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ABSTRACT 
 
This study investigates the durational characteristics 
of three types of word-initial Korean plosives (fortis, 
lenis, aspirated), with a focus on the correlations 
between Closure duration (CD), Voice onset time 
(VOT), and the following vowel. Read speech of 15 
native Korean speakers was recorded. The results 
show that (1) the VOT of aspirated plosives is as short 
as that of lenis plosives (even shorter in the case of 
velars), (2) CD plays a more important role in 
distinguishing Korean plosives than VOT, and (3) the 
durations of CD and VOT are dependent on one 
another in a complementary relationship. (4) In 
general, plosive duration influences vowel length (the 
longer the plosive, the shorter the vowel); particularly, 
(5) VOT is closely correlated with vowel length 
across place and manner of articulation. In sum, CD 
and VOT of Korean plosives influence each other and 
partially also the duration of the following vowel. 
 
Keywords: Korean plosives, Closure duration, Voice 
onset time, Vowel duration, Durational compensation 

1. INTRODUCTION 

Plosives (henceforth also called ‘stops’) are 
characterized by two articulatory phases, with closure 
and release occurring consecutively before the onset 
of the following vowel. The time intervals of stop 
closure, known as Closure duration (CD), and of stop 
release, known as Voice onset time (VOT), vary 
depending on plosive type and place of articulation. 
The variation in the durations of CD and VOT arises 
in a complementary relationship, i.e. a long CD 
induces a short VOT and vice versa, and results in a 
limitation of the total duration of vocal fold opening 
[19, 4]. The durational adjustment occurs not only 
within a plosive, but also with an adjacent vowel. In 
particular, previous studies on pre-consonantal 
vowels in different languages have provided evidence 
that vowel length is determined by the relative length 
of neighboring consonants, i.e. longer vowels shorten 
the VOT of the following stops, e.g. in varieties of 
English [25], and also in the Central Bavarian dialect 
of German [9]. Conversely, durational compensation 
between vowels and preceding consonants seems to 
be less common. 

The three types of homorganic plosives in Korean 
are all voiceless in word-initial position and are 
differentiated by the amount of [aspiration] as follows: 
fortis /p*, t*, k*/1 (unaspirated), lenis /p, t, k/ (slightly 
aspirated), and aspirated /ph, th, kh/ (strongly 
aspirated). These properties lead to the differences in 
VOT, fortis with short-lag, lenis with rather longer, 
namely ‘intermediate’-lag, and aspirated with long-
lag [18, 6]. However, more recent studies (e.g. [23, 
11, 3]) have found an overlap, commonly known as 
‘merger’ of VOT between lenis and aspirated plosives, 
especially in the Seoul dialect, which is generally 
considered as Standard Korean. Regarding CD 
duration in Korean word-initial plosives, fortis 
plosives have the longest CD with a large duration 
overlap with aspirated plosives, which have the 
second longest CD, while lenis plosives have the 
shortest duration [16, 5]. 

Korean has been posited to lose its distinctive 
vowel quantity. Although vowel length distinctions 
are still preserved in a few homonyms, native Korean 
speakers barely distinguish between long and short 
vowels [20, 21] (see also [12, 24]). Despite the loss of 
phonemic vowel length contrasts, vowels before or 
after plosives appear to vary according to allophonic 
distribution. An electromyographic study [10] found 
that a preceding plosive affects the duration of the 
neighboring vowel more than a following plosive 
does, in terms of the voicing gesture: the larger the 
glottal opening area of stops, the larger the degree of 
devoicing of the following vowel. For instance, vowel 
devoicing was rarely observed after word-initial fortis 
stops associated with a very small glottal opening 
area (see also [7]). The voicing gesture may trigger a 
reduction in the actual time interval of the post-
consonantal vowel, but this aspect was not examined 
in the current study. 

