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in L2 English palatalization. Studies in Phonetics, Phonology and Morphology 18.2. 
297-320. This study investigates how Korean L2 speakers produce word-final 
alveolars placed in the word-boundary palatalization environment in English. The 
purpose of our research is to see whether they show production variation according 
to lexical factors such as word frequency and wordhood and phonological factors 
such as word-final alveolar types, number of syllables of the target words, number 
of word-final codas, etc. Four possible pronunciation variants were identified for 
word-final alveolars (canonical, palatalization, deletion, and wrong pronunciation). 
First, the results showed that like previous studies on L1 production, phonological 
variation was found for Korean L2 speakers. Specifically, canonical variants were 
predominant, and then the realization of palatalization was also common, whereas 
mispronounced variants such as deletion and wrong pronunciation were quite rare. 
Second, word frequency affected the likelihood of palatalization similar to native 
speakers of English. Palatalization was found more in high-frequency words than 
in low-frequency words. Third, wordhood affected the likelihood of palatalization. 
Fourth, production patterns as well as the likelihood of palatalization were affected 
by word-final alveolar types. Finally, backness of the vowels preceding word-final 
alveolars affected the occurrences of palatalized variants. That is, word-final 
alveolars underwent palatalization immediately following front vowels more 
frequently than back vowels. These findings suggest that production variability is 
observed even for L2 speakers as well as for L1 speakers. Furthermore, they 
provide additional support for the claim that frequency may be encoded in word 
representation of L2 speakers’ mental lexicon. Finally, they revealed that many 
phonological factors contribute to variability of production of categorical 
phonological rules by L2 speakers, indicating that listeners might consider lexical 
and phonological factors to recover speakers’ intended words. (Daegu University) 
 

Keywords: word frequency, phonological environments, likelihood of palatalization, 
phonological variation, L2 speakers’ production.         

 
 

1. Introduction 
 
Phonological variation on the realization of phonological rues is a very 
natural process both for L1 and L2 speakers, and yet interestingly, it rarely 
poses challenges for listeners. It has been well documented that a multitude 
of factors, either lexical or phonological, affect the variation of production 
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of phonological rules for L1 speakers (lexical frequency, Bush (2001), 
Ernestus et al. (2006); lexical neighborhood density, Vitevitch (2002), Yun 
(2010); morphological condition on word final “t/d” deletion, Guy (1980); 
prosody on schwa deletion and epenthesis, Kuipers and Donselaar (1998); 
speaking rate on English schwa deletion, Dalby (1986); speakers’ sex and 
age effect on the duration of affixes in Dutch, Pluymaekers et al. (2005)). 
On the ground of production and perception results, in particular, it has 
been proposed that lexical factors such as lexical frequency and 
neighborhood density are critical parameters to organize words in the 
mental lexicon for L1 speakers (Morrisette and Gierut 2002, Vitevitch 
2002). 1  Compared to ample studies on phonological variation for L1 
speakers, little research revealed lexical and phonological factors on 
phonological variation by L2 speakers. Thus the present study investigates 
frequency and phonological environmental effects on L2 palatalization and 
describes factors in brief (Bell et al. 2003, Johnson 2004).2 We will briefly 
review frequency and phonological environment effects on phonological 
variation. 
 

1.1 Frequency effects on phonological variation 
 
Lexical frequency has been found to influence not only the likelihood or 
applicability of categorical phonological rules but also the possible range 
of variation forms, showing their gradient realization. For instance, 
Patterson and Connine (2001) found that high-frequency words favored a 
flapping variant [R] of word-medial /t/ in English over the aspirated variant 
[th] (e.g., city [sIRI], butter [b√R‘]).  

Dilley and Pitt (2007) investigated regressive assimilation in English 
through Buckeye Corpus. First, they found that the likelihood of place 
assimilation showed variation depending on the word-final consonant type 
(/n/: /d/: /t/ = 73%: 51%: 25%). Furthermore, the range of variation was 
also affected by lexical frequency. Specifically, more frequent 
monosyllable function words like in, can, on, that, just, it exhibited a wider 
spectrum of variation forms (e.g., assimilation, deletion, glottalization, 
canonical form) than less frequent words. Low-frequency words, however, 
did not undergo place assimilation but instead were mostly realized with an 
underlying (or canonical) form. 

