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This study examined Korean learners’ production of intervocalic English 
biconsonantal clusters consisting of /p/, /t/, /k/, /m/, /n/, or /�/ followed by 
/l/ or /�/. The results of the production experiment showed several factors 
influencing Korean learners’ production. First, Korean learners’ 
production was influenced by their L1 sound inventory. The 
mispronunciation of a liquid (i.e., /l/ as [�] and /�/ as [l]) was observed and 
this will be due to the fact that [l] and [�] are not contrastive in Korean. 
Second, L1 phonological rules affecting a post-consonantal onset liquid 
influenced Korean learners’ production of English consonant clusters 
containing a liquid. The cluster /tl/ was mostly pronounced as [ll] and /nl/ 
as [ll] or [nn]. In addition, the nasalization of a stop consonant before a 
liquid was attested. Next, Korean learners’ production also exhibited the 
influence of phonetic similarity between the two members of a cluster by 
illustrating relatively lower production accuracy for /tl/, /t�/, and /nl/ 
consisting of two alveolar consonants. Finally, familiarity with the test 
words seemed to be a factor influencing Korean learners’ production. 
Korean learners illustrated relatively lower production accuracy for the 
words outlet and online which are frequently used as loanwords in Korea. 

  

Keywords: L2 production, L1 phonology, liquid, English consonantal 
clusters 

 
 

1 Introduction  

 

According to a number of previous studies, second language (L2) sound 

production is influenced by various aspects of learners’ first language (L1) 

phonology. First of all, L2 learners have difficulty pronouncing the sounds 

which do not belong to their L1 sound inventory. (Eckman et al., 2003; Lado, 

1957; Stockwell & Bowen, 1965; Stockwell et al., 1965). For example, 

according to Seo and Lim (2009), Korean learners of English showed difficulty 
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correctly pronouncing English /z/ and /�/ which do not belong to Korean 

consonant inventory. 

Next, the similarity or difference of contrastive sounds between L1 and 

L2 plays an important role in L2 production. Thus, L2 sounds contrastive in 

L1 are easier to produce while those not contrastive in L2 are harder to produce 

correctly. In Korean, unlike English, [l] and [�] are not contrastive sounds. 

Instead, [l] and [�] are allophones of the same phoneme /L/ which is realized 

as [l] or [�] (or [�]) depending on the syllable position (Cho, 1997; Kang, 2003; 

Lee, 2001; Seo, 2004). Therefore, it has been shown in numerous studies that 

Korean learners of English have difficulty in correctly producing English [l] 

and [�] (Aoyama et al., 2004; Best & Strange, 1992; Borden et al., 1983; 

McClelland et al., 1999). 

 In addition, the wrong application of an L1 phonological rule to an L2 

sound can result in incorrect L2 sound production. In Korean, there is a 

phonological rule changing a stop into a nasal before a nasal, as can be seen 

from /pap + muL/  [pammul] ‘ricewater’, /tot + namuL/  [tonnamul] 

‘sedum’, and /hak-mun/  [ha�mun] ‘learning’ (Seo et al., 2005; Shin & Cha, 

2004; Sohn, 1999). By the production experiment with Korean learners of 

English, Seo et al. (2005) showed that the modification of a stop into a nasal 

before a nasal was observed in Korean learners’ production of English ‘stop + 

nasal’ sequences, for example, pronouncing ‘bookmark’ as [bu�ma�k]. 

In the present study, the influence of Korean phonological rules on L2 

speech production will be investigated. In particular, an English intervocalic 

biconsonantal cluster containing the liquid /l/ or /�/ as its second member will 

be the target of the present study since a post-consonantal onset liquid in 

Korean can be realized as [n] nasalizing its previous consonant or as [l] 

changing its preceding consonant into [l]. Thus, the influence of L1 

phonological rules on L2 production will be studied by investigating how 

Korean learners of English produce English biconsonantal clusters containing 

the liquid /l/ or /�/ in onset position. 

 

 

2 Literature Review 

 

In Korean, an underlying post-consonantal liquid /L/ in onset position is 

realized as [n] or [l] depending on the place of articulation of its preceding 

consonant. 

 

(1) Realization of post-consonantal /L/ in onset position  

(Iverson & Kim, 1987; Iverson & Sohn, 1994; Lee, 2001) 

 

a. after a non-coronal consonant 

/p�p-Ljul/  [p�mnjul]  ‘law’ 
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    /pok-Lak-w�n/ [po�nagw�n]  ‘Paradise Recovered’ 

/sam-Lju/  [samnju]  ‘third-rate’ 

    /j��-Lak/  [j��nak]  ‘downfall’ 

 

b. after a coronal consonant 

 

   /tik�t + Li�L/ [tig�lli�l]  'the letters ‘ㄷ’ and ‘ㄹ’' 

   /t�in-Li/  [t�illi]   'truth' 

   /s�n-L��/  [s�nn��] or [s�ll��] proper name 

 

Note: ‘-’ morpheme boundary, ‘+’ word boundary 

 

As can be seen from the first two examples in (1a), an underlying onset /L/ is 

realized as [n] when a non-coronal stop /p/ or /k/ precedes. In addition, a non-

coronal stop is changed into a nasal. Thus, in Korean, there are phonological 

rules modifying /pL/ and /kL/ into [mn] and [�n] respectively. In case an onset 

/L/ is preceded by a non-coronal nasal /m/ or /�/, it is also realized as [n] as 

illustrated in the last two examples in (1b). Thus, /mL/ and /�L/ are realized as 

[mn] and [�n] respectively. After a non-coronal stop /t/, an onset /L/ is realized 

as [l], changing /t/ into [l] as shown in (1b). That is, /tL/ is realized as [ll]. In 

addition, /nL/ surfaces as [ll] or [nn] in Korean.  

