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main performances of unsuccessful L2 acquisition. On the one
hand, mismatch often happens when subjects make clear-cut
substitutions of one phoneme for another. For example, Simon
[11] examined the acquisition of the English laryngeal system by
native Dutch learners. Both languages have a two-way laryngeal
system, but while Dutch contrasts pre-voiced with short-lag
stops, English has a contrast between short-lag and long-lag
stops. Dutch learners often transfer their L1 pre-voiced stops into
short-lag stops in L2 English speech production. Similarly, Flege
found that Spanish monolinguals consistently identified long-lag
English [th] tokens as /t/ in a two-alternative forced-choice test
[12]. On the other hand, compromise appears when subjects’
speech production is a kind of phonetic distortion of the target
phoneme. For instance, native English speakers often tend to
produce voiceless Spanish stops with VOT values that are too
long (i.e., with too much aspiration) [13] while Saudi Arabians
predictably under-aspirate English /ph, th, kh/ even they have
lived for more than two years in the United States [14]. Flege
and Hillenbrand also found that adult French learners of English
produced English /th/ with compromised VOT values that were
intermediate to the short-lag values observed for French
monolinguals and the long-lag values observed for English
monolinguals [15]. Similarly, the French subjects realized
English /th/ with significantly shorter (French-like) VOT values
than English monolinguals; and the native English subjects
realized /t/ in French words with longer (English-like) VOT
values than French monolinguals [16]. All in all, previous
studies have shown that many adult learners produce English /ph,
th, kh/ with significantly shorter VOT values than English
monolinguals, but with longer VOT values than monolingual
native speakers of the learners’ L1 [17-19].
In addition, there are also some studies concerning the L2
acquisition of languages with a three-way stop contrast. Jeffrey
J. Holliday [20] indicated that some learners were unable to
produce the Korean contrast in a native-like way even after one
year of intensive L2 instruction through a longitudinal study of
Chinese speakers with a two-way stop contrast acquire Korean
with a three-way stop contrast. Korean is a language with shortlag, medium-lag and long-lag VOT respectively, and in some
perceptual assimilation studies that have tested L1 listeners from
languages with a two-way stop contrast, such as Japanese [21],
English [22], and Mandarin [23], it was found that Korean fortis
stops were perceived as unaspirated stops (or voiced or short-lag
VOT) in the vast majority of trials, and both Korean lenis and
aspirated stops were perceived as aspirated (or voiceless or longlag VOT), with lenis stops sometimes being a slightly less good
category fit depending on the place of articulation and vowel
context. Ying Ma [24], through acoustic experiments, has
discovered that the VOT of Mandarin voiceless stops produced

Abstract
In the area of second language (L2) acquisition, studies of stop
consonants have focused on those first language (L1) and L2
with a two-way stop contrast and a three-way stop contrast, few
are about languages with a four-way stop contrast. The current
study, mainly concerning VOT, investigates how native speakers
of a language with a four-way stop contrast acquire the two-way
stop contrast in L2. Mandarin presents a two-way stop contrast,
which is primarily differentiated by VOT, whereas Urdu
presents a four-way stop contrast. Speech perception and
production experiments are designed to explore L2 learners with
a more complex language system learning a relatively simple
language system, and the results show that the speech perception
of Mandarin initial stops by native Urdu speakers has no
significant difference compared with those by Chinese speakers
while the speech production by native Urdu speakers is
significantly different from those by Chinese speakers. It
demonstrates that L1 exerts different influences on L2
perception and production separately and sometimes good L2
perception doesn’t mean good L2 production. This study has
made some contribution about the four-way stop contrast in L2
acquisition and will shed light on L2 learning.
Index Terms: two-way stop contrast, four-way stop contrast, L2
speech perception and production, VOT

