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This study attempts to determine whether native English listeners and native Korean 
listeners at two different proficiency levels of English show the same judgment 
patterns when presented with English nonce words composed of three different 
syllable structures (i.e., legal syllables, illegal syllables with a sonority rise, and 
illegal syllables with a sonority plateau). Ten native English listeners and twenty 
native Korean listeners participated in a word-likeness judgment task. The results 
indicate that both native English listeners and native Korean listeners with higher L2 
proficiency reveal the same patterns. Their judgment scores become higher as the 
sonority distance of onset clusters increases. However, the results for Korean listeners 
with lower L2 proficiency are not consistent with those of the other two groups. 
Although listeners with lower proficiency can distinguish between legal and illegal 
syllables in L2, they do not prefer illegal syllables with a sonority rise to those with a 
sonority plateau. In addition, the reaction time results show that all the listeners 
respond faster when they hear nonce words containing illegal syllables than when 
they listen to those composed of legal syllables. These results suggest that L2 
phonotactic knowledge expands as L2 proficiency increases and plays a more 
important role in the judgment of L2 nonce words than do universal preferences 
based on the sonority principle. (Cyber Hankuk University of Foreign Studies) 
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1. Introduction 
 

The term phonotactics refers to knowledge of possible phoneme 
combinations in a language. Whereas in English two-consonant onset 
clusters such as /tr-/ or /fl-/ are allowed, no clusters are allowed in Korean 
syllable structure. The combination of consonants in onsets and codas is 
often explained by the sonority hierarchy (Selkirk 1984, Clements 1990, 
Eckman and Iverson 1993, Berent et al. 2007)1. According to the Sonority 
Sequencing Principle, sonority rises during the onset and falls over the 
rhyme. For instance, the sequence of obstruent and liquid (e.g., drive) is 
preferred as the onset of a syllable, while the sequence of liquid and 

                                                           
∗ This work was supported by the Cyber Hankuk University of Foreign Studies Research 
Fund of 2014. I am grateful to three anonymous reviewers for their insightful comments and 
suggestions on this paper. 

1 The sonority hierarchy shown in Clements (1990) is the following: Stops < Fricatives 
< Nasals < Liquids < Glides < Vowels (from the least to the most sonorous segments). 
In the present study the distinction between stops and fricatives is not adopted following 
Berent et al. (2007, 2008).  
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obstruent (e.g., bird) is preferred as the coda. Furthermore, the greater the 
distance in sonority between two consonants in an onset, the less marked the 
syllable (Steriade 1982, Broselow and Finer 1991, Parker 2002). Clements 
(1990) also proposes that all other things being equal, a language prefers a 
maximal sonority difference in the syllable onset but a minimal one in the 
coda.  

In previous studies (Greenberg 1978, Berent et al. 2007, Berent et al. 
2008) a scale of four types of onset clusters was examined to show universal 
linguistic knowledge. At the top of the scale are clusters with rising sonority 
(e.g., /bl-/), and at the bottom are clusters with falling sonority (e.g., /lb-/). 
Clusters with sonority plateaus (e.g., /bd-/) and clusters with small sonority 
rises (e.g., /bn-/) are in an intermediate position. Across languages the 
frequency of such clusters consistently decreases as the position of the 
clusters shifts toward the bottom of the scale. For instance, bd-type syllables 
are more frequent than lb-type syllables in onsets. Such preferences have 
been accounted for by the property of sonority. In the sonority hierarchy 
stops such as p, t, k, b, d, and g, and fricatives such as f and v are least 
sonorous (s = 1). Next are nasals such as m and n (s = 2), and then come 
liquids such as l and r (s = 3). Finally, glides such as w and y are the most 
sonorous consonants (s = 4). Onset clusters manifesting a large rise in 
sonority (e.g., blif) are preferred over those exhibiting a small one (e.g., bnif). 
The order of universal preference is large rises > small rises > plateaus > 
falls (e.g., bl > bn > bd > lb) (Clemets 1990, Smolensky and Legendre 2006).  

Accordingly, English permits only onset clusters with a large sonority rise, 
but not onsets with a small sonority rise, sonority plateau, or sonority fall. 
Thus, English two-segment onset clusters are most likely to be obstruent + 
sonorant (e.g., pl-, br-, tr-, dr-, fl-, gr-, sl-). If two obstruents occur in an 
onset, the first one must be /s/ (e.g., sp-, st-, sk-)2. In addition, only /s/ 
appears before a nasal consonant (e.g., sm-, sn-). 

Listeners can rate nonce words based on their syllable structure. Some 
words like blick [bl�k] and blif [bl�f] are judged acceptable as English words, 
whereas other words like bnick [bn�k] and bdif [bd�f] are not (Berent et al. 
2007, Hayes and White 2013). Furthermore, it might be the case that bnick 
[bn�k] and dnif [dn�f] are more acceptable than bdif [bd�f] and dbif [db�f] 
even though all of these onset clusters are illegal in English syllable structure. 

In the majority of previous studies, judgment of the well-formedness of 
nonce words has been performed by native speakers (Pitt 1998, Moreton 
2002, Wilson 2003, Berent et al. 2007, Berent et al. 2009, Hayes and White 
2013). More limited attention has been paid to the phonotactic judgments of 

                                                           
2 The s+stop clusters /sp-, st-, sk-/ violate the Sonority Sequencing Principle because the 
fricative /s/ is more sonorous than the following stop. It has been suggested that the 
fricative /s/ can be an adjunct to a simple onset. The term “adjunct” has been used to 
distinguish between s+stop clusters and all other “true clusters”. That is, the segment /s/ is 
not associated with an onset, but rather appended directly at the syllable level (Selkirk 1982, 
Kenstowicz 1994). 
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L2 learners (Tench 2003, Altenberg 2005, Trapman 2007, Berent et al. 2008, 
Mikhaylova 2009, Lee 2011). 