 With the interference of such L1 phonological rules, it is expected that 

Korean learners of English will have trouble correctly pronouncing English 

intervocalic biconsonantal clusters with a liquid in onset position such as /pl/, 

/p�/, /tl/, /t�/, /kl/, /k�/, /ml/, /m�/, /nl/, /n�/, /�l/, and /��/. If only the interference 

of L1 phonological rules is taken into account, it is expected that all those 

English clusters will be equally difficult to Korean learners of English.  

 Following Kawasaki (1982) and Ohala (1992, 1993), Seo (2003) argued 

that sound alternations in a consonant cluster are motivated by contrasts of 

weak perceptibility which are triggered by phonetic similarity between the two 

members of a cluster. Based on this, for a consonant cluster in which at least 

one consonant is a sonorant, Seo (2003) hypothesized that a homorganic 

cluster will be more likely to be modified than a heterorganic cluster and 

showed that this is actually the general pattern found in languages. With this 

account considering the similarity of the two consonants in a cluster, it is 

expected that English clusters consisting of two alveolar consonants such as 

/tl/, /t�/, /nl/, and /n�/ will be more difficult to pronounce for Korean learners 

of English than English clusters consisting of a non-coronal stop /p/ or /k/ plus 

a liquid. In addition, /nl/ and /n�/ are expected to give the most difficulty to 

Korean learners since the two members of the clusters are both sonorants and 

alveolars.  

This study aims to investigate the influence of Korean phonological 

rules and that of the similarity account through Korean learners’ production 
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patterns for intervocalic English clusters consisting of /p/, /t/, /k/, /m/, /n/, or 

/�/ followed by /l/ or /�/. For this, it will be examined how Korean learners’ 

production of the English clusters are different according to the manner/place 

of articulation of the first consonant in the cluster. By comparing Korean 

learners’ production patterns of the English clusters to native English speakers’, 

the influence of the Korean phonological rules will be also examined. In 

addition, it will be investigated how Korean learners’ production of the English 

clusters is different according to a liquid type involved.   

In summary, the research questions to be examined in this study are as 

follows: 

 

1) What are Korean learners’ production patterns for English ‘consonant + 

liquid’ clusters? How are they different from native English speakers’? 

2) Is Korean learners’ production of an English ‘consonant + liquid’  

cluster  different according to a liquid type involved? 

3) Is Korean learners’ production of an English ‘consonant + liquid’ 

cluster different according to the manner/place of articulation of the 

first consonant in the cluster? 

 

 

3 Research Methodology  

 

3.1 Participants 

 

The production experiment was performed by 10 (5 males, 5 females) Korean 

learners of English. They had TOEIC scores of 500s or below and all of them 

were university students in Daejeon. For base-line data of native English 

speakers, four native speakers of English (2 males, 2 females) conducted the 

production experiment. They were all from Canada and lived in Korea for 6.3 

years on average at the time of recording.  

 

 

 

3.2 Stimuli 

 

For the production experiment, 36 words with a word-medial biconsonantal 

cluster consisting of /p/, /t/, /k/, /m/, /n/, or /�/ followed by /l/ or /�/ were 

employed. Table 1 below illustrates a full list of the words used in the 

experiment.  

 

Table 1. Words for the Production Experiment 

Cluster Type Words

/pl/ shipload, shoplift, topline
/p�/ lipread, sliproad, upright
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/tl/ hotline, streetlamp, outlet
/t�/ hatrack, hitrun, footrace
/kl/ blacklist, booklover, picklock
/k�/ bookrest, stockroom, cookroom
/ml/ slimline, homeland, gumlike
/m�/ homerun, primrose, steamroller
/nl/ mainland, moonlight, online
/n�/ sunrise, moonrock, onrush
/�l/ gangland, kinglike, longlived
/��/ songwriter, strongroom, longreach

 

3.3 Procedure and analysis 

 

In order to induce natural speech, each word in Table 1 was put in a carrier 

sentence "please say __________". A list of sentences with target words were 

presented to each participant in a randomized order and each participant was 

asked to read the presented sentences as naturally as possible. For the 

recordings which were made in a quiet room, a head-mounted microphone 

(Audio-Technica M8531) and a TASCAM HD-P2 recorder were used. The 

digitization setting was 44,100 Hz sampling rate and 16 bit quantization. By 

the production experiment, 360 tokens (36 words  10 speakers) were obtained 

from the Korean participants and 144 tokens (36 words  4 speakers) from the 

native English participants. 

The segmental realizations of the biconsonantal clusters under 

consideration were examined by looking at the spectrograms using the Praat 

program and also by listening to each of the recordings. In identifying 

segmental realizations from the spectrograms, acoustic correlates of each 

consonant type in Ladefoged and Johnson (2015) were employed.  

 

 

 

Table 2. Acoustic Correlates of Consonants (Ladefoged & Johnson, 2015,  

p. 214) 

Consonants Acoustic Correlates

Stop  Gap in pattern, followed by burst of noise for voiceless 
stops

Nasal  Formant structure similar to that of vowels but with nasal 
formants at about 250, 2500, and 3250 Hz

 Retroflex General lowering of the third and fourth formants
Lateral  Formant structure similar to that of vowels but with 

formants in the neighborhood of 250, 1200, and 2400 Hz 
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Figure 1 below shows a spectrogram of the word upright produced by 

a native English speaker. In the spectrogram, the part with gap followed by 

burst of noise confirms [p] and the part with the lowered third formant [�]. 
 