Ernestus et al. (2006) also examined the role of lexical frequency on the 
likelihood of voicing assimilation in Dutch. They found that high-
frequency words underwent complete regressive or progressive voice 
assimilation, whereas low-frequency words were produced without voice 

                                                 

1 Word frequency refers to the number of cases where a word is used in a certain corpus, 
while lexical neighborhood density refers to the number of similar words that differ from a 
given word in one phoneme by substitution, addition or deletion (Goldrick and Rapp 2007). 

2 In the current study, L1 speakers refer specifically to English native speakers, while L2 
speakers to Korean learners of English.  
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assimilation. Such frequency-conditioned likelihood of voice assimilation 
gave rise to phonological variation. Specifically, 43% of consonant clusters 
were pronounced as completely voiced, 25% as completely voiced, and 
20% as unassimilated. These results were interpreted to suggest that 
higher-frequency words are pronounced with less articulatory efforts and 
thus tend to be assimilated more than lower-frequency words.  

Cooper and Paccia-Cooper (1980) showed that high-frequency words 
are more likely to show palatalized [d] before [j] than low-frequency words. 
Bush (2001) also investigated the correlation between string frequency and 
the likelihood of palatalization applying across word boundaries in English 
with corpus data for adults and fifth graders. He found that high-frequency 
strings like did you, don’t you, would you, last year, what you, put your, etc. 
were pronounced with palatalized variants more successfully than low-
frequency strings such as bad you, but yet, eat you, had you, good you, 
kind you’d, etc. Building on the findings, it was suggested that the 
collocated strings with high “correlation strength” due to high-frequency 
such as would you might be stored in lexicon as a single unit and thus are 
more highly likely to show palatalization than those with low “correlation 
strength” due to low-frequency such as good you. That is, it was given an 
interesting interpretation that word-boundary palatalization could be 
replaced with word-internal correspondent, following Chomsky and Halle 
(1968: 230). 

Jurafsky et al. (2001) looked into Switchboard database to examine the 
probability of final [t/d] deletion in English content words with different 
frequencies. They found that content words with high-frequency such as 
want, just, lot, good, etc. exhibited two times more likelihood of word-final 
[t/d] deletion than low-frequency words such as punished, closed, touched, 
draft, etc. On top of that, the relative frequency of previous words also 
affected the likelihood of final [t/d] deletion to the extent that high-
frequency previous words caused less deletion in the target words than 
low-frequency previous words. Furthermore, it was found that the former 
was produced with 18% shorter duration than the latter. 

Numerous previous studies mentioned above suggest that lexical 
frequency plays a crucial role in the likelihood of phonological rules for L1 
speakers’ production, giving rise to phonological variation. They also 
indicate that frequency might be encoded in the word representation with 
different association strengths. Of interest is the indication that L1 listeners 
take advantage of frequency-dependent attention load as well as other 
factors to recognize or restore the speakers’ intended words. Building on 
these previous studies on L1 production, the current study investigates 
whether lexical frequency effect can be obtained for L2 speakers with 
respect to the likelihood of palatalization and the potential range of 
variation. 
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1.2 Phonological contexts on phonological variation 
 
Since one of the goals in the present investigation is to see the role of 

phonological environments on the likelihood of palatalization, let us take a 
brief look at previous studies that handled the effects of morphological or 
phonological factors on the phonological variations. As mentioned in 
previous section, Dilley and Pitt (2006) looked into the likelihood of 
English place assimilation and the range of phonological variation. They 
found that the pattern of variation differed depending on the word-final 
target consonants. Specifically, final /d/-words exhibited unassimilated 
(canonical) forms most (51%), then favored a deleted type (44%), and then 
assimilation occurred only 5% (e.g., tad pot). Words with final /n/ were 
intact as a canonical form by 73%, and 20% of the tokens were pronounced 
as assimilated forms. Word-final /t/s were realized mostly as glottal 
variants (31%) or deleted (37%), whereas assimilation variants were only 
7% (e.g., pot[/] cap). This finding indicates that types and ranges of 
variants are also affected by the targets of a phonological rule. 