In the present study, L2 phonotactic knowledge is examined using a word-
likeness judgment experiment. The judgment patterns of onset consonant 
clusters by adult second language learners at two different proficiency levels 
are the focus of this study. Two groups of native Korean listeners learning 
English (higher proficiency and lower proficiency groups) and native 
English listeners participated in a judgment task. Furthermore, three different 
syllable types were employed to explore whether the three groups of listeners 
show universal preferences based on the sonority scale, with preferences 
decreasing in order from legal onset clusters in English (e.g., /pl-/, /tr-/, /fl-/, 
etc.) to illegal onset clusters with a sonority rise (e.g., /pn-/, /tm-/, /fn-/, etc.) 
to illegal onset clusters with a sonority plateau (e.g., /pt-/, /tk-/, /fs-/, etc.). 
Illegal clusters are defined as consonant clusters that are not attested in L1, 
and legal ones as consonant clusters that are attested in L1.  

More specifically, the central questions to be addressed in this study are 
the following: (1) Are there any differences between the three groups (i.e., 
native English speakers, native Korean speakers with higher English 
proficiency, native Korean speakers with lower English proficiency) in their 
word-likeness judgments of nonce monosyllabic words including two 
consonants in their onsets? (2) Are there any differences in judgment scores 
between the three types of syllable structure (i.e., legal consonant sequences, 
illegal consonant sequences with a sonority rise, and illegal consonant 
sequences with a sonority plateau)? (3) Are there any differences in reaction 
times between the three groups and/or between the three syllable types?   

In order to answer these questions, a word-likeness judgment experiment 
was conducted. In this experiment, one group of native English speakers and 
two groups of native Korean speakers rated the acceptability of nonce words 
with different onset clusters as new words of English. Of interest is whether 
the two groups of Korean listeners show the same judgment patterns. If the 
universal preference for greater sonority distance in onset clusters is active in 
the listeners’ linguistic knowledge, then not only native English listeners but 
also both groups of Korean listeners should rate illegal syllables with a 
sonority rise as more plausible candidates for English words than illegal 
syllables with a sonority plateau. According to universal preferences shown 
in previous studies (Greenberg 1978, Berent et al. 2007, Berent et al. 2008), 
across languages onset clusters with a large sonority rise are most common. 
Further, onset clusters with a small sonority rise are more frequent than those 
with a sonority plateau.  

In addition, legal syllables are expected to require a longer reaction time 
than illegal syllables, since legal syllables may involve the access of lexical 
knowledge. This prediction is based on the results of Kager and Shatzman 
(2007) and Trapman (2007). In a lexical decision task the native English 
speakers needed significantly more time to reject nonce words with legal 
onset clusters than to reject those with illegal onset clusters. They argued that 
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nonce words of high probability or legal syllables impeded processing when 
lexical activation was needed, and those nonce words had longer reaction 
times than nonce words of low probability or illegal syllables.  

 
2. Literature review 

 
Previous studies tested the acceptability of syllable structure in nonce words 
to native speakers (Pitt 1998, Moreton 2002, Wilson 2003, Berent et al. 2007, 
Berent et al. 2009, Hayes and White 2013). Pitt (1998) drew attention to the 
important role of phonotactic constraints in the perception of onset consonant 
clusters. When native English speakers listened to legal or illegal stop-liquid 
onsets, their responses were strongly biased toward legal sequences (e.g.,  
/dr-/, /tr-/ or /sl-/) in comparison with illegal sequences (e.g., /dl-/, /tl-/ or  
/sr-/). Moreton (2002) investigated whether various stop-sonorant onset 
clusters were equally difficult for native English speakers to perceive. The 
results revealed that there was a bias against the onset /dl-/, but not against 
/bw-/ even though both onset clusters are illegal in English. He attributed this 
asymmetry to the difference between accidental gaps and phonotactically 
illegal onsets.  

Berent et al. (2007) examined the sensitivity of English speakers to the 
sonority of onset clusters by using three types of L1-illegal onset consonant 
clusters, either sonority rises (obstruent-nasal or obstruent-liquid combinations), 
plateaus (obstruent-obstruent combinations), or falls (nasal-obstruent or 
liquid-obstruent combinations). The native English participants indicated 
whether they heard a nonce word composed of one syllable or of two 
syllables. The results showed that they distinguished these three types of 
illegal consonant clusters by perceiving onsets with rising sonority correctly, 
and perceiving onsets with a sonority plateau more correctly than those with 
falling sonority. The participants tended to misperceive ill-formed sequences 
like /lb-/ as separated by a short schwa-like vowel most often. In other words, 
universally more marked structures posed more perceptual problems than 
less marked ones although none of the test items were attested in the L1. 
Berent et al. (2007) argue that native English speakers actively deploy 
knowledge of sonority sequencing universals, rather than knowledge of the 
English lexicon. Furthermore, Berent et al. (2009) reported a universal 
preference regarding unattested nasal-initial onset clusters in participants’ 
native language. The native English speakers were more likely to 
misperceive nasal-initial onsets with falling sonority as disyllabic compared 
to those with rising sonority. This misperception was not due to L1 or to a 
failure of processing the acoustic cues. They suggest that English speakers 
possess phonological knowledge of the relative markedness of onset clusters 
based on universal grammar.  

Hayes and White (2013) tested the status of phonotactic constraints in 
nonce words: 10 violating unnatural constraints (e.g., *[+cont, -strident]    
[-son], hethker), 10 violating natural constraints (e.g., *[-son] [+son] in coda, 
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kipl) and 20 violation-free forms (e.g., hethler, kilp). In the familiarization 
phase, the native English listeners were presented with bzarshk as an 
example of a strange-sounding word, kip as an example of a normal-
sounding one, and poik as an intermediate example. They found that 
violations of natural constraints had a stronger effect on native listener 
judgment than violations of unnatural constraints. That is, native listeners are 
biased to favor natural generalizations.   