Figure 1. A spectrogram of upright by a native English speaker 

 

A spectrogram of the word upright produced by a Korean speaker is 

shown in Figure 2 below. In the spectrogram, it can be seen that the Korean 

speaker pronounced /p/ as [m] by the formant structure which is a clear mark 

of a nasal consonant. In addition, the lowered third formant as in the native 

English speaker’s spectrogram in Figure 1 shows that /�/ was correctly 

pronounced as [�] by the Korean speaker. 

Figure 2. A spectrogram of upright by a Korean speaker 

 

Figure 3 below shows a spectrogram of the word upright produced by 

another Korean speaker. Formants during the articulation of /p/ show that the 

Korean speaker pronounced /p/ as a nasal consonant and no lowering of the 

third formant during /�/ shows that it is incorrectly pronounced as [l]. 



Korean Learners' Production of English Consonant Clusters  

with an Onset Liquid 

 

7 

 

 

Figure 3. A spectrogram of upright by a Korean speaker 

 

 

4 Results  

 

Korean learners’ production patterns for each of the English biconsonantal 

clusters examined in this study will be presented first and then the results of 

the statistical analyses. 

 

 

4.1 Production patterns  

 

Table 3 below illustrates Korean learners’ production patterns for the English 

clusters /pl/ and /p�/ observed in 60 tokens (30 tokens for each cluster type).  

 

Table 3. Production Patterns for /pl/ and /p�/ 
Cluster Production Total 

/pl/ [p�l] 17 (56.7%), [ml] 10 (33.3%), [p��] 2 (6.7%), 
[m�] 1 (3.3%) 

30 
(100%) 

/p�/ [p��] 15 (50.0%), [m�] 6 (20.0%), [p�l] 4 (13.3%),  
[ml] 3 (10.0%), [bl] 1 (3.3%), [p��] 1 (3.3%)

30 
(100%) 

 

Native English speakers pronounced /pl/ and /p�/ as [p	l] and [p	�] 
respectively with the unreleased stop [p	] in all the tokens obtained from the 

production experiment. On the other hand, Korean learners produced them in 

various ways, as shown in Table 3. For /pl/, the native English speaker-like 

pronunciation (i.e., [p	l]) was most frequently observed (17 tokens out of 30, 

56.7%), followed by [ml] (10 tokens, 33.3%), [p	�] (2 tokens, 6.7%), and [m�] 
(1 token, 3.3%). It can be said that Korean learners’ pronunciation errors for 

/pl/ were caused by the nasalization of the stop /p/ and/or the mispronunciation 

of /l/ as [�].  
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 For /p�/, the most frequent pronunciation was [p	�] (15 tokens, 50.0%), 

followed by [m�] (6 tokens, 20.0%), [p	l] (4 tokens, 13.3%), [ml] (3 tokens, 

10.0%), [bl] (1 token, 3.3%), and [p
�] (1 token, 3.3%). In pronouncing the 

cluster /p�/, in addition to the nasalization of the stop /p/ and the 

mispronunciation of the liquid involved (i.e., /�/ as [l]), the voicing of /p/ as [b] 

and the release of /p/ accompanying aspiration were also found. For /pl/ and 

/p�/, the pronunciation [mn] which is expected to occur considering the Korean 

phonology was not observed. 

 Table 4 below shows Korean learners’ production patterns for the 

English clusters /tl/ and /t�/ observed in 60 tokens (30 tokens for each cluster 

type). 

 

Table 4. Production Patterns for /tl/ and /t�/ 
Cluster Production Total 

/tl/ [ll] 12 (40.0%), [t�l] 10 (33.3%), [t��] 3 (10.0%),  
[nl] 2 (6.7%), [t�l] 2 (6.7%), [t��] 1 (3.3%)

30 
(100%) 

/t�/ [t��] 11 (36.7%), [t�l] 4 (13.3%), [t��] 3 (10.0%),  
[n�] 3 (10.0%), [nn] 2 (6.7%), [d�] 2 (6.7%),  
[t��] 2 (6.7%), [ll] 1 (3.3%), [nl] 1 (3.3%),  
[�] 1 (3.3%)

30 
(100%) 

 

In all the tokens from the production experiment, native English 

speakers pronounced /tl/ and /t�/ as [t	l] and [t	�] respectively with the unrelease 

stop [t	]. As shown in Table 4, Korean learners’ pronunciations for the clusters 

were diverse. In case of /tl/, [ll] (12 tokens out of 30, 40.0%) was the most 

frequent one followed by [t	l] (10 tokens, 33.3%), [t	�] (3 tokens, 10.0%), [nl] 

(2 tokens, 6.7%), [t
l] (2 tokens, 6.7%), and [t
�] (1 token, 3.3%). The 

pronunciation [ll] which can be explained to occur due to the Korean 

phonological rule of changing /tL/ into [ll] was more frequently observed than 

the native English speaker-like pronunciation [t	l]. Other pronunciation errors 

for /tl/ occurred due to the nasalization of the stop /t/, the mispronunciation of 

/l/ as [�], and/or the release and aspiration of /t/. 

 For /t�/, the most frequent pronunciation was the native English 

speaker-like pronunciation [t	�] (11 tokens out of 30, 36.7%) followed by [t	l] 
(4 tokens, 13.3%), [t��] (3 tokens, 10.0%), [n�] (3 tokens, 10.0%), [nn] (2 

tokens, 6.7%), [d�] (2 tokens, 6.7%), [t
�] (2 tokens, 6.7%), [ll] (1 token, 3.3%), 

[nl] (3.3%), and [�] (1 token, 3.3%). In incorrect pronunciations, the affrication, 

nasalization, voicing, aspiration, or deletion of /t/ and the mispronunciation of 

/�/ as [l] were found. In addition, [nn] and [ll] were found, which shows the 

Korean phonological rule was in play when pronouncing the English cluster 

/t�/. It is interesting that [nl] was a realization pattern for the English /tl/ and 

/t�/ although it is not the pronunciation allowed in Korean.  

