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Abstract

This is a study of Korean and Hindi stop consonants p, t, k in terms of VOT
(Voice Onset Time) duration and VLT (Voice Lead Time). VOT durations were
measured from word-initial and word-medial stop consonants from native
speakers of Hindi, and Korean. In order to draw inferences for SLA (Second
Language Acquisition) and pedagogical implications similar data is also
recorded from five native speakers of Hindi who were learning Korean as a
second language. So, three data sets, viz. L1 Hindi, L2 Korean, and L1 Korean
are used.

Key words: VOT, VLT, Second Language Acquisition, tense and lax
vowels.

1. Introduction

This paper discusses the differences of the acoustic features of Voice-Lead
Time (VLT) and Voice-Onset Time (VOT) in L1 and L2 Korean and L1 Hindi
stop consonants by contrasting the three stop consonants. As cited in Port
(1979:654) VOT plays a major role to distinguish initial voiced and voiceless
(or lax and tense) stop in English as well as in numbers of other languages such
as Hindi. Voiceless stop /p, t, k/ have positive VOT with voicing lagging after
release burst, and the term aspiration is used to describe the auditory effect
accompanying this voicing lag. On the other hand, voiced stop /b, d, g/ have
either negative VOT (i.e. Voice Lead Time) or very short VOT. However,
VOT duration depend not just on the voicing feature, but is also very sensitive
to various other acoustic features.

Both Hindi and Korean stop consonants have their own unique acoustic
properties. Hindi stop consonants have four-way contrasts which are Voiced
Stop (VS) / Voiceless Stop (VLS) / Voiced Aspirated Stop (VAS) / Voiceless
Aspirated Stop (VLAS), Korean stops have three-way contrasts which are Lax /
Tense / Aspirated. According to the categorization, voicing feature is an
important cue to characterize Hindi stop consonants, whereas there is no voiced
stop consonant in Korean word-initial stop consonants. Therefore, when it
comes to the contrastive analysis of the two languages, even if a stop sound of
both languages seems to be similar, the actual acoustic feature may be different
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from each other. This qualitative difference may cause errors in Hindi speakers
L2 Korean stop consonants. For example, Korean & /p/ stop is pronounced as
voiceless at word-initial position, and it also can be pronounced as voiced [b]
when it is placed between vowels in word medial position, and it is also
pronounced as a tensed sound [p’] when it comes at the syllable final position
and at the same time it is not followed by an vowel or nasal consonant. In
contrast, Hindi voiced stop consonants are always pronounced as voiced
whether they occur at word initial or word medial positions. Because of this
qualitative difference between two languages, Hindi speaking L2 Korean
learners may face interference in their speech production. The paper studies
how these different features of L1 Hindi stop consonants compare and contrast
with L1 Korean stop consonants and may also lead to transfer to L2 Korean
stop consonants in terms of £ VOT.

One of explanations dealing with linguistic transfer is contrastive analysis
hypothesis. It is a comparative study which is to research the differences or
similarities between two or more languages, and is a useful method for 2"
language education. Although contrastive analysis hypothesis faces criticism, it
is still valid in analysis of some linguistic aspect especially it is a valuable
method to describe the cause of errors in phonetics and phonology (Dulay et al.
1982). According to Selinker (1992), language transfer is a very wide concept
of inter and intra lingual influence, and the consensus view of language transfer
is not an ‘all or nothing’ phenomenon. So, various approaches have been used
to explain it so far. Despite the commonly recognized criticism, contrastive
analysis is important as a preliminary step to understanding the range of
similarities and differences across languages and subsequently for the purpose
of language pedagogy one may formulate hypothesis of language transfer from
one linguistic structure to another. This is because syntactic, lexical,
grammatical and semantic interference show far more variation among L2
learners according to the learners’ linguistic background. The articulatory
interference shows relatively less variation, as the articulatory interference
refers to the negative transfer which is the fossilized articulation habit of native
language to the target language. There may be two reasons why learners
pronounce a target language incorrectly like the style of native language. The
first is the case of not recognizing the sound properly. This occurs when the
phonological system of the native language is fixed in the mind in such a way
that the new sound patterns are perceived only through a filter of native
phonological patterns this leads to negative transfer to the target language.
Second, even though the recognition for target language is proper, the
pronunciation errors are made regardless of the intention, due to the articulation
habit which is accustomed to the native language. These phenomena can be
studied through contrastive analysis