Previous research on L1 phonotactic knowledge has focused on the effects 
of native phonotactics and universal preferences. In general, the results of 
previous experimental studies investigating native speakers’ responses to 
legal and illegal nonce words support a bias effect of syllable structure. 
Natural unmarked patterns are preferred and learned more easily than 
unnatural marked forms. In the following section the previous literature on 
the role of phonotactics in L2 perception is presented.  

Dupoux et al. (1999) and, Kabak and Idsardi (2007) demonstrated the way 
listeners perceived L2 sound strings which were illegal in the L1. Dupoux et 
al. (1999) conducted a series of perceptual studies and indicated that 
Japanese listeners, in contrast to French listeners, tended to perceive illusory 
epenthetic vowels within consonant clusters due to native phonotactics. 
Moreover, Kabak and Idsardi (2007) investigated the causes of perceptual 
epenthesis and showed that Korean listeners heard epenthetic vowels more 
often when a presented cluster had a syllable structure violation (e.g., *[c] or 
*[j]) than when a cluster had a consonantal contact violation (e.g., *[k.m] or 
*[l.n])3. 

Tench (2003) asked Korean learners of English to listen to English words 
and write down the words they heard. He found that there was variability 
when Korean listeners heard the English words including initial consonant 
clusters. For example, /sp-/, /st-/ and /str-/ were perceived correctly 100% of 
the time, /fr-/ 80% of the time, and /sf-/ 25% of the time. Altenberg (2005) 
investigated the acquisition of English onset consonant clusters by adult 
native speakers of Spanish. The results of the judgment task indicated that 
beginning, intermediate and advanced L2 learners had accurate knowledge 
of English onset clusters although L2 learners were not able to use that 
information as effectively as native English speakers. She pointed out that L2 
listeners’ misperception was not due to transfer from L1 as there was no 
difference in perception accuracy between the onset clusters which were 
grammatical in L1 and those which were not. Altenberg (2005) suggests that 
L2 perception is constrained by universal factors such as markedness and 
sonority principles.  

                                                           
3 Korean bans certain consonants in coda position (e.g., *[ph], *[c.], *[s.]). Stop sounds are 
neutralized as a homorganic lenis stop, and a fricative or an affricate becomes a coronal 
lenis stop [t]. Also, Korean has a nasalization rule that turns stop sounds into nasal sounds 
before a nasal sound (e.g., /k.m/ � [ŋ.m]: /hak.mun/� [haŋ.mun] ‘learning’). Furthermore, 
a lateralization rule changes nasal sounds into lateral sounds before or after a lateral sound 
(e.g., /n.l/ � [l.l]: /han.la.san/ �[hal.la.san] ‘Mt. Halla’). 
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Trapman (2007) conducted a word-likeness judgment task and a lexical 
decision task focusing on different consonant clusters. Phonotactically legal 
and illegal clusters of Dutch were presented in nonce words to native 
Spanish and Russian speakers learning Dutch. The results illustrated that L2 
learners distinguished between Dutch legal and illegal clusters. The level of 
the L2 learners’ exposure to Dutch was found to have a significant bearing 
on the selection of legal or illegal clusters. Namely, the responses of 
advanced learners were closer to native speakers’ responses than those of less 
advanced learners. That is, the advanced learners, not early learners, 
discriminated between different levels of ill-formedness. 

Cardoso (2008) examined the effects of two hypotheses (markedness on 
sonority sequencing and input frequency) for the development of English sC 
onset clusters in L2 interlanguage. The markedness hypothesis predicted that 
acquisition would progress from the least marked to more marked clusters 
(i.e., /sl-/ > /sn-/ > /st-/) whereas the frequency hypothesis predicted the 
reverse order of development (i.e., /st-/ > /sl-/ > /sn-/). The results from the 
analyses of a corpus and interviews for eliciting spontaneous speech 
indicated that sC clusters developed as a function of increased proficiency, 
and that the development of sC clusters supported the markedness hypothesis 
rather than the frequency hypothesis.  

Berent et al. (2008) investigated L2 listeners’ misperception of ill-formed 
clusters, and found that Korean learners of English misperceived universally 
dispreferred onset clusters (e.g., /lb-/) more frequently than universally 
preferred ones (e.g. /bl-/). Berent et al. (2008) argued that the misperception 
of universally dispreferred onset clusters by Korean speakers could not be 
readily explained by English proficiency or other phonetic and phonological 
properties of the L1.  

Mikhaylova (2009) tested the salience of the L2 phonological filter in 
fluent Russian-English bilinguals using monosyllabic nonce words with 
CCVCC structure that violated or conformed to the phonotactic constraints 
of English (e.g., dvind, flind). The results showed that L2 English speakers 
did not differ in their intuition patterns from native speakers, although they 
did differ from monolingual native speakers of English regarding overall 
accuracy and response time. The results also revealed that illegal nonce 
words were rejected faster than legal items. Mikhaylova (2009) claims that 
L2 materials which are not accessible in the L1 can be internalized by fluent 
L2 speakers.  

Lee (2011) explored the perception interaction between schwa deletion 
and English phonotactic constraints by conducting a syllable-count 
experiment on three different groups of L1 listeners (i.e., native English, 
Korean and Japanese speakers). The results of both mean accuracy and 
reaction times showed that among the three groups only English speakers 
were able to differentiate legal onsets from illegal ones resulting from schwa 
deletion. She also argued that native English listeners’ perception of illegal 
onsets with a sonority rise, a sonority plateau or a sonority fall complied with 
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prediction based on sonority-driven onset markedness.  
Previous research on L2 phonotactic knowledge is generally suggestive of 

a strong effect of L1 phonotactics in L2 perception. However, previous 
results regarding distinctions between legal and illegal syllables in L2 are not 
consistent. Altenberg (2005) and Berent et al. (2008) claim that L2 listeners 
are able to differentiate legal syllables from illegal syllables even though 
both syllable types are absent in their L1, and that these perceptual patterns 
can be explained by universal onset markedness. Lee (2011), on the contrary, 
concludes that only native listeners, not L2 listeners, are sensitive to the 
distinction between legal and illegal syllables resulting from schwa deletion.  