 Korean learners’ production patterns for the English clusters /kl/ and 

/k�/ are shown in Table 5 below.  
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Table 5. Production Patterns for /kl/ and /k�/ 
Cluster Production Total 

/kl/ [k�l] 18 (60.0%), [�l] 5 (16.7%), [�n] 4 (13.3%),  
[k��] 2 (6.7%), [��] 1 (3.3%)

30 
(100%) 

/k�/ [k��] 18 (60.0%), [��] 5 (16.7%), [k�l] 4 (13.3%),  
[�l] 2 (6.7%), [g�] 1 (3.3%)

30 
(100%) 

 

Native English speakers pronounced /kl/ and /k�/ as [k	l] and [k	�] 
respectively in all the tokens from the production experiment. In case of 

Korean learners, for /kl/, [k	l] (18 tokens out of 30, 60.0%) was the most 

frequent form followed by [�l] (5 tokens, 16.7%), [�n] (4 tokens, 13.3%), [k	�] 
(2 tokens, 6.7%), and [��] (1 token, 3.3%). Korean learners’ pronunciation 

errors occurred by nasalizing the stop /k/ and/or by mispronouncing /l/ as [n] 

or [�]. The pronunciation [�n] occurred in 7 (13.3%) out of the 30 tokens, and 

this will be the influence of the Korean phonological rule of realizing /kL/ and 

[�n].  

 In case of /k�/, the native-like pronunciation [k	�] (18 tokens out of 30, 

60.0%) was the most frequently observed one followed by [��] (5 tokens, 

16.7%), [k	l] (4 tokens, 13.3%), [�l] (2 tokens, 6.7%), and [g�] (1 token, 3.3%). 

Although [�n] was not observed for /k�/, the nasalization of /k/ was found in 

23.3% of the 30 tokens. Thus, it can be said that the Korean phonological rule 

was partially in play when Korean learners pronounced the cluster /k�/. The 

mispronunciation of /�/ as [l] and the voicing of /k/ were also observed in 

Korean learners’ pronunciation of /k�/. 
 For the English clusters /ml/ and /m�/, Korean learners showed 

production patterns illustrated in Table 6. 

 

Table 6. Production Patterns for /ml/ and /m�/ 
Cluster Production Total 

/ml/ [ml] 24 (80.0%), [m�] 5 (16.7%), [mn] 1 (3.3%) 30 (100%) 
/m�/ [m�] 21 (70.0%), [ml] 9 (30.0%) 30 (100%) 

 

In all the tokens containing /ml/ and /m�/, native English speakers’ 

pronunciations were [ml] and [m�] respectively. In case of Korean learners, for 

/ml/, [ml] (24 tokens, 80.0%) was the most frequently observed one followed 

by [m�] (5 tokens, 16.7%) and [mn] (1 token, 3.3%). For /m�/, [m�] was 

observed in 21 tokens (70.0%) out of 30 and [ml] in 9 tokens (30.0%). Thus, 

for the English clusters /ml/ and /m�/, most pronunciation errors were caused 

by the mispronunciation of the liquid involved. The nasalization of the lateral 

after the nasal /m/ was attested in 1 token containing /ml/ while the nasalization 

of the liquid /�/ was not observed for /m�/. 
 Table 7 below illustrates Korean learners’ production patterns of the 

English clusters /nl/ and /n�/. 
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Table 7. Production Patterns for /nl/ and /n�/ 
Cluster Production Total 

/nl/ [nl] 13 (43.3%), [ll] 13 (43.3%), [n�] 3 (10.0%),  
[nn] 1 (3.3%)

30 (100%) 

/n�/ [n�] 25 (83.3%), [ll] 3 (10.0%), [nl] 2 (6.7%) 30 (100%) 

 

In all the tokens with /nl/ and /n�/, native English speakers’ 

pronunciations were [nl] and [n�] respectively. On the other hand, Korean 

learners pronounced /nl/ as [nl] in 13 tokens (43.3%) out of 30, as [ll] in 13 

tokens (43.3%), as [n�] in 3 tokens (10.0%), and as [nn] in 1 token (3.3%). The 

native English speaker-like pronunciation [nl] was observed in less than 50% 

of the tokens containing /nl/. Korean learners’ pronunciation errors mostly 

occurred due to the Korean phonological rule realizing /nL/ as [ll] or [nn] (in 

14 tokens (46.7%) out of 30).  

 For /n�/, [n�] (25 tokens, 83.3%) was the most frequent pronunciation 

and [ll] was attested in 3 tokens (10.0%) and [nl] in 2 tokens (6.7%). Thus, the 

influence of the Korean phonological rule on the production of the English 

cluster /n�/ was far less obvious in comparison to the cluster /nl/. The 

mispronunciation of the liquid involved was also found for the clusters /nl/ and 

/n�/.  
 Korean learners’ production patterns for /�l/ and /��/ are illustrated in 

Table 8. 

 

Table 8. Production Patterns for /�l/ and /��/ 
Cluster Production Total 

/�l/ [�l] 28 (93.9%), [��] 2 (6.7%) 30 (100%) 
/��/ [��] 24 (80.0%), [�l] 6 (20.0%) 30 (100%) 

 

Native English speakers pronounced /�l/ and /��/ as [�l] and [��] 
respectively in all the tokens obtained from the production experiment. As 

shown in Table 8, Korean learners showed a similar tendency by pronouncing 

/�l/ and /��/ as [�l] and [��] respectively in most tokens. Production errors were 

all caused by the mispronunciation of the liquid involved. 