In addition to the type of target segments, phonological environments as 
well exert an influence on the likelihood of phonological rules. Mitterer 
and Ernestus (2006) analyzed 300 utterances from spoken corpus in Dutch 
and revealed that word-final /t/-deletion is affected by preceding and 
following environments. That is, /t/ was more highly likely to be deleted 
following /s/ than /n/ and /x/ (18% vs. 3% vs. 5%). Furthermore, it was 
deleted before obstruents more frequently than before vowels (14 % vs. 
3%). Moreover, Raymond et al. (2006) also showed that word-medial /t/ in 
English is frequently elided when it occurs in the onset of post-stress 
syllables and follows /n/ (e.g., cóunter, cántaloupe, etc). However, it was 
not deleted when the following vowel is not reduced but realized as a full 
vowel (e.g., context, contact, etc). Finally, Pitt (2009) performed a similar 
analysis to see the variation pattern for word-medial /t/ in disyllabic 
English words. It was shown that deletion occurred 75%, canonical form /t/ 
5%, glottal variants 6%, and changes to /d/ 7% when the second syllable 
contained a reduced vowel (e.g., center, counter, plenty, etc). On the other 
hand, when the vowel of the second syllable was a full vowel, only 11 % 
was deleted, and 65% was realized as a canonical (underlying) form [t]. 
Pitt suggested that the application of a phonological rule like /t/-deletion is 
sensitive to phonological environments. 

In sum, the applicability of phonological rules and the range of 
phonological variations are sensitive to a multitude of lexical and 
phonological factors as illustrated above in phonological rules across 
languages. Such wide phonological variation requires listeners to take into 
consideration many variables such as lexical frequency, morphological 
environments, and phonological environments in order to successfully 
recover speakers’ intended words (Dilley and Pitt 2007, Gaskell and 
Marslen-Wilson 1998).  
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1.3 Research questions 
 
Despite of a great bulk of phonological variation for L1 speakers, much 

attention has not been paid to L2 speakers’ applicability of phonological 
rules in their target L2 and the potential type or range of phonological 
variation. Thus the current study attempts to build on prior research on L1 
phonological variation and to focus on what patterns of phonological 
variation emerge for L2 speakers. 

First, one goal of the present investigation is to see whether lexical 
frequency plays a role in Korean L2 speakers’ pronunciation variation for 
English palatalization. Moreover, we attempt to explore what type or range 
of variants emerges to what extent in their production. If it is found that the 
likelihood of palatalization varies depending on frequency, it might 
provide additional support for the assertion that frequency information is 
encoded in or associated with word representation with different strength 
according to the degree of frequency even for L2 speakers as well as for L1 
speakers (Bybee and Hopper 2001, Luce and Pisoni 1998). Korean 
palatalization differs from English palatalization in that the former 
obligatorily occurs solely across morpheme boundaries, whereas the latter 
takes place obligatorily for morpheme-boundary case (e.g., expression) but 
word-boundary palatalization is optional (e.g., did you). Thus, it might be 
worthwhile to investigate how/whether Korean L2 speakers realize English 
optional word-boundary palatalization. 

Second, the current study explores whether Korean L2 speakers’ 
variation is sensitive to phonological environments centering on 
palatalization such as the number of syllables, the type of trigger 
consonants, the number of codas, etc. This question addresses the issue of 
whether phonological environments might be universal constraints 
working for the application of phonological rules. Since there have been 
few studies on the role of phonological environments on the likelihood of 
palatalization even for L1 speakers, the results in our study will shed new 
insights on the patterns for L2 speakers. 

This paper is organized as follows. Section 2 explicates an acoustic 
experiment along with subjects, materials, and procedures and reports 
results. In Section 3, the likelihood of palatalization and emerging patterns 
of its production by Korean L2 learners are discussed and section 4 
concludes the paper.  
 

