37.041). For VOICELESS 
plosives, children aged 3;00 obtained mean 
VOT values that fell within the short lag 
range. Children aged 4;00, 5;00, and 6;00 
years old produced long lag VOT for both 
phonemes /p/ and /k/. Children aged 7;00 
produced short lag VOT range for phoneme 
/p/ (M=24, SD=2.517) and long lag for 
phoneme /k/ (M=32, SD= 2.646). Children 
from all age groups produced short lag VOT 
for phoneme /t/. Overall, the VOT values 
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Table 4
VOT for VOICED and VOICELESS plosives (mean VOT (M) in milliseconds (ms) and standard deviation 
(SD) by age

Ph
on

em
e

3; 00 4; 00 5; 00 6; 00 7; 00

Mandarin-
Malay bilingual 
adults (Abdul 

Hamid et al., 2020)

Malay 
monolingual 
adults (Abdul 
Hamid, 2016)

V
O

IC
ED

/b/ M
SD

14
(1.000)

23
(6.506)

32
(0.577)

2
(5.508)

-44
(5.508)

-38
(55.48)

-88
(3.000)

/d/ M
SD

25
(1.528)

28
(7.506)

22
(<0.000)

21
(4.000)

-6
(25.502)

-12
(61.23)

-76
(3.055)

/g/ M
SD

28
(1.000)

50
(23.000)

46
(7.506)

30
(9.000)

24
(37.041)

23
(40.68)

-54
(2.887)

V
O

IC
EL

ES
S

/p/ M
SD

19
(0.577)

54
(29.000)

54
(6.506)

34
(8.000)

24
(2.517)

30
(13.28)

12
(3.055)

/t/ M
SD

24
(1.528)

29
(1.000)

24
(5.508)

16
(1.528)

20
(1.732)

21
(5.08)

15
(2.646)

/k/ M
SD

30
(2.000)

57
(5.508)

81
(9.504)

65
(14.503)

32
(2.646)

31
(9.60)

32
(6.557)

Figure 1. Mean VOT values for VOICED plosives across age group
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approached adult-like VOT as age increased 
for VOICED and VOICELESS plosives.

The further the back the place of 
articulation, the longer the duration of 
voicing lag, regardless of short or long lag 
(Figure 1). On the other hand, the further 
back the place of articulation, the shorter 

the pre-voiced duration, which was noted 
in children aged 7;00.

As the place of articulation moved 
further back, the mean VOT values of 
VOICELESS plosives produced by children 
aged 3;00 and Malay monolingual adults 
increased (Figure 2). However, the mean 
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VOT values of children aged 4;00 to 7;00 
and bilingual adults did not follow the same 
pattern. The alveolar plosive /t/ had shorter 
VOT value compared to bilabial plosive /p/ 
and velar plosive/k/.

Age of Acquisition of Voicing Contrast 

All children aged 3;00, 4;00, and 5;00 did 
not produce a pre-voiced VOT pattern for 
VOICED plosives /b, d, g/. In the age group 
of the 6-year-old, 2 children (66.67%) did 
not produce the pre-voiced phoneme /b/, and 
all the children (100%) did not produce pre-
voiced phonemes /d/ and /g/. All children 
aged 7; 00 (n=3) produced pre-voiced for 
plosives /b/; however, not all produced 
pre-voiced for /d/ and /g/. It was noted that 
voicing contrast in plosives was not fully 
established by 7 years old, especially for 
VOICELESS plosives /d/ and /g/.

The mean VOT value for phoneme 
/p/ was similar to phoneme /b/ at age 3 
(Figure 3). It could be seen that the mean 
VOT values for both phonemes/p/ and 

/b/ increased from age 3;00 to 5;00, and 
both phonemes demonstrated a decrease 
in the mean VOT values at age 6;00. The 
negative mean VOT value indicated that 
children aged 7;00 produced pre-voiced for 
phoneme /b/. Children aged 7;00 obtained 
mean VOT values similar to bilingual 
adults but did not achieve the VOT range 
produced by Malay adults. 

Children aged 3;00 to 6;00 obtained 
positive and similar mean VOT values 
for both phonemes /t/ and /d/ (Figure 4). 
However, for the phoneme /d/, children 
aged 7;00 obtained a negative VOT value, 
indicating that they produced a pre-voiced 
VOT pattern for this phoneme. 

Unlike native Malay speakers, children 
aged 3;00 to 7;00 and bilingual adults 
did not produce negative mean VOT 
values for the phoneme /g/. Instead, they 
produced voicing lag (positive VOT) for 
both phonemes /k/ and /g/ (Figure 5). In 
addition, children did not produce pre-
voiced for velar plosive /g/. 