 

4.2 Statistical analyses 

 

For statistical analyses, Korean learners’ accurate (i.e., native English speaker-

like) pronunciation of an English biconsonantal cluster was given a score of ‘1’ 

and inaccurate pronunciation a score of ‘0’. As mentioned in the previous 

section, native English speakers illustrated the same pronunciation for each 

cluster type. Thus, each of the native English speakers’ production data was 

given a score of ‘1’.  

 For the 360 tokens produced by Korean learners and the 144 tokens 

produced by native speakers of English, an analysis of variance (ANOVA) was 
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run with the production accuracy as a dependent variable. Speakers’ group 

(Korean vs. native English) and cluster type (/pl/ vs. /p�/ vs. /tl/ vs. /t�/ vs. /kl/ 

vs. /k�/ vs. /ml/ vs. /m�/ vs. /nl/ vs. /n�/ vs. /�l/ vs. /��/) were independent 

variables. According to the analysis, significant main effects were found for 

group (df = 1, F = 96.206, p < .05) and cluster type (df = 11, F = 2.109, p < .05). 

In addition, there was a significant interaction of group * cluster type (df = 11, 

F = 2.109, p < .05). Figure 4 illustrates the finding. 

Note: pr = p�, tr = t�, kr = k�, mr = m�, nr = n�, ngl = �l, ngr = �� 

Figure 4. Mean production accuracy by group * cluster type 

 

As can be seen from Figure 4, native English speakers’ mean 

production accuracy was 1 for all cluster types. Korean learners’ mean 

production accuracy was the highest for /�l/ at .933 followed by /n�/ at .833, 

/ml/ and /��/ both at .8, /m�/ at .7, /kl/ and /k�/ both at .6, /pl/ at .567, /p�/ at .533, 

/nl/ at .433, /t�/ at .367, and /tl/ at .333. An ANOVA was run to see whether 

Korean learners’ production accuracy was significantly different among the 12 

cluster types and a significant main effect of cluster type was found (df = 11, 

F = 5.352, p < .05).  

To see if production accuracy was different within each cluster type 

according to speakers’ group, a series of t-tests was run. Significant differences 

were found for /pl/ (t = 8.739, p < .05), /p�/ (t = 10.000, p < .05), /tl/ (t = 22.857, 

p < .05), /t�/ (t = 19.740, p < .05), /kl/ (t = 7.619, p < .05), /k�/ (t = 7.619, p 

< .05), /m�/ (t = 4.898, p < .05), and /nl/ (t = 14.945, p < .05) between Korean 

and native English speakers. For /ml/, /n�/, /�l/, and /��/, production accuracy 

was not significantly different according to speakers’ group.  

With the 504 tokens collected from the production experiment, an 

ANOVA was performed again to examine the effect of speakers’ group, the 

liquid type included in a cluster, and the first consonant of a cluster on 

production accuracy. In the analysis, a dependent variable was production 

accuracy and independent variables were speakers’ group (Korean vs. native 

English), the liquid type contained in a cluster (/l/ vs. /�/), the manner of 

articulation of the first consonant in a cluster (C1 manner) (stop vs. nasal), and 

0
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1

pl pr tl tr kl kr ml mr nl nr ngl ngr

Korean native



Misun Seo 

12 

 

the place of articulation of the first consonant in a cluster (C1 place) (bilabial 

vs. alveolar vs. velar). According to the analysis, significant main effects were 

found for group (df = 1, F = 57.395, p < .05), C1 manner (df = 1, F = 23.243, 

p < .05), and C1 place (df = 2, F = 5.900, p < .05). There was no significant 

main effect of liquid type (df = 1, F = 1.453, p = .229). In addition, a significant 

interaction of group * C1 manner was found (df = 1, F = 23.243, p < .05). 

Figure 5 illustrates the finding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Mean production accuracy by group * C1 manner 

 

As shown in Figure 5, Korean learners’ mean production accuracy was 

significantly higher when the manner of articulation of the first consonant in a 

cluster (i.e., C1 manner) was a nasal (.911) than when it was a stop (.6). 

According to t-tests, mean production accuracy was significantly different 

between the two speaker groups both when the C1 manner was a stop (t = 

71.429, p < .05) and when it was a nasal (t = 23.810, p < .05). 

 There was a significant interaction of group * C1 place (df = 2, F = 5.9, 

p < .05). Figure 6 shows the finding. 

 

Figure 6. Mean production accuracy by group * C1 place 
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Korean learners’ mean accuracy was the highest when the place of 

articulation of the first consonant in a cluster (i.e., C1 place) was velar (.85) 

followed by bilabial (.817) and alveolar (.6). According to a post-hoc test of 

LSD, there were significant differences for bilabial vs. alveolar and velar vs. 

alveolar (p < .05). On the other hand, there was no significant difference for 

bilabial vs. velar (p = .505). Thus, it can be said that Korean learners’ mean 

production accuracy for an English biconsonantal cluster was significantly 

lower when C1 place was alveolar than when it was bilabial or velar. 

According to a series of t-tests, significant differences were found with mean 

production accuracy between the two speaker groups for all types of C1 place 

(t = 25.538, p < .05 for bilabial; t = 49.036, p < .05 for alveolar; t = 17.247, p 

< .05 for velar). 

 To examine factors influencing Korean learners’ production of the 

English biconsonantal clusters, an ANOVA was performed with the 360 tokens 

produced by Korean learners. In the analysis, a dependent variable was 

production accuracy and independent variables were liquid type (/l/ vs. /�/), C1 

manner (stop vs. nasal), and C1 place (bilabial vs. alveolar vs. velar). 