2. Methodology

The data for this study was collected from 10 female participants, all in their
twenties; 5 Korean native speakers who are raised in Seoul or Gyeonggi-do
(near capital region) and 5 Hindi native speakers who are learning Korean as a
foreign language in B.A 3" years at Jawaharlal Nehru University and had been
raised in Bihar where Hindi is spoken as a native language.
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There are two sets of stimuli of meaningful word-lists which are including 9
word-initial Korean stop consonants /p, p’, ph, t, t’, th, k, k’, k" for L1 and L2
contrast; and also corresponding 9 word-initial Hindi stop-consonants /b, p’, p",
d, t’, th, g, k’, k% for the contrast of L1s, with adjoining three vowels of /a, i, u/,
and also Korean Lax alveolar stop /t/ at word-medial position with adjoining
three vowels of /a, i, u/ is contrasted and analyzed.

All the words are provided randomly and the participants are asked to speak all
the words three times.

Word List:

Table 1: Word sample of Korean stop consonant

Classification | f.v.| Bilabial Alveolar Velar
a | HtCt/pada/ Ct2| ftari/ 7} C}/kada/
Lax i | HIH| C}/pibida/ C| C| Chitidida/| 7| 7| /kigi/
u | 55 /pubu/ 5 Chituda/ T 5 /kudu/
a | WX C} /p’adzida/ | [LhC/tada/ | 77FEF /kada/
Tense i | B = /pitak/ | E/titop/ | 7| L /Kini/
u | B2l CHpuridy | &= /tubok/ | = /K ubok/
74 & 7t & /kharankha
: a | ItCh/prada/ EfC} /thada/ | ran/
Aspirated i | I 5 fphibu/ E[=/tinun/ | 7| CF 2] /kridari/
u | FC} /phuda/ E ¢ ituip/ | F 2| CF /khurida/

Table 2: Word sample of Hindi stop consonant

Classg‘lcatlo f.v. Bilabial Alveolar Velar
. TUTAT THATH /taklif/ FT=T /kapra/
. /papital
U\n/;’;;?:?tz o i | T i AR rarar /kitab/
=T T fturant/ FHTT /kumar/
! /purana/
AT Ih1 /thakan/ G /khajtr/
a /phaphakn
a/
Voiceless _ THaerT | 19T /thirakna/ | T&=a1 /khicri/
Aspirated i Iphisalna/
. FaEAT 1T /thukana/ gaAT /khudna/
/phudakna/
a ERGIKE TITAT /dabana/ WA /gagan/
iced /barsat/
UnZ:;;?fated i | T /bina/ | == /dimag/ T /ginti/
TE@ & /dukan/ TSI /guzaral
5 /bukar/
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Data was recorded in a language lab or a quiet room to prevent noise using the
Audacity software program (2.3.0.) with ASUS- X201E laptop computer. Then
the recorded data was clipped by word unit and their VOT and VLT is
measured using PRAAT software program. And all the values were tabulated
for further analysis.