Introduction
Stop consonant (or plosive) has played a significant role in
languages since it exists in all world languages [1]. Previous
research has shown that VOT, CF0 (consonant-induced F0) [5,
[6] and voice quality [7] are relevant acoustic cues of stop
contrast. A great many of cross-language studies [8-10] have
provided ample evidence that VOT is the main acoustic correlate
of laryngeal distinction in voicing, and it has been used to
separate initial stop consonants of different languages into twoway stop contrast, three-way stop contrast, four-way stop
contrast and more than four-way stop contrast [1, 8, 9]. Such
phonological categories, to some extent, have represented
challenges in the area of L2 acquisition [10]. This study, mainly
based on VOT, aims to explore the perception and production of
Mandarin initial stops by native Urdu speakers.
Considerable studies over the past few decades have
provided strong evidence that L1 exerts an influence on the L2
acquisition, especially when L1 and L2 possess different groups
of stop category. Numerous studies have been focusing on the
L2 acquisition of a language with a two-way stop contrast by L1
speakers of languages that also have a two-way stop contrast.
VOT mismatch and compromise of stop consonants are two
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by native Korean speakers, influenced by Korean lenis and fortis,
is between Mandarin voiceless stops and Korean lenis.
As we can see, there are voluminous academic work
contribute to L2 acquisition of languages with a two-way stop
contrast and some work about languages with a three-way stop
contrast, but few are about languages with a four-way stop
contrast. Therefore, the current study investigated the case of L1
speakers of Urdu, a language with a four-way stop contrast
among negative long-lag, negative short-lag, short-lag and longlag VOT stops (i.e. voiced aspirated, voiced unaspirated,
voiceless unaspirated and voiceless aspirated stops), learning
Mandarin, a language with a two-way stop contrast between
short-lag and long-lag stop contrast. As shown in Table 1, there
are 18 stops in Urdu, and they are all four-way stop contrast
except the uvular /q/ and glottal /ʔ/. There are two noteworthy
features of the inventory of consonant phonemes in Urdu, among
which the distinction between voiced aspirated and unaspirated
stops contribute to its difference from its European cousins [25].
Concerning the topic of this study, only bilabial, dental and velar
stops in Urdu are considered. There are 6 stops in Mandarin as
shown in Table 2, and they are differentiated by aspiration into
two groups, voiceless aspirated and unaspirated stops.
Aspiration of Mandarin stops represents a great challenge for
those who learn Mandarin as an L2. It’s said that Kenneth L.
Pike can’t pronounce Mandarin aspirated stops well even though
he is a famous American linguist with excellent articulatory
skills and profound theoretical knowledge [26]. Aspirated stops
are also one of the difficulties for Japanese speakers [27] and
European language speakers [28]. In the process of annotation,
it’s also found that aspiration is difficult for Urdu speakers, for
instance, they often pronounce Mandarin /ph/ as /p/. Although
both languages share similar voiceless stop category, there are
still differences between them, such as orthography [29], subtle
differences of VOT values, etc. The purpose of the study is to
examine what challenges the differences between Mandarin and
Urdu stops have given rise to in L2 acquisition.
Table 1: Stops of modern standard Urdu [29].
unaspirated
unaspirated
aspirated
aspirated

Bilabial
p
b
bh
ph

Dental
t
d
dh
th

Retroflex
ʈ
ɖ
ɖh
ʈh

Velar
k
g
gh
kh

Uvular
q

Glottal
ʔ

Table 2: Stops of standard Mandarin Chinese [30].
Bilabial
Dental
Velar
unaspirated
p
t
k
aspirated
ph
th
kh

Design and Methodology
Two experiments have been conducted in this part, one
perception and another production of Mandarin initial stops by
native Urdu speakers. All experiments were programmed and
presented to participants using Matlab.

students with HSK 5. Informed written consents were obtained
from all participants before the experiment begins.
2.1.2 Stimuli
VOT values of stops vary even in the same category, thus the
materials used in the experiment below were derived from
naturally reading materials of Mandarin monosyllables. These
monosyllables are chosen from the BLCU-SAIT speech corpus,
including those speech pronounced by one male and one female
who have passed the Putonghua Shuiping Ceshi, the national
standard Mandarin proficiency test in China, with the first-level
certificate. Speech materials are consonant-vowel (CV) syllables
(as shown in Table 3), which were used to make continua from
aspirated sounds to unaspirated counterparts by cutting back
VOT values in equal steps. Every continuum has ten stimuli, and
they are constructed through Praat script [31].
Table 3: CV syllables used for speech continuum synthesis.
/a/
/ph/
[pha]
/th/
[tha]
/kh/
[kha]
2.1.3 Procedure
A familiarization task was presented before each identification
and discrimination task to make participants know how to
manage the computer and the experiment procedure.
In the identification test, participants were presented with
single tokens chosen randomly from the VOT continua. For each
token presented to them, they had to decide which one they heard
and mouth-clicked on the right answer shown on the computer
screen (e.g. ba and pa; da and ta; or ga and ka). For each
continuum, participants were presented with 3 repetitions of
each token in the test phase. This made a total of 90 trails (three
syllables × ten steps × three repetitions) presented in a random
order. The intertrial interval was set to 1s both in the training
phase and the testing phase. Participants were asked to label the
target syllable with a forced choice between two Chinese
syllables on the screen. They could listen to each language
sample as often as they liked.
In the discrimination test, the method of Peng [32] were
adopted, stimuli were presented in pairs. For each speech
continuum, a total of 26 pairs, 16 consisted of two different
stimuli separated by two steps on the speech continuum, in either
forward (1-3, 2-4, 3-5, 4-6, 5-7, 6-8, 7-9, 8-10) or reverse order
(3-1, 4-2, 5-3, 6-4, 7-5, 8-6, 9-7, 10-8), and 10 consisted of the
10 stimuli on the speech continuum each paired with itself (same
pairs). The above 26 pairs were repeated to each participant for
three times randomly. After hearing each pair, participants were
instructed to judge whether the two stimuli were identical or not,
and to mouse-clicked on a “same” or “different” option on the
computer screen. The identification and discrimination tasks
took approximately 30 to 40 minutes.
1.2. Production