According to the analysis, significant main effects were found for C1 manner 

(df = 1, F = 27.125, p < .05) and C1 place (df = 2, F = 8.720, p < .05). Although 

there was no main effect of liquid type (df =1, F = .335, p = .563), there was a 

significant interaction of liquid type * C1 place (df = 2, F = 3.871, p < .05). 

Figure 7 illustrates the finding. 

Note: r = � 

Figure 7. Korean learners’ mean production accuracy by liquid type * C1 place 

 

In case the second consonant of a cluster was /l/, mean production 

accuracy was the highest when the first consonant was velar (.767) followed 

by bilabial (.683) and alveolar (.383). According to an ANOVA run with 

production accuracy as a dependent variable and C1 place as an independent 

variable, there was a significant main effect of C1 place for the tokens 

containing /l/ (df = 2, F = 11.390, p < .05). A post-hoc test of LSD revealed 
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significant differences for bilabial vs. alveolar and alveolar vs. velar (p < .05). 

There was no significant difference for bilabial vs. velar (p = .325). Thus, for 

clusters with /l/, Korean learners’ production accuracy was significantly lower 

when the second consonant of a cluster was alveolar. For /�/, a similar pattern 

was found. Production accuracy was the highest when the first consonant of a 

cluster was velar (.7) followed by bilabial (.617) and alveolar (.6). An ANOVA 

was run with production accuracy as a dependent variable and C1 place as an 

independent variable for the Korean learners’ data with /�/ and there was no 

main effect of C1 place (df = 2, F = .740, p = .478). To see if production 

accuracy was significantly different within each C1 place according to liquid 

type, a series of t-tests was run. A significant difference was found for alveolar 

(t = 5.814, p < .05) and there were no significant differences for bilabial (t 

= .579, p = .448) and velar (t = .674, p = .413). Therefore, it can be said that 

Korean learners’ production accuracy for the English clusters examined was 

significantly different according to the liquid type of a second consonant when 

the first consonant of a cluster was an alveolar. That is, Korean learners’ 

production accuracy was significantly lower when the first consonant was an 

alveolar and the second consonant was the lateral /l/.  

 

 

5 Discussion  

 

In producing English ‘consonant + liquid’ clusters, Korean learners illustrated 

several particular patterns. First, for all cluster types examined in this study, 

the mispronunciation of a liquid involved (i.e., /l/ as [�] and /�/ as [l]) was found. 

This can be argued to be the result of the Korean phonology. As previously 

mentioned, there is no phonemic difference between [l] and [�] in Korean and 

the liquid phoneme /L/ is realized as [l] or [�] (or [�]) depending on the syllable 

position. Considering this, it is not surprising that Korean learners occasionally 

mispronounced /l/ as [�] and /�/ as [l] when pronouncing the English clusters 

containing a liquid. In the present study, it was also found that the post-

consonantal /l/ was pronounced as [n] by Korean learners for the English 

clusters /kl/ and /ml/. This can be said to be the influence of the Korean 

phonology again. As mentioned in section 2, in Korean, a liquid is prohibited 

in onset position except when a coronal consonant precedes and a liquid 

positioned after a non-coronal stop or nasal is realized as [n]. Thus, 

pronouncing /l/ as [n] after the non-coronal consonant /k/ or /m/ in English 

clusters is expected in Korean learners’ production. 

 Second, the change of a stop into a nasal was attested in Korean learners’ 

production of an English ‘stop + liquid’ cluster. In Korean, there is a 

phonological rule changing a stop into a nasal before a nasal, as can be seen 

from /pap + mul/  [pammuL] ‘ricewater’, /tot + namuL/  [tonnamul] 

‘sedum’, and /hak-mun/  [ha�mun] ‘learning’ (Seo et al., 2005; Shin & Cha, 

2004; Sohn, 1999). In addition, as previously mentioned in section 2, in Korean 
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/pL/ and /kL/ are realized as [mn] and [�n] respectively. In the present study, 

interestingly, pronouncing a stop consonant as a nasal was found regardless of 

the change of a following liquid into a nasal. For /pl/ and /p�/, the pronunciation 

[mn] was not observed. Instead, the forms such as [ml] and [m�] were attested. 

The pronunciation [nl] was observed for /tl/ and the forms such as [n�] and [nl] 

for /t�/. In addition, for /kl/, [�l] and [��] as well as [�n] were found. In case of 

/��/, the forms such as [�l] and [��] were attested while [�n] was not found. 

These results show that Korean learners were partially under the influence of 

their L1 phonology when pronouncing English ‘stop + liquid’ clusters. Thus, 

L1 phonological rules were found to influence L2 production. This is in 

contrast with the influence of an L1 allophonic rule. As shown in Seo (2019), 

when pronouncing English words including the sequence of /si/, Korean 

learners of English were not influenced by the Korean allophonic rule realizing 

/s/ as [�] before a high front vowel. 

 Third, unlike other English clusters, Korean learners’ production of /tl/ 

and /nl/ showed a relatively strong influence of the Korean phonology. For /tl/, 

[ll] was observed in 40.0 % of the Korean learners’ data while the native 

English speaker-like pronunciation [t�l] was attested in 33.3%. In case of /nl/, 

[ll] was observed at the same rate as [nl] (43.3 %). Lower native English 

speaker-like pronunciation was also observed for /t�/ (36.7%). For this cluster 

type, [nn] and [ll] which can be said to occur due to the L1 phonology 

accounted for 10.0% of the data, and other various pronunciation forms were 

found. For the cluster /t�/, Korean learners illustrated the most diverse 

pronunciation. The clusters /tl/, /nl/, and /t�/ are the ones with two consecutive 

alveolar consonants. According to Seo (2003), phonetic similarity between the 

two members of a consonant cluster triggers contrasts of weak perceptibility 

and thus sound alternations in a consonant cluster. According to her account, 

it is expected that homorganic clusters such as /tl/, /nl/, and /t�/ will undergo 

more phonological modifications than heterorganic clusters such as /pl/, /kl/, 

/ml/, /�l/, etc. However, with this account, it is not clear why there was no such 

strong influence of the L1 phonology for /n�/ which is also a cluster consisting 

of two alveolar consonants.  