Based on these insights, we hypothesize that the 
two basic acoustic cues of Korean word-initial 
plosives (i.e. CD and VOT) adjust their durations in a 
compensatory behavior, and are also related to the 
duration of post-consonantal vowels. In order to 
verify these hypotheses and to gain a better 
understanding of the relative durational behavior in 
Korean stops, a carefully designed corpus of read 
speech was collected from 15 native speakers of 
Korean (cf. § 2). 
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2. METHOD 

2.1. Participants 

15 native Korean speakers were recruited (13 female, 
2 male; aged 20-29 years, mean 22). All subjects 
speak the Seoul dialect and had lived abroad for less 
than one year. 

2.2. Speech materials 

A reading task was conducted with a list of Korean 
interrogative sentences, which all begin with the 
interrogative adverb eonje ‘when’. A word pair item 
‘A and B’ was embedded in the carrier sentences, 
where the target word containing a word-initial 
plosive always appeared in the A position (e.g. /b/ in 
eonje baji-wa chima-reul ibeoyo? ‘When do you wear 
pants and skirts?’). A total of 72 test sentences were 
created (3 places of articulation x 3 plosive types x 2 
vowels x 4 word pair types). Additionally, 10 warm-
up sentences with other initial consonants were 
presented to the participants at the beginning of the 
experiment. The warm-up sentences only contained 
actual Korean words. 

The pairs of the target words were mixed with real 
and pseudo-words. Only disyllabic words (CVCV, 
CVCVC, CVCCV, and CVCCVC, with C indicating 
a consonant and V a vowel) were used to elicit a 
minimal pair-like speaking style with a maximally 
careful articulation. Only the vowels /a/ and /o/ 
followed the initial plosives of the target words. 
Overall, a total of 1,080 tokens (72 words x 15 
subjects) were collected for analysis. One recording 
was excluded due to an excessive pause before the 
target word. 

2.3. Experimental procedure 

The experiment began with the warm-up sentences, 
followed by the sentences containing the target words, 
which were randomly displayed on a computer screen, 
following the procedure used by [15]. Normally, 
speakers read the given sentences aloud only once, 
but they could repeat them if they mispronounced a 
part of the sentence. 

The production task was recorded using 
SpeechRecorder software [8] in soundproof 
recording facilities at the University of Zurich, 
Goethe-University Frankfurt, and the Acoustics 
Research Institute in Vienna. The following 
microphones were used for the recordings: a Røde 
NT2-A microphone in Zurich; a Røde Lavalier 
microphone attached to a Zoom H4n audio recorder 
in Frankfurt; and a AKG C451EB microphone in 
Vienna. The recordings were all sampled at 44.1 kHz 
and 16 bits.  

2.4. Acoustic analysis 

The three main acoustic cues, i.e. the CD and VOT of 
the initial plosive and the duration of its following 
vowel, were measured using Praat [2]. The following 
time intervals were all manually segmented: for CD, 
the interval from the voicing offset of the preceding 
vowel to the stop release; for VOT, the interval from 
the stop release burst to the voicing onset of the 
following vowel; and for the vowel, the interval from 
the onset to the offset of vocal cord vibration. 

The durations of all target intervals (CD, VOT, 
vowel) were normalized by calculating z-scores to 
reduce the impact of the phonotactic context and to 
control for speech rate in the collected recordings. 

2.5. Statistical analysis 

Linear mixed-effects models were implemented in R 
[22] to estimate the complementary durational 
relationship between the main acoustic cues 
depending on their segmental context using the R 
packages lme4 [1] and lmerTest [14]. The analysis of 
variance models included as dependent variables the 
z-scored CD duration (CDnorm), the z-scored VOT 
duration (VOTnorm), the z-scored plosive (CD plus 
VOT) duration (Plosivenorm), and the z-scored 
duration of the following vowel (Vowelnorm), 
respectively. All models used the fixed effects plosive 
type (lenis, fortis, aspirated), place of articulation 
(bilabial, alveolar, velar), first syllable (CV, CVC), 
and vowel (/a/, /o/), as well as the random effects 
speaker and target word, including both random 
intercepts and random slopes.  

We report the results of type III F-tests and the 
corresponding p-values computed with the 
Satterthwaite’s method, and corrected with the Tukey 
method, using the R package emmeans [17]. 
Correlations were calculated with Pearson’s product-
moment correlation. 