Furthermore, the effect of proficiency levels in L2 phonotactics is also still 
controversial. For example, Trapman (2007) suggests that relative 
inexperience with an L2 leads to failure to distinguish between illegal onset 
clusters. Mikhaylova (2009) also indicates that the overall patterns of 
recognizing nonce words with consonant clusters are the same between L1 
and fluent L2 speakers. In contrast, Altenberg (2005) purports that L2 
speakers, irrespective of their L2 proficiency, have accurate knowledge of 
English onset clusters. Berent et al. (2008) also argue that universally 
preferred clusters are correctly perceived more often than universally 
dispreferred ones, and that L2 proficiency cannot sufficiently explain L2 
learners’ misperception.  

The current study examines the effects of universal phonotactic 
knowledge and L2 proficiency levels on the perception of onset consonant 
clusters. One group of native English listeners and two groups of native 
Korean listeners at different L2 proficiency levels participated in a word-
likeness judgment experiment, and rated nonce words composed of three 
syllable types (i.e., legal syllables, illegal syllables with a sonority rise, and 
illegal syllables with a sonority plateau). Judgment scores and reaction times 
were measured.   

 
3. Methods 

 
3.1 Participants 

 
One group of native English listeners and two groups of native Korean 
listeners at different English proficiency levels participated in this 
experiment. Ten native English listeners (EL), five male and five female, 
served as a control group. All of them were English professors or instructors 
at a university in Seoul.  

The ten native Korean listeners with higher English proficiency (KLH), 
four male and six female, were graduate students at the same university. 
They were all in their 20s, and their major was English Education. They 
received partial course credit in return for their participation in this 
experiment. All of them had taken the TOEIC exam (Test of English 
International Communication), and their average TOEIC score was 924, 
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ranging from 895 to 980. They were considered advanced level learners of 
English based on their self-reported scores of the English proficiency test and 
the researcher’s observations in class. 

The ten native Korean listeners with lower English proficiency (KLL), 
five male and five female, were graduate or undergraduate students at the 
same university. They were all in their 20s and were not majoring in English. 
Only three of them had taken the TOEIC exam, and their average TOEIC 
score was 745. None of them had lived in an English-speaking country for 
more than six months. Their English proficiency was considered low based 
on their self-reported English proficiency level and on the researcher’s 
evaluation during a short interview before the experiment. None of the 
participants reported any speech or hearing problems.  

 
3.2 Materials 

 
The test items were nonce words of three syllable types: those including an 
initial consonant cluster which is legal in English (e.g., obstruent + liquid, 
/plig/, /grʊf/), those including an initial consonant cluster with a sonority rise 
which is illegal in English (e.g., obstruent + nasal, /pnig/, /fmʊk/), and those 
including an initial consonant cluster with a sonority plateau which is also 
illegal in English (e.g., two stops or two fricatives, /pkig/, /fzʊk/)4.  

There were a total of 162 nonce words (42 test items x 3 repetitions, 12 
filler items x 3 repetitions). The test items were constructed such that each 
onset was followed by a single vowel (/i/, /ʊ/ or /�/), and was followed by a 
single consonant (/k/, /g/, /p/, /b/, /f/ or /v/). All the items were monosyllabic 
words. Thus, the total of 126 test items include 14 nonce words with legal 
onset clusters, 14 nonce words containing illegal onset clusters with rising 
sonority, and 14 nonce words beginning with illegal onset clusters with a 
sonority plateau. Additional items containing initial consonant clusters such 
as /ʃr-/, /sl-/, /sm-/, or /ʃr-/ were used as fillers. All of the test stimuli are 
listed in the appendix.  

All of the items were produced naturally by a phonetically trained native 
speaker of English using GOM recorder with a Plantronics DSP-500 headset 
in a quiet room at a sampling rate of 44,100Hz. The speaker was asked to 
produce three repetitions at a natural speech rate of each nonce word written 
in both standard English orthography and phonetic symbols. Among each set 
of three repetitions of the same word, the second or last item was taken as the 
stimuli. The waveforms and spectrograms of all the items were checked 
using Praat 5.3.55 (Boersma and Weenink 2013) to make sure that there was 

                                                           
4 One reviewer wondered why another set of stimuli including onset clusters with sonority 
fall (e.g., lb-) was not used in this experiment. In much previous research (Berent et al. 
2008, Lee 2011) four types of onset sequences were used in syllable count experiments, 
including sequences with a sonority fall. In the present study a word-likeness judgment 
experiment was conducted, and it was supposed that it would have been difficult for the 
subjects to judge the acceptability of nonce words with falling sonority onset clusters, since 
those clusters could have been perceived as two syllables.  
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no vowel inserted between the two onset consonants. In sum, 162 nonce 
words were presented to each participant, and with the filler words excluded, 
a total of 1780 responses (126 tokens x 30 participants) were obtained and 
submitted for statistical analyses. 

 
3.3 Procedure 

 
The word-likeness judgment task was conducted in a quiet room on campus. 
The subjects were told how they should respond to each auditory stimulus, 
and a trial session consisting of 12 items was provided. They sat in front of a 
computer with a Plantronics DSP-500 headset, and the score choices were 
visually presented simultaneously on the computer screen. Five-point scales 
were utilized in order to judge how acceptable a nonce word was as an 
English word. A score of one (the worst) indicated that the stimulus was 
completely unacceptable as an English word, and a score of five (the best) 
implied that it was completely acceptable. The participants were asked to 
click on the number shown on the computer screen. They were also 
instructed to focus on onset clusters in the word-likeness judgment task.  