 Statistical analyses of the data collected from this study revealed some 

important facts about Korean learners’ production of the English biconsonantal 

clusters examined. To begin with, for /ml/, /n�/, /�l/, and /��/, Korean learners’ 

production accuracy was not significantly different from native English 

speakers. For the other cluster types, Korean learners exhibited significantly 

lower production accuracy in comparison to native English speakers. Those 

cluster types include all ‘stop + liquid’ clusters examined and /m�/ and /nl/ 

among the ‘nasal + liquid’ clusters investigated. This result cannot be 

explained within Seo (2003)’s similarity account. The clusters /ml/, /n�/, /�l/, 

and /��/ consist of the two sonorants. Thus, contrary to the result of the present 

study, it is expected within the similarity account that the clusters /ml/, /n�/, 
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/�l/, and /��/ will exhibit more phonological modifications (i.e. lower 

production accuracy) than ‘stop + liquid’ clusters. 

According to statistical analyses, it was found that Korean learners’ 

production accuracy of the English biconsonantal clusters examined was 

influenced by the manner of articulation of the first consonant (C1) of the 

cluster. Their production accuracy was significantly higher when C1 was a 

nasal consonant (.911) than when it was a stop consonant (.6). As previously 

mentioned, because of the partial influence of a Korean phonological rule, 

some Korean learners showed a tendency of nasalizing a stop consonant before 

an underlying liquid regardless of whether or not the liquid consonant is 

realized as [n]. Thus, it can be said that Korean learners’ lower production 

accuracy for a ‘stop + liquid’ cluster than for a ‘nasal + liquid’ cluster occurred 

due to such a production pattern influenced by the L1 phonology.  

In addition, the place of articulation of the first consonant (C1) in an 

English biconsonantal cluster influenced Korean learners’ production accuracy. 

When C1 was an alveolar consonant, their production accuracy was 

significantly lower than when it was a bilabial or velar consonant. Thus, 

Korean learners’ production accuracy was especially low for /tl/ (.333), /t�/ 

(.367), and /nl/ (.433). However, for /n�/, their production accuracy was not 

significantly different from native English speakers by showing mean 

production accuracy of .833. Furthermore, statistical analyses illustrated that 

the influence of C1 place was significantly different according to a liquid type. 

That is, when a liquid involved is /l/, there was a significant main effect of C1 

place by illustrating a significantly lower production accuracy for an alveolar 

than for a bilabial or a velar. On the other hand, no significant main effect of 

C1 place was found before /�/.  

To sum up, Korean learners’ production accuracy was significantly low 

when C1 was alveolar and C2 was /l/ while it was relatively high when C1 was 

alveolar and C2 was /�/. Since both /l/ and /�/ are alveolar consonants, in terms 

of the similarity account mentioned above, it is not clear why Korean learners’ 

production accuracy was different according to a liquid type involved when 

C1 was alveolar. To find an answer for this problem, mean production 

accuracy of each word for the clusters /tl/, /t�/, /nl/, and /n�/ was examined. 

Table 9 illustrates Korean learners’ mean production accuracy for the four 

English clusters by each of the test words. 

 

Table 9. Production Accuracy for /tl/, /t�/, /nl/, and /n�/ by Each Test Word 

Cluster Type Word Mean Production Accuracy 

/tl/ hotline .5
outlet .1

streetlamp .4 .333 
/t�/ footrace .5

hatrack .3
hitrun .3 .367 

/nl/ mainland .4
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moonlight .7
online .2 .433 

/n�/ moonrock .7
onrush .8
sunrise 1.0 .833 

 

As can be seen from Table 9, the clusters /tl/ and /nl/ had test words 

exhibiting extremely low production accuracy: outlet (.1) and online (.2). 

These two words are loanwords very frequently used in Korea and their 

pronunciation was nativized with the application of Korean phonological rules. 

Thus, outlet is pronounced as [aull�t] and online as [onnain] or [ollain]. In the 

present study, /tl/ was realized as [ll] in 90% of the production data for the 

word outlet. In addition, for the word online, [nl] was pronounced as [ll] in 60% 

of the Korean learners’ production data and as [nn] in 10% of the data. 

Therefore, it is clear that such loanword pronunciation contributed to a 

significantly low production accuracy for /tl/ and /nl/ overall. In addition, the 

test words such as hatrack and hitrun used for /t�/ seemed to be less familiar 

to Korean learners, resulting in low production accuracy. On the other hand, 

for /n�/ consisting of two alveolar consonants in sequence, relatively more 

familiar words seemed to be included in comparison to /t�/ and this may have 

caused higher production accuracy. Therefore, it can be said that Korean 

learners’ production accuracy was also influenced by their familiarity with the 

test words.  