Figure 2. Mean VOT values for VOICELESS plosives across age group
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Figure 3. Mean VOT values for bilabial plosives /p/ and /b/ across age groups

Figure 4. Mean VOT values for alveolar plosives /t/ and /d/ across age groups

Figure 5. Mean VOT values for velar plosives /k/ and /g/ across age groups
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DISCUSSION

This study investigates the VOT pattern of 
Malay word-initial plosives produced by 
Mandarin-speaking children by measuring 
the VOT values and determining the age of 
acquisition voicing contrast. 

VOT of Malay Word-Initial Plosives 
Produced by Mandarin-Speaking 
Children

Three-stage models were proposed by 
Macken and Barton (1980) on the acquisition 
of English syllable initial plosives. However, 
Macken and Barton (1980) were conducted 
on L1 English (short lag vs. long lag), while 
the current study was conducted on L2 
Malay (pre-voiced vs. long lag). Therefore, 
it is noted that children in the present study 
achieve the stages at different ages than 
subjects in the previous study.

Stage I. In the present study, Mandarin-
speaking children aged 3;00 only produced 
a short lag for VOICED and VOICELESS 
plosives. It is consistent with past studies 
of word-initial stops in other languages 
(Shahidi et al., (2016) on Malay monolingual 
children, Yang (2018) on Mandarin 
monolingual children, and Shahidi and 
Aman (2011) on Malay-English bilinguals). 
According to Abdul Hamid (2016), children 
are expected to produce only a short lag 
in the early stage of acquiring voicing 
contrast. According to the mentalist theory 
of language learning, an individual’s innate 
predisposition toward language acquisition 
is universal. Based on articulatory and 
aerodynamic considerations, Kewley-Port 

and Preston (1974) hypothesized that 
short-lag VOT is acquired first because it 
is easier to produce short-lag VOT than 
long-lag VOT productions. Short-leg VOT 
production does not exceed the abilities of 
the immature motor system of a young child 
(Green et al., 2000).  

Stage II. Before age 7, Mandarin-speaking 
children produced short and long lag, 
which differed from the expected VOT 
pattern. According to Macken and Barton 
(1980), children initially produced longer 
VOT for plosives than adult speakers, then 
experienced a drop in VOT before achieving 
adult-like VOT. In line with that, Tanaka 
(2018) reported that Japanese-Mandarin 
bilinguals aged 4;00 and 5;00 produced 
relatively longer VOT values than the 
children aged 3;00 and 6;00 across all stop 
categories. The same phenomenon could be 
observed in the VOT means produced by 
Mandarin-speaking children in the present 
study.

Stage III. The expected pre-voiced VOT 
in VOICED plosives emerged when the 
child was 7 years old for phonemes /b/ and 
/d/. In line with current findings, Deuchar 
and Clark (1996) hypothesized that a fairly 
adult-like model would develop at around 
seven. However, as age increased, the 
VOT values approached adult-like VOT 
values. Although children had acquired 
voicing contrast of L2, it was believed that 
the fine-tuning continued and extended 
into school-age years. It was particularly 
evident in languages with pre-voiced and 
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short-leg VOT contrasts (MacLeod, 2016). 
Meanwhile, the phoneme /g/ was produced 
with voicing lag rather than pre-voiced. 
Kewley-Port and Preston (1974) reported 
the same phenomenon where children aged 
6; 00 produced voicing lag for the phoneme 
/g/, which differed from the expected VOT 
pattern.

Other than this, Zlatin and Koenigsknecht 
(1976) also proposed that the acquisition 
of voicing contrast in English-speaking 
children changed from a unimodal (in favor 
of short lag VOT) to an emerging bimodal 
to a typical bimodal pattern. A similar 
developmental path could be observed in 
the present study. In the present study, the 
VOT distribution demonstrated a unimodal 
pattern (short lag VOT) in the 3-year-old, 
which developed into an emerging bimodal 
pattern (short lag-long lag contrast) in the 4 
to 6-year-old and gradually approximated 
the bimodal distribution of the adult speakers 
(pre-voiced- short lag VOT).

The VOT of plosives produced by 
Mandarin-speaking children aged 3;00 was 
consistent with previous findings (Cho & 
Ladefoged, 1999; Shahidi et al., 2012). The 
further the back the place of articulation, the 
shorter the duration of pre-voiced, and the 
longer the duration of voicing lag (short or 
long). However, the Malay VOICELESS 
plosives produced by Mandarin-speaking 
children aged 4;00 to 7;00 did not conform 
to the general agreement. Phoneme /t/ had 
shorter mean VOT than phonemes /p/ and 
/k/, similar to VOT produced by Malay-
Mandarin bilingual adults (Abdul Hamid et 
al., 2020). It is also interesting to note that 

the finding was consistent with previous 
studies on Mandarin monolinguals (Chao 
& Chen, 2008; Chen et al., 2007; Liao, 
2005). The VOT duration for Mandarin 
aspirated /tʰ/ had shorter VOT than /pʰ/ and 
/kʰ/ (Rochet & Yanmei, 1991). Researchers 
hypothesized that the place effect may be 
language-specific and may not be so robust 
in Mandarin. Therefore, CLI was suggested 
as it may be a sign of influence from L1 
(Mandarin) in the realization of the L2 
(Malay) VOT pattern in the present study.