The auditory stimulus items were automatically randomized for each 
listener using Praat. Before the test, the native Korean participants filled in a 
language background questionnaire and were briefly interviewed about their 
English proficiency. In order to familiarize all the participants with the test, a 
trial session was administered before the main session started. The main 
experiment lasted approximately 20 minutes for each participant. The 
judgment scores and reaction times were recorded with Praat. Reaction 
times were measured from the offset of stimulus to the onset of response. 
The following figure shows the computer screen used during the judgment 
experiment. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Computer screen prompted by the Praat software 
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4. Results and discussion 
 

4.1 Judgment scores 
 

The average judgment scores obtained from all participants were 3.32 for the 
first syllable type (legal syllables in English), 1.93 for the second syllable 
type (illegal syllables with a sonority rise), and 1.74 for the third syllable 
type (illegal syllables with a sonority plateau). Figure 2 displays the 
judgment patterns of the three listener groups.   
 

 
 

Figure 2. Mean judgment scores by three listener groups 

 
The judgment score data was submitted to an ANOVA (analysis of 

variance) with listener group and syllable type as factors and judgment score 
as the dependent variable. All the analyses were performed using SPSS 
Statistics 18. The results of the analyses are described as significant if p<.05 
and highly significant if p<.01. The average scores on the three syllable types 
for each group, and pairwise comparisons between the three syllable types 
and between the three listener groups, are shown in Table 1. 
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Table 1. Pairwise comparisons of mean judgment scores  

 

Groups 
Syllable 

types 
Mean S.D.

Comparisons 
(syllables)

Comparisons 
(groups) 

EL 

(1) Legal  3.45 0.74 
(1) vs. (2) 
p=.000** 
(1) vs. (3)  
p=.000** 
(2) vs. (3)  
p=.009** EL vs. KLH 

p=.546 
 
EL vs. KLL 
p=.003** 

 
KLH vs. KLL 
p=.018* 

(2) Illegal 
    (rise) 

1.55 0.47 

(3) Illegal 
    (plateau)

1.39 0.45 

KLH 

(1) Legal  3.31 0.94 
(1) vs. (2)  
p=.001** 
(1) vs. (3)  
p=.000** 
(2) vs. (3)  
p=.044* 

(2) Illegal 
    (rise) 

1.81 0.76 

(3) Illegal 
    (plateau)

1.58 0.50 

KLL 

(1) Legal  3.19 0.45 
(1) vs. (2)  
p=.001** 
(1) vs. (3)  
p=.001** 
(2) vs. (3)  
p=.067 

(2) Illegal 
    (rise) 

2.43 0.55 

(3) Illegal 
    (plateau)

2.24 0.60 

*p<.05, **p<.01 
 
There were significant main effects of listener groups [F(2, 27) = 5.126, 

p<.01] and syllable types [F(2, 27)=56.267, p<.01]. There was also a 
significant effect of their interaction [F(4, 27)=2.781, p<.05]. Post-hoc 
pairwise comparisons (LSD test) of listener groups indicated that the 
judgment scores of native English listeners (EL) were significantly different 
from those of native Korean listeners with lower proficiency (KLL) (p<.01). 
However, the scores of native English listeners were not significantly 
different from those of Korean listeners with higher proficiency (KLH) 
(p=.546). When the scores of the two groups of Korean listeners were 
compared with each other, the Korean listeners with higher proficiency 
showed significantly lower scores than the Korean listeners with lower 
proficiency (p<.05). This suggests that the native English listeners did not 
perform differently from the Korean listeners with higher proficiency. 
Conversely, the performance of Korean listeners with lower proficiency was 
markedly different from both that of English listeners and Korean listeners 
with higher proficiency. This implies that L2 proficiency plays an important 
role in judging L2 syllable types.  

Another post-hoc pairwise comparisons (LSD test) of syllable types 
illustrate that legal syllables in English are more acceptable than the two 
illegal syllable types (all p<.01). However, the two types of illegal syllables 
are not significantly different from each other. (p=.237). It is suggested that 
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nonce words with legal syllables are generally more acceptable than those 
containing illegal syllables.  

Furthermore, a repeated measures ANOVA was conducted for the three 
listener groups separately in order to determine the effect of syllable types. 
For native English listeners, there was a highly significant effect of syllable 
types [F(2, 7)=39.089, p<.01]. A post hoc pairwise comparison indicated that 
native English listeners distinguished between the three types of syllable 
structure (all p<.01). In other words, it is clear that for native English 
listeners legal syllables are more acceptable than illegal syllables, and illegal 
syllables with a sonority rise are more acceptable than those with a sonority 
plateau. Also, a significant effect of syllable types was shown for the Korean 
listeners with higher proficiency [F(2, 7)=22.871, p<.01]. A post hoc 
pairwise comparison showed that Korean listeners with higher proficiency 
also discriminated between the three types of syllable structure (p<.01 
between the legal and illegal syllables, and p<.05 between the two illegal 
syllable types).  

Moreover, there was a significant effect of syllable type for the Korean 
listeners with lower proficiency [F(2, 7)=10.773, p<.01]. A post hoc pairwise 
comparison showed that the Korean listeners with lower proficiency 
distinguished between the legal and illegal syllables (p<.01), but they did not 
distinguish between the two illegal syllable types (p>.05).  

It appears that the native English listeners and Korean listeners with higher 
proficiency showed the same judgment pattern. Both listener groups were 
sensitive to sonority distance in onset clusters, and distinguished between the 
three syllable types. However, the results of the Korean listeners with lower 
proficiency were not consistent with those of either the native English 
listeners or the Korean listeners with higher proficiency. The Korean 
listeners with lower proficiency were not aware of the differences between 
the two illegal syllable types. In other words, although phonetic naturalness 
(illegal syllables with a sonority rise vs. illegal syllables with a sonority 
plateau) affected the judgment of the native English listeners and native 
Korean listeners with higher L2 proficiency, it did not affect the judgment of 
native Korean listeners with lower L2 proficiency.  