 

 

6 Conclusion  

 

This study examined Korean L2 learners’ production patterns of English 

biconsonantal clusters (i.e., /p, t, k, m, n, �/ + /l, �/) and factors influencing 

their production. Korean learners exhibited production patterns which were 

different from native English speakers. First of all, due to the influence of their 

L1 sound inventory where [l] and [�] are not contrastive, the mispronunciation 

of a liquid (i.e., /l/ as [�] and /�/ as [l]) was observed. In addition, it was found 

that their L1 phonological rules affecting a post-consonantal onset liquid were 

in play when pronouncing English clusters. Thus, for example, /tl/ was mostly 

pronounced as [ll] and the nasalization of a stop before a liquid was attested. 

Finally, Korean learners’ production of the English clusters examined in this 

study was also influenced by phonetic similarity between the two members of 

a consonant cluster and their familiarity with the test words. Lower production 

accuracy for the clusters /tl/, /t�/, and /nl/ consisting of two alveolar consonants 

show the influence of phonetic similarity between the two members of a cluster. 

In addition, the influence of familiarity with the test words can be seen from 

the result that Korean learners exhibited especially lower production accuracy 

for the words outlet and online. These are frequently used as loanwords in 
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Korea and pronounced as nativized forms with the application of Korean 

phonological rules.  

 

 

References  

 

Aoyama, K., Flege, J., Guion, S., Akahane-Yamada, R., & Yamada, T. (2004). 

Perceived phonetic dissimilarity and L2 speech learning: The case of 

Japanese /r/ and English /l/ and /r/. Journal of Phonetics, 32, 233-

250. 

Best, C. T., & Strange, W. (1992). Effects of phonological and phonetic factors 

on cross-language perception of approximants. Journal of Phonetics, 

20, 305-350. 

Borden, G., Gerber, A., & Milsark, G. (1983). Production and perception of 

the /r/-/l/ contrast in Korean adults learning English. Language 

Learning, 33(4), 499-526. 

Cho, Y.-M. Y. (1997). Liquid specification in Korean as geminate alterability. 

Harvard Studies in Korean Linguistics, 7, 78–92. 

Eckman, F. R., Elreyes, A., & Iverson, G. K. (2003). Some principles of second 

language phonology. Second Language Research, 19, 169-208. 

Iverson, G. K., & Kim, K.-H. (1987). On word-initial avoidance in Korean. 

Harvard Studies in Korean Linguistics, 2, 377-393. 

Iverson, G. K., & Sohn, H.-S. (1994). Liquid representation in Korean. In Y.-K. 

Kim-Renaud (Ed.), Theoretical Issues in Korean Linguistics (pp. 79-

100). Stanford University: CSLI.  

Kang, Y. (2003). Perceptual similarity in loanword adaptation: English 

postvocalic word-final stops in Korean. Phonology, 20, 219-273. 

Kawasaki, H. (1982). An acoustic basis for universal constraints on sound 

sequences [Unpublished doctoral dissertation]. University of 

California, Berkeley. 

Ladefoged, P., & Johnson, K. (2015). A course in phonetics (7th ed.). Cengage 

Learning. 

Lado, R. (1957). Linguistics across cultures: Applied linguistics for language 

teachers. University of Michigan Press. 

Lee, Y. (2001). A moraic account of liquid alternation in Korean. 

Japanese/Korean linguistics, 11, 303–314.  

McClelland, J. L., Thomas, A., McCandliss, B. D., & Fiez, J. A. (1999). 

Understanding failures of learning: Hebbian learning, competition 

for representational space, and some preliminary experimental data. 

Progress in Brain Research, 121, 75-80. 

Ohala, J. (1992). Alternatives to the sonority hierarchy for explaining 

segmental sequential constraints. Chicago Linguistics Society: 

Papers from the Parasession on the Syllable. CLS. 319-338. 



Korean Learners' Production of English Consonant Clusters  
with an Onset Liquid 

 

19 
 

Ohala, J. (1993). The perceptual basis of some sound patterns. In D. A. Connell, 

& A. Arvaniti (Eds.), Papers in laboratory phonology, Vol. 1: 

Between the grammar and the physics of speech (pp. 87-94). 

Cambridge University Press. 

Seo, M. (2003). A segment contact account of the patterning of sonorants in 

consonant clusters. [Unpublished doctoral dissertation]. The Ohio 

State University, Columbus. 

Seo, M. (2004). A production-based study of the Korean liquid in onset 

position. Studies in Phonetics, Phonology and Morphology, 10(2), 

257-276. 

Seo, M. (2019). L1 and gender effect in Korean learners’ production of English 

/s/. Journal of Pan-Pacific Association of Applied Linguistics, 23(1), 

1-14. 

Seo, M., Kim, H., Shin, J, & Kim, K.-H. (2005). A study on the production of 

a stop plus nasal sequence in English words by Korean learners. 

Speech Sciences, 12(3), 165-173. 

Seo, M., & Lim, J. (2009). A study of voiced alveolar and palato-alveolar 

fricative production by Korean learners of English. Korean Journal 

of English Language and Linguistics, 9(4), 663-685. 

Shin, J., & Cha, J. (2004). Urimal soriui chegye [The sound pattern of Korean] 

(2nd ed.). Hangukmunhwasa. 

Sohn, H.-M. (1999). The Korean language. Cambridge University Press. 

Stockwell, R. P., & Bowen, D. (1965). The sounds of English and Spanish. 

University of Chicago Press. 

Stockwell, R. P., Bowen, D., & Martin, J. W. (1965). The grammatical 

structures of English and Spanish. University of Chicago Press. 

 

 

Misun Seo, Professor  

Department of English Language and Literature 

Hannam University 

70 Hannam-ro Daedeok-gu 

Daejeon, 34430, Korea 

Phone: 82-42-629-8461 

Fax: 82-42-629-7321 

E-mail: misunseo@hnu.kr 

 

 

Received: August 26, 2021 

Revised: October 24, 2021 

Accepted: November 2, 2021 

  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