There are three contrasts in this paper. The first is the contrast between L1
Hindi and L1 Korean word-initial stop consonants to see how the feature of
+VOT differs in both L1s; and the second is the contrast of L1 and L2 word-
initial stop consonants, to see whether there is significant difference between
the two Koreans and find influence of L1 Hindi to L2 Korean stops; and finally
there is a contrast of L1 and L2 word-medial stop consonants to see the feature
of differences, if it is, in terms of VOT durations. However, only the clearest
token among the three tokens for each stimulus is selected and analyzed for the
first and the second contrast for all 9 stop consonants with 3 adjoining vowels
each, whereas for the third contrast, all three tokens for each stimulus are taken
and analyzed, and for this contrast only Lax alveolar stop consonants of L1 and
L2 Korean word-medial stops of three following vowels, which are /ta, ti, tu/,
are analyzed.

3. Analysis and Discussion

3.1. Contrast of the total duration of £VOT in Hindi and Korean stop
consonant

In this section, we will discuss how voicing property affects to the duration of
articulation by contrasting Hindi and Korean stop consonant. All the 9 Korean
stop consonants are voiceless at word-initial position. On the other hand, two
types of Hindi stop consonants are voiced, i.e. Voiced Stop and Voiced
Aspirated Stop, and they have voicing portion before the burst release. Thus the
voice lead time (VLT, i.e. negative VOT) may affect any of the related
articulation features, such as the plosion duration. To research this, total
duration of + VOT in Hindi and Korean stop consonants are contrasted, and
tabulated below. The duration for L1 Hindi stop consonants is the sum of VLT
and VOT, and it is contrasted to VOT ofL1 Korean stop consonant as Korean
word-initial stop consonants do not have VLT portion. The results are given as
in the table below.
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Table 3: Contrast of £VOT duration of Hindi and Korean stops

Manner L1 Hindi L1Korean Di[ffﬁ:’ﬁcﬂce
of Stops
Articutation| (-\\//IBTT) VOT | VLT+VOT voT —(\|</|5rT&/\€)()T;)]
bp/] 1053 84 113.7 85.9 27.7
vsH)/ [ rdu | 891 7.9 97.0 79.9 17.1
Lax(K) | /gk/| 862 | 225 108.8 102.7 6.1
Ave. | 936 | 1209 106.5 89.5 17.0
Ip'l X 16.1 16.1 23.1 7.0
VLSH)/ | 1t/ X 15.3 153 172 2.0
Tense(K) 1K'/ X 31.3 31.3 28.4 2.9
Ave. X 20.9 20.9 22.9 20
Iph/ X 64.2 64.2 89.2 249
\Z\Eﬁfé'&’ T X 65.6 65.6 90.4 247
p(K) Ik X 843 843 95.3 110
Ave. X 71.4 71.4 91.6 -20.2
Average 46.8 35.1 66.3 68.0 -1.8

Contrasting the VOT mean values of each stop type of L1 Korean stop
consonants and corresponding L1 Hindi stop consonant by each stop type, the
VOT duration of L1 Korean Lax stop is 89.5 ms, and that of correspondingL1
Hindi Voiced Stop consonants is 12.9 ms; and the duration of Korean Tense
stop is 22.9 ms and that of Hindi Voiceless stop is 20.9 ms; and for Korean
Aspirated stop is 91.6 ms, and for Hindi VVoiceless Aspirated stop is 71.4 ms. In
overall, Korean stop consonant has longer VOT than Hindi stop in all three
stop types.

These values are plotted as follows.

Figure 1: £VOT duration contrast of Hindi and Korean stop consonants
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The feature of the total duration of +VOT in Hindi and Korean stop
consonant

1) Korean Lax stop consonants have long VOT duration. In contrast, the
corresponding Hindi Voiced Stop (VS) consonants have the shortest VOT
duration among the three stop types.

2) Hindi Voiceless stop (VLS) and Korean Tense stop have the shortest
VOT duration, and have almost similar value.

3) Incontrast, the VOT durations of Hindi Voiceless Aspirated stop (VLAS)
and Korean Aspirated stop are very long, and Korean Aspirated stop has
longer VOT duration than Hindi VLAS. It shows that there is a tendency
of Korean speakers to pronounce aspirated stop consonants with much
more aspiration than Hindi speakers.