2. Experiment: Acoustic Study 
 

2.1 Subjects 
 
Forty English-learning Korean speakers participated in the production 
experiment. They were all junior or senior undergraduate students and 
majored in English at Department of English in Daegu University. Thus 
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presumably they had reasonable competence in English. They were all the 
users of North Gyeongsang dialect in Korean. Twenty five females and 
fifteen males participated in the production of English words. They ranged 
in age from 21 to 28 years, with an average age of 23. They had varied 
amount of exposure to English and all of them had 2 to 16 years of formal 
English instruction through middle school, high school and college. Their 
self-evaluated proficiency was average 5 out of ten, ranging from 3 to 7. 
One subject did not fill in his self-rating proficiency level, and five did not 
report their TOEIC scores because they did not take the test before. Their 
TOEIC scores were average 657, ranging from 315 to 920. Taking into 
self-evaluated proficiency and official TOEIC scores, they seem to be of 
intermediate-level in English. Subject information is summarized in Table 
I below. 

 

Table 1. Korean speakers’ English learning background 

 

 No. Mean Min Max SD 

Age 40 23 21 28 1.5 

Length of English Study 40 10 2 16 3.6 

Self-rating proficiency 39 5 3 7 1.2 

TOEIC score 35 657 315 920 160 

 
2.2 Stimuli 

 
In order to obtain production materials, 192 test words were extracted from 
the book which listed real English words with type and token frequency on 
the basis of the British National Corpus (Leech et al. 2001).3 All were 
mono-, di-, or tri-syllabic in length (See the sample words in the Appendix). 
Half of the test words were classified as low-frequency items (token 
frequency 1~50), and the other half as high-frequency ones (>50) as 
illustrated in Table 2.4 
 

                                                 

3 The British National Corpus (BNC) contains around 100 million words of spoken and 
written British English. Approximately 90 % comes from written data and 10 % is spoken 
data. BNC consists of 4,124 different text files and a majority of texts include 
contemporary English data from the period 1985-1994 (Leech et al. 2001). 

4 The criteria by which words can be divided into high- and low-frequency are not absolute 
but rather subjective or relative. The present study adopted frequency 50, following Imai et 
al. (2005). Furthermore, we assume that word frequency used in the present study and 
elicited from BNC reflects native speakers’ subjective frequency, following previous 
research showing high correlation between those two (Shatzman and Schiller 2004). 
However, as pointed out by a reviewer, it is still hard to match L1 frequency encoded in 
BNC with subjective frequency which L2 Korean learners might have been exposed to 
during formal English education. 
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Table 2. Mean word frequency of test words  

(token frequency refers to occurrences per million words) 

 

WF Example Mean N Min Max SD 

LF “beat” 10 96 0 45 10.3 

HF “meet” 605 96 50 26817 2915 

 
All the words were divided into four groups according to the word-final 
consonant type (/t, d, s, z/) to see the effect of target consonant type on the 
likelihood of palatalization. Moreover, both the frequency groups 
contained twelve vowels in the final syllables, such as /i, I, E, Q, u, U, aU, o, 
ç, A, aI, √/. Furthermore, all the items differed in the number of word-final 
consonants, i.e. one, two or three consonants (e.g., treat, print, resolves). In 
sum, all the test items were different according to word frequency and four 
other phonological factors such as (i) word-final consonant type (/t, d, s, z/), 
(ii) number of syllables (mono-, di-, tri-), (iii), number of word-final 
consonants (single, double, triple), and (iv) 12 vowel types in word-final 
syllable. 

In order to explore the wordhood effect on the likelihood of 
palatalization, 10 nonce-words were added for control items ending with /t, 
d/ (e.g., keet, gwit, swate, pwet, kwat, woot, nood, zoat, poht, maht). 
Finally, additional eight words were employed as fillers. Taken together, 
210 words, all told, were presented to the subjects. Thus, a total of 8400 
stimuli were obtained and analyzed (210 tokens × 40 subjects).  
 