These findings were consistent with the results of Trapman (2007) and 
Mikhaylova (2009). Trapman revealed that only advanced L2 learners 
demonstrated a significant difference between the legal and illegal onset 
clusters. He suggests that experience with the target language plays a role in 
L2 development. Mikhaylova (2009) also contended that the overall 
judgment patterns of fluent L2 speakers were very similar to those of native 
speakers  

However, the current findings do not fully conform to some existing 
research (Altenberg 2005, Berent et al. 2008, Lee 2011). Altenberg (2005) 
indicated that all L2 learners, regardless of proficiency level, were able to use 
their knowledge of L2 onset clusters correctly most of the time in perceptual 
experiments. He argued that L2 learners’ perception accuracy for onset 
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clusters supported the role of universal factors such as segment well-
formedness, universal CV syllable type and sonority. Furthermore, Berent et 
al. (2008) contended that Korean listeners’ more frequent misperception of 
ill-formed clusters could not be explained by either speakers’ L2 proficiency 
or L1 phonology. In Lee’s study (2011) Korean listeners with upper-
intermediate or advanced level of English did not show a sensitivity to 
English phonotactic restriction on legal vs. illegal onset clusters derived by 
schwa deletion.  

The results of the present study cannot be explained only by universal 
preferences. According to Clements (1990), onset clusters with greater 
sonority differences are universally preferred to onset clusters with smaller 
sonority differences. If sonority-based universal markedness prevailed over 
L2 proficiency, even Korean listeners with lower proficiency could 
differentiate illegal onset clusters with a sonority rise from illegal onset 
clusters with a sonority plateau. However, the Korean listeners with lower 
proficiency were not able to discriminate between those two illegal onset 
cluster types. In other words, the native Korean listeners with lower 
proficiency did not demonstrate that universally less-preferred clusters were 
considered worse examples of a language than universally more-preferred 
ones when both kinds of clusters were unattested in L2.   

The present study does not exploit the misperception of ill-formed or well-
formed L2 syllables, and its findings cannot be directly compared with those 
of some previous studies (Berent et al. 2008, Lee 2011). However, it is clear 
that L2 phonotactic knowledge based on L2 proficiency has a strong effect 
on the acceptability of onset clusters in nonce words.  
 

4.2 Reaction time 
 

The average reaction times were 2.28 seconds for the first syllable type (legal 
syllables in English), 2.03 for the second syllable type (illegal syllables with 
a sonority rise), and 1.98 for the third syllable type (illegal syllables with a 
sonority plateau). The following figure displays the reaction times for the 
three different syllable types for the three groups5. 

                                                           
5 One reviewer raised the question of why the reaction times were longer in general in the 
present study relative to those shown in the previous studies (Berent et al. 2008, Lee 2011). 
The differences in reaction times could be derived from the differences in the tasks. 
Whereas in the previous studies a syllable count task was used, in the present study a word-
likeness judgment task was employed, a task which might have needed more time to 
complete.  
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Figure 3. Reaction times (RT) by three listener groups 

 
As shown in Figure 3, the results of the native English listeners and those of 
the native Korean listeners with higher proficiency revealed the same pattern. 
The reaction time (RT) data was submitted to a ANOVA with listener groups 
and syllable types as factors and judgment scores as a dependent variable. 
There was no significant main effect of listener groups [F(2, 27)=0.172, 
p=.842]. However, there was a marginally significant effect of syllable types 
[F(2, 27)=3.282, p<.05]. Further, there was no significant effect of their 
interaction [F(4, 27)=0.086, p=.986]. Although the Korean listeners with 
lower proficiency responded slightly faster than the other listener groups, 
there was no significant difference between the three groups in terms of RT. 

Post-hoc pairwise comparisons (LSD test) of syllable type illustrated that 
the processing of legal syllables took more time than that of the two illegal 
syllable types (both p<.05). However, the two types of illegal syllables were 
not different from each other. (p=.698). It seems that the listeners generally 
responded more slowly for nonce words with legal clusters than for those 
containing illegal ones. This is to say that the listeners denied the 
acceptability of illegal syllables quickly, whereas they responded more 
slowly when they had to judge the acceptability of legal syllables. Although 
both the native English listeners and native Korean listeners with higher 
proficiency distinguished between the two illegal syllable types in terms of 
judgment scores, this distinction was not reflected in their reaction times.  

In addition, a repeated measures ANOVA was conducted for the three 
listener groups separately in order to determine where there was a syllable 
type effect. There was no significant syllable type effect for any of the three 
groups (all p>.05).  

The results of reaction times in the current study revealed a tendency for 
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participants’ response times to decrease along with a decrease in sonority 
distance. In other words, they quickly identified and rated illegal syllables 
with a small sonority rise or sonority plateau as bad candidates for English 
words. In contrast, when presented with legal syllables with a large sonority 
rise, their responses were slower.  

These results are consistent with those of Kager and Shatzman (2007) and 
Trapman (2007). The results of their experiments indicated that native 
listeners assigned higher scores to nonce words with legal onsets and needed 
more time to reject these phonotactically well-formed nonce words than 
nonce words containing illegal onsets. The present findings also support the 
results of Mikhaylova (2009), where both native English speakers and fluent 
Russian-English bilinguals rejected words containing illegal clusters much 
faster than those containing legal clusters.  

However, the present results are not consistent with those of some 
previous research. Berent et al. (2008) found that participants were more 
accurate and significantly faster when they responded to onsets with large 
sonority rises compared with relatively less well-formed onsets with plateaus. 
Lee (2011) pointed out that native English listeners responded to legal onset 
clusters more accurately and much faster than to illegal onsets, while Korean 
listeners were insensitive to the distinction between legal and illegal onset 
clusters, and showed the opposite tendency.  