Among the contrast of +VVOT, the contrast of VS(Hindi)/Lax(Korean) shows
the most different feature, because they have very different acoustic properties.
Hindi Voiced Stop has significantly shorter VOT. It is because Hindi Voiced
stop has VLT (i.e. negative VOT) portion before burst release and consumes
the articulatory energy to produce the voicing portion, and causes relatively
very short VOT duration. Therefore when the VLT (negative VOT) duration of
Hindi VS consonant is added to its VOT duration, then the pattern of stop types
becomes similar to Korean Lax Stop consonant as shown above in the diagram.

3.2. Contrast of the VOT duration of L1 and L2 Korean word-initial stop
consonant

As seen above, Korea Lax stop and coresponding Hindi VS consonants have
very different acoustic property in terms of VOT duration. Thus, Lax stop
consonants of L2 Korean spoken by Hindi speakers may include phonation
errors according to contrastive analyis hypothesis. To see the feature, the
contrasts of L1 and L2 Korean stop consonants areconducted as below.
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Table 4:Contrast of VOT durations L1 and L2 Korean stops

Manner L1Korean L2 Korean Difference
of Stops
Articulation VOT vOoT [L1-L2]
Ip/ 85.94 77.50 8.44
It/ 79.90 79.95 -0.05
Lax(K) Ik 102.72 102.63 0.09
Ave. 89.52 86.69 2.82
Ip'l 23.11 16.17 6.94
1t/ 17.23 22.15 -4.92
Tense(K) Il 28.39 40.67 12.08
Ave. 22.91 26.33 -3.42
Ip"/ 89.16 89.85 -0.69
Aspirated /th/ 90.36 83.63 6.73
(K) /Kb/ 95.34 101.35 -6.00
Ave. 91.62 91.61 0.01
Average 68.02 68.21 -0.19

Contrasting the VOT mean values of L1 and L2 Korean stop consonants, the
VOT duration of Lax stops for L1 Korean is 89.52 ms and it is 86.69 ms for L2
Korean; and that of Tense stops for L1 Korean is 22.91 ms and 26.33 ms for L2
Korean; and that of Aspirated stop consonants for L1 Korean is 91.62 ms and it
is 91.61 ms for L2 Korean.

These values are plotted as follows:

Figure 2: VOT duration contrast of L1 & L2 Korean stop consonants

120 VOT Contrast of L1 & L2 Korean stops
100 A
v 80 -
0 60 A
T mL1K
40
mL2-K
20 7
0
ol | M| K| Y| Y | K| e | | Y
Lax Tense Aspirated
Manner of Articulation




Interdisciplinary Journal of Linguistics (1JL Vol. 12)

120 - Average

100 -

80 -

a0 - LK

L2-K

20 A

O T T T
Lax Tense Aspirated

As shown in the table above, there are not many differences in the VOT
duration of L1 and L2 Korean stop consonants. In previous section, we studied
that Korean Tense and Hindi VS consonants have almost similar acoustic
feature in terms of VOT, and Korean Aspirated stops have a bit longer VOT
duration than Hindi VLAS consonants. However, in the case of Lax
(Korean)/VS (Hindi) contrast, they have shown totally different acoustic
features, so more phonation errors were expected in L2 Korean Lax stop
consonants. Nevertheless, it seems like there is no interference of L1 Hindi VS
on L2 Korean Lax stop consonant. It may be caused by the learners’ phonetic
knowledge for L2 Korean stop consonants that Korean stop consonants are all
voiceless at word-initial position, since they have been learning Korean for
more than 2 years. Thus when they were asked for the recording of the stop
sound in given words, they might pay more attention to pronounce them

properly.