1.1. Perception

The production data in this part was also collected from the
BLCU-SAIT speech corpus, and participants consist of 40
speakers (20 Chinese speakers and 20 Urdu speakers, age range:
22 to 29 years. Urdu speakers all have the certificate of HSK 5. ),
and none reported any speech or hearing impairment at the time
of testing. Informed written consents were obtained from all
participants before the recording begins. All the production
materials have been labeled by three graduate students with
phonetics background, and only correct pronunciation of initial

2.1.1 Participants
The participants were 15 native Chinese-speaking adults (9
females, 6 males, age range: 22 to 24 years) and 15 native Urduspeaking adults (12 males, 3 females, age range: 21 to 29 years)
with no self-reported history of speech, language, or hearing
problems. All Chinese participants are graduate students, and all
Urdu participants consist of undergraduate and graduate
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stops have been adopted in the experiment. Thus, voicing errors
or place of articulation errors were not included in the analyses.
In a nutshell, 5841 Mandarin monosyllables beginning with
stops in the initial position were considered in the production
experiment. These syllables have covered almost all possible
vowel context with stops in Chinese. Their VOT were measured
by Praat scripts after adjusting all results of automatic
segmentation carefully.

are the opposite. This result is in keeping with what shown in
Figure 1.
The results of speech perception experiment are shown in
Figure 3 (a) to (c). From the three figures, we can see that as for
the continuum /pa/-/pha/ and /ta/-/tha/, the category boundaries
for Chinese and Urdu speakers are both between stimulus 5 and
6, and the categorical boundaries of Urdu learners falls at a later
point than those of Chinese speakers of these two continua. For
continuum /ka/-/kha/, the categorical boundary is approaching
stimulus 5 for native Urdu speakers and between stimulus 5 and
6 for Chinese speakers. Although the category boundaries of
continuum /ka/-/kha/ between Chinese and Urdu speakers varies
more than those of continuum /pa/-/pha/ and /ta/-/tha/, there is no
significant difference of the category boundaries between
Chinese and Urdu speakers (p>0.05). The discrimination peaks
of continuum /ka/-/kha/ of Chinese and Urdu speakers differs
more widely than those of continuum /pa/-/pha/ and /ta/-/tha/. The
discrimination peaks of these three continua also have no
significant difference between Chinese and Urdu speakers
(p>0.05). Taken together, it can be speculated that Urdu learners
have formed the ability of categorical perception of Mandarin
aspirated and unaspirated initial stops, and such ability is nearly
same with Chinese speakers.

Results
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Figure 1: Box plot of VOT values of initial stops in Mandarin
monosyllables produced by native Chinese speakers (CNS) and
Urdu learners of Chinese (ULC).
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The perception and production data of the above two
experiments have been collected.
Figure 1 and Figure 2 are the results of speech production
experiment. We can see from the Figure 1 that the mean VOT of
Mandarin aspirated initial stops produced by Urdu speakers are
smaller than those produced by Chinese speakers (p<0.01),
while the mean VOT of Mandarin unaspirated initial stops
produced by Urdu speakers are larger than those produced by
Chinese speakers (p<0.05), and an independent sample t-test
confirmed their significant difference. Urdu speakers have
produced more outliers than Chinese speakers, which indicates
that their VOT production of Mandarin initial stops has more
disturbance.
From Figure 2 (a) and (b), we know that both Mandarin
aspirated and unaspirated initial stops produced by Urdu
speakers have wider VOT distribution than those produced by
Chinese speakers. The VOT range of unaspirated stops is from
20ms to 160ms and those of aspirated stops 20ms to 220ms
produced by Urdu speakers while the VOT range of unaspirated
stops is from 20ms to 120ms and those of aspirated stops 60ms
to 200ms produced by Chinese speakers. And the VOT between
aspirated and unaspirated stops produced by Urdu speakers has
much more overlap. The different peaks of aspirated and
unaspirated stops in Figure 2 (a) and (b) indicate that the VOT
of Mandarin aspirated initial stops produced by Urdu speakers
are smaller than those by Chinese speakers, but unaspirated ones
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Figure 2: The frequency of VOT values of Mandarin monosyllables produced by Chinese speakers (a) and Urdu speakers (b).
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(c)
Figure 3: Identification (solid lines) and discrimination (dashed lines) curves of continuum /pa/ - /pha/ (a), /ta/ - /tha/ (b) and /ka/ /kha/ (c). Blue lines represent Urdu learners of Chinese (ULC) and Orange lines serve for native Chinese speakers (NCS).
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sounds sometimes are not correlated or moderately correlated
[40, 41]. According to Strange [42], L2 segmental production
and perception by experienced speakers of an L2 may be
“uncorrelated”. Congruent with the latter opinion, this study
showed little relationship between perception and production of
Mandarin initial stops by native Urdu speakers.