3. RESULTS 

3.1. Closure duration and Voice onset time 

The results for CDnorm showed that both plosive type 
(F[2, 71.4] = 227.3, p < .001) and place of articulation 
(henceforth PoA, F[2, 71.4] = 66.9, p < .001) had 
highly significant effects on CD duration. The 
interaction of plosive type*PoA (F[4, 71.4] = 4.3, p 
< .01) also influenced the CD values. As shown in 
Figure 1, fortis plosives had the longest CD duration, 
followed by aspirated plosives, with lenis plosives 
having the shortest CD duration. Regarding PoA, CD 
values consistently decreased from bilabial to velar (a 
pattern which is well-known for VOT as well; cf. [9]). 
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As concerns the three types of plosives, the VOT 
values showed exactly the opposite results. Fortis 
stops had very short absolute VOT values and lenis 
stops had relatively longer VOT values (see Table 1), 
consistently with previous findings (e.g. [13, 6, 23]). 
Aspirated stops, however, exhibited much shorter 
VOT values, which is inconsistent with previous 
reports (cf. ibid.). 
 

 Absolute VOT (ms) Z-scored VOT 
fortis 18 ± 8 −1.13 ± 0.31 
aspirated 61 ± 17 0.58 ± 0.67 
lenis 61 ± 19 0.55 ± 0.73 

 
Table 1: Mean and standard deviation for plosive 
types calculated from absolute VOT values (in 
milliseconds) and z-scored VOT values. 

 
The results of pairwise comparisons in the model 

of VOTnorm supported that the ‘merger’ of VOT 
between lenis and aspirated plosives was clearly 
present in all PoAs (see Table 2 and light gray boxplot 
in Figure 1). Additionally, lenis plosives had a 
relatively greater standard deviation than aspirated 
plosives, suggesting that some lenis obstruents were 
even longer than aspirated ones. This occurred 
primarily in the case of alveolar and velar plosives. 
 
 estimate SE df t.ratio p-value 
bilabial 0.09 0.13 72.0 0.70 0.76 
alveolar −0.03 0.13 73.4 −0.24 0.97 
velar −0.07  0.13 71.9 −0.57 0.84 
 

Table 2: Pairwise comparison evaluation of 
VOTnorm between aspirated and lenis plosives 
according to PoA (bilabial, alveolar, velar). Results 
are averaged for the levels first syllable and vowel. 

 
Regarding PoA, VOT durations were longest for 

velar plosives compared to the other two more 
anterior places (bilabial-velar: estimate = −0.22, 
Standard error, henceforth SE = 0.08, df = 72.4, t = 

–2.89, p < 0.05; alveolar-velar: estimate = −0.29, SE 
= 0.07, df = 73.0, t = –3.91, p < .001) for all plosive 
types. The difference between bilabial and alveolar 
plosives was not significant (estimate = −0.07, SE = 
0.07, df = 72.5, t = −0.96, p = 0.60; see also Figure 1). 

3.2. Intrasegmental interaction within a plosive 

The duration of the plosive phases changed steadily 
in an inverse relationship: a longer CD was followed 
by a shorter VOT and vice versa (see Figure 1). The 
result of the Pearson’s correlation test supported the 
negative correlation between CDnorm and VOTnorm (r = 
−0.32, p < .001). This duration correlation was 
observed across plosive type and PoA, except for 
fortis and aspirated plosives at the alveolar place of 
articulation, where the shorter CD duration was not 
accompanied by longer VOT duration. Velar lenis 
plosives also displayed a marginally reduced CD 
duration compared to the alveolar lenis plosives, but 
they consistently maintained the ‘short CD plus long 
VOT’ pattern. 

3.3. Intersegmental interaction between the target 
plosive and its following vowel 

The target words were classified into two groups 
based on the first syllable: the CV group, embedding 
an initial consonant and a vowel, and the CVC group, 
containing an additional consonant in coda position. 
In both groups, the results of the regression analysis 
showed that plosive types had a significant effect on 
Plosivenorm (F[2, 71.9] = 92.8, p < .001) and Vowelnorm 
(F[2, 70.6] = 132.3, p < .001). Vowel duration was 
reduced in the order of fortis > lenis > aspirated, 
whereas plosive duration was marginally negatively 
correlated (r = −0.14, p < .001; see also Figure 2). 