Acquisition of Voicing Contrast

According to MacLeod (2016), task 
demands may influence a child’s ability to 
manipulate acoustic-phonetic cues. Prior 
studies of languages that included a pre-
voiced VOT contrast focused on three types 
of tasks: repetition (Eilers et al., 1984), 
picture naming (present study; MacLeod, 
2016), and spontaneous speech (Bóna & 
Auszmann, 2014). Thus, variability in the 
age of acquisition of voicing contrast in 
previous studies may be partly explained by 
the different tasks used and the languages 
examined. A study by Abdul Hamid in 2016 
used a similar procedure as the present one. 
Abdul Hamid (2016) reported that Malay 
monolingual children acquired voicing 
contrast (pre-voiced vs. short lag) at 4-years-
old. However, the present study revealed 
that Mandarin-speaking children acquired 
the voicing contrast in Malay word-initial 
plosives (pre-voiced vs. short lag) at 7 years 
old, except for the plosive /g/. 

The possible explanations for the 
later acquisition of voicing contrast and 
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pre-voiced in Mandarin-speaking children 
may be based on: (i) Motor development 
and coordination, (ii) Cross-Linguistic 
Influence (CLI), and (iii) Perceptual, social 
and environmental factors. 

Motor Development and Coordination. 
Compared to the apparent simplicity of 
voicing lag production in L1, pre-voiced 
in L2 requires a high degree of motor 
coordination (MacLeod, 2016). It requires 
coordination between vocal fold adduction 
and plosives closure, leading to increased 
intraoral pressure (Cho & Ladefoged, 1999). 
During the closure phase, when the oral 
cavity is sealed off, it is difficult for speakers 
to maintain the requisite aerodynamic 
condition (difference in air pressure) for 
vocal fold vibration. In the present study, 
the later acquisition of pre-voiced in Malay 
VOICED plosives supported the idea that 
pre-voiced is more difficult to produce than 
voicing lag. In line with studies done on 
Malay monolingual children (Abdul Hamid, 
2016) and Malay-Mandarin bilingual adults 
(Abdul Hamid et al., 2020), Mandarin-
speaking children (subjects) undergo the 
same process where pre-voiced in /b/ is 
acquired first, followed by /d/ and /g/. The 
shorter the length of the pre-voiced, the 
easier the pre-voiced is produced (Abdul 
Hamid et al., 2020). Plosive /g/ has the 
shortest pre-voiced and requires the highest 
motor coordination. Kent (1976) reported 
that as age increases, the accuracy of 
motor control increases. Children aged 7; 
00 producing pre-voiced VOT proved the 
maturation of motor skills and coordination. 

Cross-Linguistic Influence (CLI). The use 
of the L1 VOT pattern in acquiring voicing 
contrast of L2 was often interpreted as CLI. 
The acoustic analysis of the VOT of initial 
Malay-accented English plosives confirmed 
the presence of CLI (Shahidi et al., 2012). In 
the present study, the absence of pre-voiced 
VOT production in Malay VOICED plosives 
by children aged 3;00 to 6;00 could be a sign 
of influence from L1 (Mandarin) in the VOT 
pattern of L2 (Malay) and yet to acquire the 
phonetic system of L2 (Abdul Hamid et al., 
2020). It was also noted that children aged 
4;00 to 6;00 produced VOT that fell within 
the short and long lag regions, contrary 
to the expected VOT pattern. They used 
the L1 (Mandarin) VOT pattern (short lag 
vs. long lag) in the process of acquiring 
voicing contrast (pre-voiced vs. short lag) 
in L2 (Malay). There is a ‘carry-over’ of L1 
phonetic features of voicing contrast onto 
L2 plosives production, which causes the 
late acquisition of voicing contrast in L2 by 
Mandarin-speaking children. 

Perceptual, Social, and Environmental 
Factors. Flege’s Speech Learning Model 
(Flege, 1995) was developed to account for 
L2 sound acquisition and pronunciation. 
The model claimed that different phonetic 
categories were likely to be established for 
each language if bilinguals perceived some 
of the two languages’ phonetic dissimilarity. 
Thus, it was suggested that bilingual children 
could produce native-like VOT values 
accurately if they perceived the phonetic 
dissimilarity between the sounds of their 
two languages (Tanaka, 2018). In agreement 
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with the model, Davis (1995) suggested that 
pre-voiced acquisition may be tied to the 
acoustic salience of this contrast relative 
to short-leg and long-lag VOT. Aslin et 
al. (1981) studied the VOT perception by 
infants. The results showed that pre-voiced 
VOT was less salient than the short-leg or 
long-lag VOT. Thus, in the present study, 
the later acquisition of pre-voiced at the 
age of 7;00 could be due to pre-voiced in 
L2 (Malay) being less salient than short lag-
long lag contrast in L1 (Mandarin).