2.3 Procedures 
 
Since this study focuses attention on word-boundary palatalization, all the 
target words ending with an alveolar (/t, d, s, z/) are immediately followed 
by a word beginning with a triggering palatal /j/ such as “you/your”. In 
order to elicit natural pronunciations, all the two-word sequences were 
contained in the carrier phrases or sentences where the word-target 
expressions are preceded by a mono-syllabic article or pronoun and 
followed by a mono-syllabic word such as “too, do, land, etc.) (e.g., “He 
pops you, too”, “I choose you, too”, “He pulls you, too”, “I support you, 
too”, etc). All the sentences with target words were randomly mixed with 
sentences with eight filler words. The forty Korean learners of English 
were instructed to read the sentences one time at a normal and comfortable 
speed in a quiet phonetics room through a microphone attached a computer. 
They were not explicitly asked to read the phrases with the application of 
palatalization. They were recorded through PRAAT (Boersma and 
Weenink 2009) and the sentences were digitized at a 4.4 kHz sampling rate. 
On average, the entire experiment lasted about 30 min. 

In order to see if the word-final target alveolars were palatalized, 
phonetic transcriptions were made by two trained phoneticians, who were 
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paid for labeling. One labeler relied on spectrograms and waveforms and 
perceived the target segments. The target segments present in the speech 
were judged and labeled as four pronunciation categories such as 
palatalized (assimilated), canonical (underlying), deleted, and wrong. 
Deletion variants and wrong forms can be grouped into ‘mispronounced 
variants’, but we divided these into two to describe the variation in more 
detail. The other phonetician measured the approximate central noise 
energy to check if the segments were palatalized. The segment with overall 
noise frequency extending below 3,600 Hz down to 2,500 Hz was 
transcribed as palatalized [S, Z, tS, dZ] as described in Ladefoged (2006: 
194). The labeler judged a segment to be deleted when she could not hear 
that sound while playing in the PRAAT. Moreover, the segment was 
perceived to be canonical when the underlying alveolars (/t, d, s, z/) were 
still present and unassimilated. Finally, the segment was judged to be 
wrong or mispronounced when the targets were pronounced as different 
segments from the underlying alveolars or palatalized sounds. The 
percentages of each of the four production patterns were calculated for 
each of the forty participants to fit for repeated-measures ANOVA. Figure 
1 illustrates sample spectrograms of each production pattern. 
 

a. Canonical variant    b. Palatalization form 

T ime (s)

0 0.520006
? .4495

0.3581

0

 Time (s)
0 0.379549

? .3566

0.2196

0

 
“I rea[d] your book”   “I mee[tSu], too” 

 

c. Deletion variant    d. Wrong form 

Time (s)
0 0.489829

? .6373

0.4753

0

  Time (s)
0 0.489829

? .6373

0.4753

0

Time (s)
0 0.524345

? .612

0.4091

0

 
“He adore(s) you, too”  “He pull[s] you, too” 

Figure 1. Waveforms of production samples 

 

Since the average percentage of each production pattern was examined 
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within subjects, and the number of labeled types was repeatedly calculated, 
they were subjected to a one-way repeated-measures ANOVA. 
Furthermore, in order to see the interaction of lexical frequency factor or 
each of the phonological environment factor and production type, 2 way 
repeated-measures ANOVA was performed by PASW (SPSS) Statistics 18. 
The results of analyses are described as significant if p<.05, highly 
significant if p<.01, and approaching marginal significance if .05<p<.10 on 
the basis of significance level α=5%. 
 

2.4 Results 
 

2.4.1 Lexical frequency and palatalization 
 
Table 3 shows the average rate of each of four pronunciation variants 
(canonical, palatalization, deletion, wrong). Regardless of lexical 
frequency, the most frequent variant was the canonical form, i.e., non-
assimilated one, occurring 63.9% of all the tokens. Realization of 
palatalization was also quite common, amounting to 21.4 %. However, 
deletions and wrong pronunciations were not common (respectively 9.3% 
and 8.1%). Productions of nonce words were removed from calculations to 
see the frequency effect since their frequencies are substantially close to 
zero. 