The disparity in results between the present study and previous research 
may be attributed to a difference in the experimental tasks. The participants 
in Berent et al. (2008) were asked to indicate whether the stimuli included 
one syllable or two (a syllable count task), and whether two paired stimuli 
were identical or not (a discrimination task). Lee (2011) also used a syllable 
count task. However, in the present study the participants were asked to 
judge the acceptability of stimuli items as English words (a word-likeness 
judgment task). The participants’ responses to nonce words with legal 
syllables were slower than to those with illegal syllables because the former 
are only slightly different from existing English words, but the latter are 
clearly different from them. Thus, it may naturally take more time for the 
participants to judge items based on subtle differences than ones based on 
large differences. Lexical activation may impede the judgment process when 
legal items are presented (Kager and Shatzman 2007, Trapman 2007). 

The general patterns shown in the judgment scores of three different 
syllable types are different from those shown in the reaction times. In the 
judgment scores a gradual difference is revealed between three different 
onset clusters for at least native English listeners and native Korean listeners 
with higher proficiency: legal syllables > illegal syllables with a sonority rise 
> illegal syllables with a sonority plateau (from the highest to the lowest 
scores). However, in the reaction times, only a categorical difference 
between two types of syllables (legal vs. illegal syllables) is shown. The 
sonority-based difference in illegal onset clusters does not affect the 
listeners’ reaction times.   
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5. Conclusion 
 
The current study was designed in order to gain a greater insight into L2 

phonotactics. Word-likeness judgments of onset clusters by Korean listeners 
at two different levels of L2 proficiency were examined. Native English 
listeners also participated in this study as a control group. The participants 
judged the acceptability of nonce words composed of three onset clusters as 
new English words – legal onsets (e.g., /prʊk/, /blɪf/), illegal onsets with a 
sonority rise (e.g., /pnɪg/, /fmʊk/), and illegal onsets with a sonority plateau 
(e.g., /pkɪg/, /fzʊk/).  

The results obtained from the judgment scores revealed significant effects 
in terms of listener group and syllable type. All three listeners groups were 
able to distinguish between legal and illegal syllable structures. However, the 
judgment patterns of both native English listeners and native Korean 
listeners with higher proficiency were significantly different from those of 
native Korean listeners with lower proficiency. The native English listeners 
and native Korean listeners with higher proficiency preferred illegal syllables 
with a sonority rise to illegal syllables with a sonority plateau, even though 
English has neither type of onsets. Conversely, the native Korean listeners 
with lower proficiency did not reveal a preference between the two illegal 
syllable types, although they were able to discriminate between legal and 
illegal syllables.   

The results for reaction times indicated a significant effect of syllable type. 
As sonority distance in onset clusters decreased, the listeners’ responses 
tended to be faster. The listeners quickly rated illegal syllables with a small 
sonority rise or sonority plateau as bad candidates for English words. In 
contrast, when they were presented with legal syllables with a large sonority 
rise, their responses were slower. Furthermore, only a distinction between 
legal and illegal syllables was shown, as no distinction was found between 
illegal syllable types in terms of reaction times. It would seem that in the 
present study the results of the judgment scores were more fined-grained 
than those of the reaction times because the latter did not reveal any 
differences between the two illegal syllable types.  

The present results cannot be explained only by the universal preference 
for greater sonority distance in onset clusters. Universal preferences related 
to the sonority principle and L2 proficiency interacted with each other in L2 
judgments. If universal preferences had a strong effect on the listeners’ 
judgments, all the listeners in the three groups would have differentiated the 
illegal syllables with a sonority rise from the illegal syllables with a sonority 
plateau. However, in the present study the Korean listeners with lower 
English proficiency were not able to discriminate between the illegal 
syllables with a sonority rise and the ones with a sonority plateau. Thus, the 
results suggest that L2 phonotactic knowledge expands as L2 proficiency 
increases and plays a more important role in the judgment of L2 nonce words 
than universal preferences related to the sonority principle. 
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Appendix. Stimuli used for the word-likeness judgment task 
 

Legal syllables in English Illegal syllables in English

Large sonority rise Small sonority rise Sonority plateau 

(pl/pr) 
plig [plɪg] 
prook [prʊk] 

(pn/pm)
pnig [pnɪg] 
pmook [pmʊk]

(pk/pt)             
pkig [pkɪg] 
ptook [ptʊk]

(tr) 
treg [trɛg] 
trook [trʊk] 

(tn/tm)
tnig [tnɪg] 
tmook [tmʊk]

(tk/tp)
tkig [tkɪg] 
tpook [tpʊk]

(kl/kr) 
klib [klɪb] 
kloop [klʊp] 

(kn/km)
knib [knɪb] 
kmoop [kmʊp]

(kp/kt)
kpib [kpɪb] 
ktoop [ktʊp]

(bl/br) 
blif [blɪf] 
broof [brʊf] 

(bn/bm)
bnif [bnɪf] 
bmoof [bmʊf]

(bd/bg)
bdif [bdɪf] 
bgoof [bgʊf]

(dr) 
drif [drɪf] 
droof [drʊf] 

(dn/dm)
dnif [dnɪf] 
dmoof [dmʊf]

(db/dg)
dbef [dbɛf] 
dgoof [dgʊf]

(gl/gr) 
glef [glɛf] 
groof [grʊf] 

(gn/gm)
gnif [gnɪf] 
gmoof [gmʊf]

(gb/gd)
gbef [gbɛf] 
bdoof [bdʊf]

(fl/fr) 
flig [flɪg] 
frook [frʊk] 

(fn/fm)
fnig [fnɪg] 
fmook [fmʊk]

(fs/fz)
fsig [fsɪg] 
fzook [fzʊk]

 
 

REFERENCES 
 

ALTENBERG, EVELYN. 2005. The judgment, perception, and production of 

consonant clusters in a second language. IRAL 43, 53-80.  