According to the normal development 
pattern for VOT production, all plosives 
are produced with short lag VOT initially 
(Zlatin & Koenigsknecht, 1976). Therefore, 
Khattab (2002) proposed that a bilingual’s 
use of short lag instead of pre-voiced 
might be developmental rather than CLI. 
However, bilingualism might hinder the 
acquisition of certain features that require 
early and extensive exposure if bilinguals 
receive inadequate input on these features. 
A study by Khattab (2002) on English-
Arabic children revealed that adequate 
Arabic pre-voiced input at an early age was 
necessary for children to master the complex 
articulatory features required for pre-voiced 
production.

In the present study, Mandarin-speaking 
children acquiring voicing contrast at 
7;00 may be due to the Malay language’s 
inadequate input at a younger age. It is 
similar to the factor suggested by Abdul 
Hamid et al. (2020); the period being exposed 
to L2 causes VOT variation among subjects. 
Children also only began attending primary 
school at the age of 7, which might, in turn, 

have increased the Malay input in their 
environment. Subsequently, this increase 
could have led to pre-voiced becoming more 
salient in their environment, thus explaining 
Mandarin-speaking children acquiring pre-
voiced VOT at 7. It is hypothesized that 
children with maids/ friends/neighbors who 
spoke Malay may acquire Malay’s voicing 
contrast earlier. It is due to the frequency of 
using Malay in communicating increases, 
which then ease acquiring L2 phonetic 
(Abdul Hamid et al., 2020). 

Khattab (2002) also mentioned that if 
parents or caregivers did not consistently 
produce pre-voiced Malay voiced plosives, 
it might affect the child’s acquisition of 
this feature. In the current study, it is worth 
noting that Mandarin-Malay bilingual 
adults did not produce pre-voiced VOT for 
phoneme /g/, similar to Mandarin-speaking 
children. A study by Deuchar and Clark 
(1996) on English-Spanish subjects found 
similar results; children produced VOT 
patterns like their parents, which differed 
from the expected pattern. Further research 
on this topic could consider factors such as 
types of bilingualism (e.g., simultaneous/ 
sequential bilinguals) and the amount of 
exposure to L2.

Multiple Bursts and Aspiration

Although it was not one of this study’s 
objectives, some children were noted to 
produce aspiration and multiple bursts in 
their spectrogram. Aspiration serves as a 
longer noise interval after the stop is released 
and before the vowel. It is a phonetic cue that 
differentiates Mandarin plosives. Therefore, 
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the presence of aspiration suggests CLI 
occurs when Mandarin-speaking children 
produce Malay plosives. It is consistent 
with Abdul Hamid et al. (2020) study on 
Malay-Mandarin bilingual adults. Yang 
(2018) also reported that children tended to 
produce more multiple bursts than adults. 
According to Yang (2018), children produce 
multiple bursts while producing plosives 
because they have smaller articulator sizes 
that cause higher subglottal pressure. High 
intraoral pressure followed by negative 
pressure caused constriction formation for 
subsequent bursts. Thus, multiple bursts in 
plosives are observed. Future studies could 
further examine the relationship between 
VOT and the number of bursts. 

CONCLUSION

The study investigates the age of acquisition 
of voicing contrast in Malay word-initial 
plosives produced by Mandarin-speaking 
children through acoustic analysis of VOT. 
The findings from the study indicate that 
Mandarin-speaking children acquire voicing 
contrast (pre-voiced vs. short lag) in Malay 
word-initial plosives at the age of 7;00. VOT 
distributions follow the developmental path 
proposed by Macken and Barton (1980) 
and Zlatin and Koenigsknecht (1976). The 
further the back the place of articulation, 
the shorter the duration of pre-voiced, and 
the longer the duration of voicing lag (short 
or long), except for the phoneme /t/. The 
voicing contrast’s developmental acquisition 
findings also give insight into the motor 
control mechanism and coordination, CLI, 
and social and environmental exposure 

influence VOT acquisition. As age increases, 
the VOT values approach adult-like VOT 
values. However, interesting findings are 
seen in younger children in this study. They 
did not follow the typical VOT pattern and 
produced multiple bursts of aspiration, 
denoting the carry-over influence of L1 
phonetic features of voicing contrast onto 
L2 plosives production. This information 
helps us to describe the developmental trend 
of phonetic categories in bilingual children. 
The present study had a relatively small 
sample size; further studies using a larger 
sample size and controlling for the duration 
of exposure to L2 are recommended to 
obtain more representative data. 
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