Such a finding that the percentages of tokens differ across variants 
indicates that word-final alveolars are not necessarily palatalized across 
word boundaries as consistent with the earlier findings observed for native 
speakers of English (Cooper and Paccia-Cooper 1980, Bush 2001). A 
relatively higher percentage of the non-assimilated variants also suggest 
that the application of phonological rules like palatalization is not 
obligatory but its likelihood may be affected by a multitude of factors.  

The average rates of each variant were submitted to a two-way (2×4) 
repeated-measures ANOVA with frequency (low vs. high) and production 
type as within-subject factors. Analysis exhibited that there were no main 
effect of word frequency (F(1,31)=1.07, p>0.05), and no interaction of 
frequency and variant type (F(3,93)=2.02, p>0.05). There was, however, a 
significant main effect of production type (F(3,93)=88, p<0.001).  

Next, in order to see if four production patterns are different by 
frequency condition, chi-square test was performed. Analysis showed that 
the overall variant patterns were significantly different by frequency 
(X2(df3)=83.1, p<0.001). This result might be due to the striking difference 
in the rates of palatalization tokens depending on frequency. 
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Table 3. Frequency effects on palatalization and other variation patterns 

 

Freq. Production types (%) 

Canonical Palatal. Deletion Wrong 

LF (1~50) 63.6 19.1 9.4 8.8 

HF (>50) 64.2 23.8 9.2 7.4 

Average 63.9 21.4 9.3 8.1 

 F(1,39)=.22 

p>0.05 

F(1,35)=18.3 

P=.000** 

F(1,37)=0.0, 

p>0.05 

F(1,35)=0.54 

p>0.05 

 
As shown in Table 3, a one-way ANOVA with the within-subjects factor 

Frequency was performed. Out of four variant types, frequency reached 
significance only within palatalization variant condition. That is, 
palatalization occurred more frequently in high-frequency words than in 
low-frequency words (23.8% vs. 19.1%). This definitely provides 
additional evidence for frequency-sensitive production for L2 speakers as 
consistent with previous findings for L1 speakers (Cooper and Paccia-
Cooper 1980, Bush 2001). 

In summary, the results indicate that Korean L2 speakers are sensitive to 
word frequency, giving rise to emergence of different variant patterns in 
palatalization environments. Furthermore, it can be interpreted to suggest 
that the likelihood of palatalization depends on word-frequency even for 
L2 speakers like L1 speakers. This finding contributes to L2 production 
study in that our results provide additional support for the notion that 
frequency information may be encoded in the word representation for L2 
speakers’ mental lexicon. 
 

2.4.2 Word-final consonant type and palatalization 
 
As aforementioned, since there have been rare studies on the effect of 
underlying word-final alveolars on the pronunciation variant patterns in the  
palatalizable context, the current study contributes to revealing such a 
feature for L2 speakers’ production. 

Table 4 clearly shows the mean rates of each possible variant realization 
(canonical, palatalization, deletion, and wrong form) by the underlying 
word-final alveolars (/t, d, s, z/). First, production patterns significantly 
varied by underlying word-final alveolars (X2(df9)=1103, p<0.001). 
Moreover, canonical variants were found most regardless of word-final 
segments (77.4%), and then palatalization was frequent (14.7%), while 
deletion and wrong pronunciation were comparatively rare (respectively 
5.8% and 1.9%). Finally, palatalization was realized most for the 
underlyingly /s/-final words (17.9%), then for /t/-final words (17.1%), and 
then for /d/- or /z/-final words (13% or 10.7%). Post-hoc pairwise 
comparison analysis (LSD) exhibited that there were significant 
differences between /s/ and /t/ conditions (p<0.05), and between /t/ and /z/ 
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or /d/ conditions (p<0.05). However, the consonant effect did not reach 
significance between /z/ and /d/ conditions (p>0.05). These results indicate 
that word-final consonant type affected the degree of palatalization for 
Korean L2 speakers and palatalization were more frequent when the 
underlying segments were voiceless than voiced alveolars (e.g., kiss you 
>> meet you >> as you, send you). 
 