Statistical analysis is conducted by using the statistics software R-program
(Rx64 3.5.3), to see whether there is a significant difference between the VOT
durations of L1 and L2 Korean stop consonants. For the VOT contrast of Lax,
Wilcoxon rank sum test is applied as the variables are non-normal distribution
(p=0.02445 of Shapiro-Wilk normality test), and the p-value for Lax is 0.5468.
And the same test is applied for the contrast of Tense and Aspirated, as the
variables are also non-normal distribution (p= 2.365e-07 for Tense, and p=
0.0004873 for Aspirated in Shapiro-Wilk normality test), and the p-value of the
Wilcoxson rank sum test is 0.8591 for Tense, and it is 0.2121 for Aspirated. All
the three p-values are much greater than the significance level of 0.05. Thus it
can be said there is no differences between L1 and L2 Korean stop consonants
in terms of VOT.

The feature of the contrast of L1 and L2 Korean stop consonants

1) VOT durations of L1 Korean stop consonants and that of L2 Korean stop
consonants are almost similar, and there in no such impact of L1 Hindi
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stops to L2 Korean word-initial stop consonants in terms of VOT duration.
It may be caused by the learners’ phonetic knowledge for learning L2 that
all Korean stop consonants are voiceless at word-initial position, thus they
might pay more attention to pronounce them as voiceless sound.

However there may be phonetic interference of L1 Hindi. Thus, in order to
confirm this assumption, we conducted additional contrast of stop
consonants which are in such phonetic environment where the interference
is likely to occur.

3.3. Contrast of the VOT duration of L1 and L2 Korean word-medial
stop consonant

In this section, L1 and L2 Korean word-medial stop consonants, but only
alveolar Lax stops with adjoining vowels of /a, i, u/, are contrasted. As studied
in the introduction section, Korean stop consonants may be pronounced as
voiced when they are placed between voiced sounds such as vowels. The
tokens analyzed in this study are ‘da’ in 5 Ct/tuda/’, “di’ in *C| C| Ct/tidida/’
and ‘du’ in‘ T 5 /kudu/’. The results are given below.

Table5:Contrast of VOT durations of /t/ at word-intial and word-medial

Word-initial Word-medial
Alveola Differenc Differenc
r Lax L1K- L2K- e L1K- L2K- e
Stops VOT VOT [L1- VOT VOT [L1-
L2] L2]
Ct/ta/ | 101.42 97.67 3.75 16.47 8.95 7.52 ms
C| /ti/ 62.64 65.45 -2.82 26.23 3.88 22.35ms
Shul | 75.64 76.73 -1.09 26.81 12.24 14.58 ms
c/t/ | 79.90 ms| 79.95 ms -0.05 23.17ms| 8.36ms | 14.82 ms

As discussed in 3.2, there is no statistical difference between L1 Korean and L2
Korean word-initial stop consonant. It is also consistent in the contrast of /t/
stops of this section. For the statistical verification, t-test was conducted, as the
variables are normal distribution and equal variation, by using the statistics
software R-program. The p-values of the t-test is 0.7478 for Cl/ta/, and it is
0.8135 for C|/ti/, and it is 0.9423 for 5 /tu/. All the p-values are much greater
than the significance level of 0.05. Thus, it can be said there is no statistical
differences between L1 and L2 /t/ in terms of VOT.

However, in the case of word-medial contrast, L1 and L2 /t/ show significant
differences, as the p-value of the t-test for Ct/ta/ is 0.0001223, and for C|/ti/ is
7.239%-14; and for 5 /tu/ is 5.487e-07. All the three p-values are much less
than the significance level of 0.05. Thus the differences are very significant.
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The result shows that;

1) The VOT durations of word-medial stop consonants in L1 and L2 Korean
are significantly shorter than that of word-initial stop consonants. They are
79.9ms vs. 23.17 ms for L1 Korean, and 79.95 ms vs. 8.36 ms for L2
Korean. Although the tokens are of Lax stop consonants, their VOT
durations are similar to the duration of Tense stops.