Figure 2 shows that the plosive and vowel 
durations were both shorter in the CVC syllables than 
in the CV syllables. In particular, the vowel duration 
was drastically reduced. 

Figure 1: CDnorm, VOTnorm, and Plosivenorm, for fortis, aspirated and lenis plosives 
according to PoA (bilabial, alveolar, velar). 
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Figure 2: Plosivenorm and Vowelnorm for fortis, aspirated, 
and lenis plosives in the two different syllable types. 

 
In contrast to the plosive type, the effect of PoA 

was less relevant to the interplay between Plosivenorm 
and Vowelnorm. For aspirated and lenis plosives, the 
decrease in vowel duration values was proportionate 
to the reduced consonant length in both CV and CVC 
syllables (see Figure 3). Conversely, for fortis 
plosives, the variation in the duration of the two 
segments was irregular for both types of syllables on 
the basis of PoA. 

 

 
 

Figure 3: Durational variation of VOTnorm, Plosivenorm, 
and Vowelnorm, for fortis, aspirated, and lenis plosives 

according to PoA and syllable type. 
 
Nevertheless, vowels gradually decreased in 

duration from the bilabial to the velar place of 
articulation of the preceding plosive (PoA effect on 
Vowelnorm: F[2, 70.7] = 11.8, p < .001), with the 
exception of alveolar fortis, velar aspirated, and 
alveolar lenis plosives in the CVC syllables. Similarly 
to the complementary relationship between CD and 
VOT (see § 3.2), this pattern was closely related to 
VOT alone in terms of durational compensation, as 
indicated above. 

4. DISCUSSION 

The present study investigated durational correlations 
within a plosive (intrasegmental) and between a 
plosive and a vowel (intersegmental) in word-initial 
plosives in Standard Korean. The findings on the 
acoustic cues of plosives and their internal and 
external interactions with adjacent segments can help 
shed more light on the acoustic properties of Korean 
plosives. 

The results showed that (young) Korean speakers 
tend to produce aspirated obstruents with shorter 
VOT than reported in previous studies (e.g. [23, 11, 
3]), especially for velar place of articulation. This 
points towards a merger between lenis and aspirated 
plosives and suggests that VOT alone does not seem 
to distinguish the different amount of aspiration any 
longer; rather the presence/absence of aspiration does, 
particularly when plosives are articulated in word-
initial position (for word-medial plosives, see [10]). 
Instead, the lack of distinctiveness of VOT seems to 
be compensated by CD as an additional acoustic cue. 
This coherent pattern of variation in closure duration 
indicates that CD may play an essential role in 
discriminating lenis and aspirated plosives, regardless 
of place of articulation. As hypothesized, the 
lengthening of CD may serve as a means of adjusting 
the durations of CD and VOT in terms of a 
complementary relationship (see also [5, 6]). 

Moreover, total plosive duration and vowel length 
were interdependent in that they were inversely 
related across plosive types. In particular, VOT 
considerably affected the duration of the following 
vowel: vowels were longer after unaspirated stops 
than after (slightly/strongly) aspirated stops. This 
variation in vowel duration is in line with a universal 
pattern of vowel length in CV or VC sequences [19, 
4]. Furthermore, both directions of the transition from 
C to V or from V to C did not cause an unexpected 
pattern of vowel length variation. In other words, the 
adjacency between plosives and vowels itself plays a 
key role in adjusting the duration of target segments 
in a complementary relation. 

5. CONCLUSION 

In the present study, the three types of Korean 
plosives were clearly distinguishable in CD and VOT. 
These acoustic cues were closely interdependent in 
terms of a complementary adjustment of their 
durations, and this durational compensation showed a 
rather regular pattern across places of articulation. 
Moreover, vowel length distinction was highly 
interrelated with the presence/absence of aspiration. 
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_______________________________ 
1 The [+tense] feature of Korean fortis consonants is often 
marked with the diacritic /*/ (e.g. in [6]). 
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