Table 4. Rates of each production variant by underlying word-final segments 

 

Underlying word-

final segments 

Production types (%) 

Canonical Palatal. Deletion Wrong 

/t/ 77.8 17.1 3.1 1.8 

/d/ 72.6 13 10.9 2.8 

/s/ 77 17.9 3.4 1.5 

/z/ 82 10.7 5.7 1.3 

 F(3,39)=16.3

P<0.001** 

F(3,81)=7.73 

P=.000** 

F(1,36)=5.67, 

P=0.003** 

F(3,39)=1.16 

p>0.05 

 
Such rather an unexpected trend might be attributable to preference for less 
marked voiceless /S, tS/ to more marked voiced palatoalveolars /Z, dZ/, 
which will be discussed later. As demonstrated in the Table 4 above, in 
addition to palatalization variants, the occurrences of canonical and 
deletion variants were also affected by word-final segments in palatalizable 
contexts. 

A two-way (word-final consonant type × production) repeated-measures 
ANOVA was run. Analyses exhibited no significant main effect of word-
final consonant type (F(3,21)=0.08, p>0.05) but production type 
approached significance (F(3,21)=54.9, p=0.000). However, there was no 
interaction as illustrated in Figure 2 (F(9,63)=1.6, p>0.05).  
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Figure 2. Mean rates of four variants by the underlying word-final segments (/t, d, s, z/). 

Dotted bars for /t/; dashed bars for /d/; checkered bars for /s/; parallel bars for /z/ (* 

represents a significant difference: p<0.05). 

 
Of interest here is the indication that word-final targets as well as lexical 
frequency can be taken into consideration when Korean L2 speakers 
recognize English words in a palatalizable environment. Moreover, higher 
rates of canonical variants indicate that Korean L2 speakers do not 
palatalize overall. Furthermore, it was found that their overall production 
patterns as well as the likelihood of palatalization were influenced by 
word-final segments. 
 

2.4.3 Number of syllables and palatalization 
 
Another interesting factor explored in the present study is the number of 
syllables of target words on the production patterns and especially, the 
likelihood of palatalization. Table 5 shows the mean rates of each possible 
pronunciation variant by the number of syllables of the target words. First, 
as demonstrated by chi-square test, the production patterns significantly 
differed by the number of syllables (X2(df9)=1103, p<0.001). Second, the 
occurrences of each variant as well were determined by the number of 
syllables. The occurrences of canonical variants were affected by the 
number of syllables, showing that trisyllabic words were less likely to 
undergo palatalization but tended to preserve the underlying form the most 
(83.3%), then disyllabic words (76.7%), and then monosyllabic words the 
least (72.7%). Furthermore, palatalization variants were found most for 
monosyllabic words (e.g., beat, meet, etc. 20%), then for disyllabic words 
(12%), and then for trisyllabic words (7.1%). The effect of the number of 
syllables on the likelihood of palatalization approached marginal 

*

*

*
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significance (F(2,44)=2.9, p=0.06). Post-hoc pairwise comparisons (LSD) 
showed that there were significant differences between monosyllabic and 
di- or tri-syllabic words (p<0.05), while there was no significant difference 
between di- and tri-syllabic words (p>0.05). These results suggest that the 
less syllables words have, the more likely they are to palatalize for Korean 
L2 speakers. 
 
Table 5. Rates of each production variant by number of syllables of the target words 

 

No. of syllables Production types (%) 

Canonical Palatal. Deletion Wrong 

Mono- (e.g., beat) 72.7 20 5.7 2.1 

Di- (e.g., input) 76.7 12 7.1 4 

Tri- (e.g., interrupt) 83.3 7.1 4.7 2.3 

 F(2,74)=8.41

P=0.001** 

F(2,44)=2.9

P=0.06 

F(2,42)=4.26, 

P=0.02* 

F(2,38)=3.0 

P=0.05 

 
Finally, in order to see the effect of the number of syllables on the rates 

of pronunciation variants by production type, a two way repeated-measures 
ANOVA was performed. Analyses revealed that there were a highly 
significant main effect of production type (F(3,39)=98, p<0.001), and their 
interaction reached significance (F(6,78)=4.13, p=0.001). Their interaction 
is due to the observation that the occurrences of canonical variants and 
deletion forms differed by number of syllables. However, there was no 
significant main effect of the number of syllables (F(2,26)=1.07, p>0.05). 
These results also corroborate the fact that Korean speakers’ production 
patterns differed by the number of syllables of the target words in 
palatalizable contexts. 
 