2) However, the phenomena of shortening of VOT duration at word-medial
position happen in different aspects in both Korean stops. The Hindi
speakers’ L2 Korean stop consonants positioned between voiced sounds
(vowels) becomes voiced stops, and it causes the significant shorting of
VOT duration. This phenomenon is similar to what happens in Hindi voiced
stop. Of the 45 word-medial L2 Korean stops /ta, ti, tu/ pronounced by
Hindi speakers, 38 were pronounced as voiced stop consonants [da, di, du].
This aspect shows that even though Hindi speakers know how to pronounce
the L2 Korean stop consonants sound properly (as already studied in 3.2),
they spontaneously pronounce L2 Korean stops according to the phonation
patterns of Hindi stops, under a phonetic environment similar to Hindi stops.

3) In contrast, the shortening feature of VOT duration for L1 Korean word-
medial stop consonant is different from that of L2 Korean. Comparing the
VOT duration of L1 and L2 Korean word-medial stops, both are shortened
than the case of word-initial stops, however, L1 Korean has relatively
longer VOT duration (23.17 ms) than that of L2 Korean stops (8.36 ms). It
is because Korean native speakers tend to pronounce the shortened word-
medial stop sounds similar to Tense stops (as in the Table 4, the VOT
duration of Korean Tense stop consonants are greater or less than 20 ms),
instead to pronounce them as voiced sound like Hindi native speakers do.
Of the 45 L1 Korean stops of /ta, ti, tu/ at word-medial position, only 1 case
was pronounced as voiced sound [da, di, du], and other 44 case were
pronounced similar to tensed sound [t’a, t’i, t’u] in terms of VOT duration.
It is because there is no voiced sound in Korean stop consonants;
accordingly, Korean native speakers are not familiar with pronouncing
voiced sound. Therefore, even though voiceless stop consonants are
positioned between voiced sounds, where the voiceless sounds become
easily voiced, Korean speakers hardly pronounce them as voiced sounds.

4. Main findings and Pedagogical implications
1) In the contrast of L1 Korean stops and L1 Hindi stop consonants, Lax
(Korean)/ VS (Hindi) showed the most different feature in terms of VOT

duration.

2) Hindi Voiceless stop (VLS) and Korean Tense stop have have almost
similar feature in VOT duration.

3) Korean Aspirated stops have longer VOT duration than corresponding
Hindi Voiceless Aspirated stop (VLAS).

10



Significance of VLT and VOT in the Description of Stop Consonant

4) The VOT duration of L1 Korean stops and L2 Korean stops of Hindi
speakers are very similar in all three stop types.

5) The VOT durations of word-medial stop consonants are significantly
shorter than that of word-initial stop consonants in both L1 and L2 Korean.

6) The shortening aspects at a word-medial stop consonant appear differently
in Hindi speakers L2 Korean and L1 Korean. The feature of shortening of
VOT is similar to the phonation pattern of the speakers’ L1. In the case of
L1 Korean, the VOT durations are shortened as they become similar to the
acoustic features of tensed stops. On the other hand, in the case of the
same stops of L2 Korean, the VOT is also shortened as they become
voiced sounds, in most case. It is because Hindi speakers are familiar to
pronounce voiced sound; thus, unlike Korean speakers, Hindi speakers
pronounce L2 Korean voiceless stop which is between vowels as voiced
sound. It shows that there is interference of L1 Hindi to L2 Korean stop
consonants in terms of VOT duration. It may be caused by the learners’
phonetic knowledge for learning L2that all Korean consonants are
voiceless, thus might pay more attention to pronounce them accurately.
However, in a familiar phonetic environment, Hindi speaking L2 Korean
learners follow their accustomed phonation patterns as in L1 Hindi stops.
Although both of the VOT duration of L1 and L2 Korean stop consonants
are shortened at word-medial position, the aspects are different. L1 Korean
Lax stops are shortened as they become similar to Tensed stops, whereas
in the case of L2 Korean Lax stops, the shortening happens as they become
voiced sounds.
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