BERENT, IRIS, TRACE LENNERTZ, JONGHO JUN, MIGUEL A. MORENO, and 

PAUL SMOLENSKY. 2008. Language universals in human brains. 

Proceedings of the National Academy of Sciences 105, 5321-5325. 

BERENT, IRIS, TRACY LENNERTZ, PAUL SMOLENSKY and VERED VAKNIN. 

2009. Listeners’ knowledge of phonological universals: evidence from 

nasal clusters. Phonology 26, 75-108. 

BERENT, IRIS, DONCA STERIADE, TRACY LENNERTZ and VERED VAKNIN. 

2007. What we know about what we have never heard: evidence from 

perceptual illusions. Cognition 104, 591-630. 

BOERSMA, PAUL and DAVID WEENINK. 2013. Praat: doing phonetics by 

computer [Computer program]. version 5.3.55, retrieved from 



158  Eunkyung Sung 

http://www.praat.org. 

BROSELOW, ELLEN and DANIEL FINER. 1991. Parameter setting in second 

language phonology and syntax. Second Language Research 7, 35-59. 

CARDOSO, WALCIR. 2008. The development of sC onset clusters in 

interlanguage: markedness vs. frequency effects. Proceedings of the 9th 

Generative Approaches to Second Language Acquisition Conference 

(GASLA 2007), 15-29.  

CLEMENTS, GEORGE N. 1990. The role of the sonority cycle in core 

syllabification. In John Kingston and Mary E. Beckman (eds.). Papers 

in Laboratory Phonology I: Between the Grammar and Physics of 

Speech, 283-333. Cambridge: Cambridge University Press. 

DUPOUX, EMMANUEL, KAZUHIKO KAKEHI, YUKI HIROSE, CHRISTOPHE 

PALLIER and JACQUES MEHLER. 1999. Epenthetic vowels in Japanese: A 

perceptual illusion? Journal of Experimental Psychology: Human 

Perceptual and Performance 25, 1568-1578. 

ECKMAN, FRED R. and GREGORY K. IVERSON. 1993. Sonority and 

markedness among onset clusters in the interlanguage of ESL learners. 

Second Language Research 9, 234-52. 

GREENBERG, JOSEPH H. 1978. Some generalizations concerning initial and 

final consonant clusters. In EDITH A. MORAVCSIK (ed.). Universals of 

Human Language: Method and Theory Vol 2, 243-279. Stanford, CA: 

Stanford University Press. 

HAYES, BRUCE and JAMES WHITE. 2013. Phonological naturalness and 

phonotactic learning. Linguistic Inquiry 44, 45-75.  

KABAK, BARIS and WILLIAM J. IDSARDI. 2007. Perceptual distortions in the 

adaptation of English consonant clusters: syllabus structure or 

consonantal contact constraints? Language and Speech 50.1, 23-52. 

KAGER, RENE and KEREN SHATZMAN. 2007. Phonological constraints in 

speech processing. In Bettelou Los and Marjo van Koppen (eds.). 

Linguistics in the Netherlands 2007, 99-111. Amsterdam: John 

Benjamins. 

KENSTOWICZ, MICHAEL. 1994. Phonology in Generative Grammar. 

Cambridge, MA: Blackwell. 

LEE, SHINSOOK. 2011. The perceptual interaction between schwa deletion 

and English phonotactic constraints. Korean Journal of Linguistics 36.3, 

699-733. 

MIKHAYLOVA, ANNA. 2009. L2 Nonword Recognition and Phonotactic 

Constraints. University of Pennsylvania Working Papers in Liguistics 



Judgment of L2 phonotactics by Korean listeners at two proficiency levels  159 

15.1, 145-152.  

MORETON, ELLIOTT. 2002. Structural constraints in the perception of English 

stop-sonorant clusters. Cognition 84, 55-71. 

PARKER, STEPHEN. 2002. Quantifying the Sonority Hierarchy. PhD 

Dissertation. University of Massachusetts. 

PITT, MARK A. 1998. Phonological processes and the perception of 

phonotactically illegal consonant clusters. Perception and 

Psychophysics 60, 941-951. 

SELKIRK, ELISABETH O. 1982. The syllable. In Harry van der Hulst and 

Norval Smith (eds.). The Structure of Phonological Representations, 

337-383. Dordrecht, The Netherlands: Foris. 

                    . 1984. On the major class features and syllable 

theory. In MARK ARONOFF and RICHARD T. OEHRLE (eds.). Language 

Sound Structure, Language Sound Structures, 107-136. Cambridge, 

MA: MIT Press. 

SMOLENSKY PAUL and GÉRALDINE LEGENDRE. 2006. The Harmonic Mind: 

From Neural Computation to Optimality-theoretic Grammar. Vol 2 

Cambridge, MA: MIT Press. 

STERIADE, DONCA. 1982. Greek Prosodies and the Nature of Syllabification. 

MA Thesis. MIT.  

TENCH, PAUL. 2003. Non-native speakers’ misperceptions of English vowels 

and consonants: Evidence from Korean adults in UK. IRAL 41, 145-173. 

TRAPMAN, MIRJAM. 2007. Phonotactic Constraints on Consonant Clusters 

in Second Language Acquisition. MA Thesis. Utrecht University. 

WILSON, COLIN. 2003. Experimental investigation of phonological 

naturalness. WCCFL 22 Proceedings, 533-546.  
 
 
Eunkyung Sung 
Department of English 
Cyber Hankuk University of Foreign Studies 
107 Imun-ro, Dongdaemun-gu, Seoul  
Korea 130-791 
e-mail: eks@cufs.ac.kr 
 
 
received: July 16, 2014 
revised: August 12, 2014 
accepted: August 13, 2014 



<<
  /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 /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 (None)
  /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>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