Discussion
The current study has examined the perception and production
of Mandarin initial stops by native Urdu speakers. Speech
perception and production experiments have been applied to
investigate their L2 acquisition. In this study, we have taken one
step further toward the four-way stop contrast in the area of L2
acquisition.
The perception results indicate that the perception of
Mandarin initial stops by Urdu and Chinese speakers is similar
as there is no significant difference between identification and
discrimination of stop continua by them, which demonstrates
that it’s relatively easy for Urdu speakers to perceive Mandarin
initial stops and they can master the perception of these
phonemes after a period of learning. As there are four-way stop
contrast in Urdu, including the two laryngeal types in Mandarin,
Urdu learners are at a higher start point in learning Mandarin
initial stops than others whose languages have totally different
laryngeal types from Mandarin. The stop consonant system of
Urdu has already had voiceless aspirated and unaspirated stops,
which enable Urdu speakers advantages to perceive Chinese
counterparts. To a certain extent, the laryngeal system of Urdu
facilitates their perception of Mandarin initial stops. The results,
to a certain extent, also conform with a theory that those
languages with a more complex language system will learn a
language with a more simple language system easily [33].
In comparison, the production of Mandarin initial stops of
Urdu and Chinese speakers is significantly different, which
demonstrates that Urdu speakers are poor in producing
Mandarin initial stops authentically. In other words, their
production of Mandarin initial stops is accented. Although there
are also voiceless aspirated and unaspirated stops in Urdu, they
are different from those of Mandarin in the duration of VOT
[34, 35]. As the VOT of Urdu voiceless stops (aspirated stops
are shorter while unaspirated ones are longer) are different from
Mandarin counterparts, Urdu learners of Mandarin tend to
compromise VOT affected by their L1. Furthermore, we have
evidenced that Mandarin initial aspirated stops produced by
native Urdu speakers differ much more from those produced by
Chinese speakers compared with the unaspirated ones. Because,
on the one hand, there is a very strong favoring of voiceless
unaspirated stops over the voiceless aspirated ones in Urdu [29].
Whereas the full utilization of the four-way opposition of stops
in the phonological paradigm of Urdu is a response to the
communicative need for distinctive units, the marked skew in
the frequency of usage for the four stop types in the language
system is a response to the physiological-acoustic and human
behavior constraints in their production. On the other hand,
compared with unaspirated stops, aspirated ones are more
marked [36], which, to some extent, prevents the target-like
speech production of L2 learners.
Finally, the results show something about the relationship
between speech perception and production. Previous studies
have demonstrated mixed results of the relationship between
speech perception and production. Former studies have shown
evidence of both association and dissociation between two
modalities. Perceptual Assimilation Model (PAM) [37, 38] and
Speech Learning Model [39] suggest a close relation between
perception and production. They argued that those who have
excellent L2 speech perception are also good at L2 speech
production, and they indicated that L2 production ability can be
reflected by L2 perception. However, some studies found L2
learners’ perception and production accuracy of non-native

Conclusion
We have examined the VOT perception and production of
Mandarin initial stops by native Urdu speakers in this study.
The question was explored through perception and production
experiments. Overall, the results demonstrated that the
perception of Mandarin initial stops of Urdu speakers is close
to those of Chinese speakers while the production of Mandarin
initial stops by native Urdu speakers has significant difference
from those by Chinese speakers. These results suggest that
when two languages use VOT to cue stop contrasts differently,
L1 speakers of one language learning the other one as an L2
will often fail to produce L2 stops with native-like VOT. For
learners of L1 with a four-way stop contrast learning L2 with a
two-way stop contrast, the speech perception precedes
production and there is little relationship between speech
perception and production. This study has made some
contribution about the four-way stop contrast in L2 acquisition
and will shed some light on L2 acquisition.
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