2.4.4 Number of word-final consonants and palatalization 
 
To see the number of word-final consonants on the production patterns and 
the degree of occurrences of palatalization, rates of each possible variant 
were measured. Results showed that although production patterns 
significantly differed by the number of codas of the target word finals 
syllables (X2(df6)=522, p<0.001), the likelihood of palatalization did not 
differ by the number of final codas as illustrated in Table 6. However, the 
occurrences of canonical variants were determined by the number of final 
codas. Specifically, the underlying word-final alveolars remained constant 
as part of single or double codas more frequently than as part of triple 
codas (71.2% vs. 69.3% vs. 58.1%). Furthermore, the number of final 
codas also influenced the different rates of wrong pronunciation variants. 
This finding indicates that the overall production patterns are affected by 
the number of final codas, but not the degree of palatalization for Korean 
L2 speakers. 
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Table 6. Rates of each production variant by number of coda consonants of the target 

words 

 

No. of consonants Production types (%) 

Canonical Palatal. Deletion Wrong 

Singleton (e.g., hit) 71.2 17.3 4.5 1.7 

Double (e.g., act) 69.3 16.5 9.2 4.5 

Triple (e.g., involves) 58.1 24 10 9.2 

 F(2,78)=9.71

P=0.000** 

F(2,56)=.92

P>0.05 

F(2,36)=2.56

P=0.09 

F(2,54)=21.1 

P=0.000** 

 
The results of a two-way repeated-measures ANOVA showed that there 
was a significant main effect of production type (F(3,51)=73.11, p<0.001, 
but no main effect of number of final codas (F(2,34)=1.55, p>0.05). 
Interaction, however, reached significance, confirming the chi-square test 
result and showing that the number of codas affects the overall variant 
patterns (F(6,102)=4.42, p=0.001). This interaction effect is attributable to 
the fining that the occurrences of canonical variants and wrong 
pronunciation forms were different by the number of codas. That is, 
canonical variant was most favored for singleton codas, and wrong 
pronunciation was elicited mostly for triple codas. 
 

2.4.5 Effect of wordhood on palatalization 
 

Another interesting potential factor was investigated, i.e., wordhood to see 
if it influences the production patterns in palatalizable contexts as well as 
the likelihood of palatalization. As illustrated in Figure 3, canonical 
variants were favored for real words (e.g., rea[d] you) than for nonce 
words (e.g., nood you, 48.1% vs. 28%, F(1,37)=36, p<0.001). However, of 
interest was that palatalization variants were found more frequently for 
nonce words than for real words (41% vs. 33.8%, F(1,21)=7.9, p=0.1). 
This might be attributable to the fact that the number of tokens of nonce 
words was substantially smaller than that of real words (10 tokens vs. 192 
tokens). Additionally, deletion variants were more common for nonce 
words than for real words (21% vs. 7.4%, F(1,20)=30.23, p<0.001). A 2-
way (wordhood × production type, 2 x 3) repeated-measures ANOVA 
revealed that there was no main effect of wordhood (F(1,9)=0.01, p>0.05), 
but a significant main effect of production type (F(2,18)=7.39, p=0.005). 
Interaction reached significance as demonstrated in Figure 3 (F(2,18)=6.26, 
p=0.009). 
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Figure 3. Mean rates of four variants by wordhood. Dotted bars for nonce words; 

dashed bars for real words. (* represents a significant difference: p<0.05). 
 
Since real words end with four types of alveolars (/t, d, s, z/), while 

nonce words end with only /t, d/, both real words and nonce velars ending 
only with final /t, d/ were compared and analyzed to examine the potential 
effect of wordhood on the degree of palatalization. Table 7 shows the rates 
of the occurrences of palatalization for real and nonce words with final /t/ 
and /d/. Palatalization occurred more frequently in nonce words than in real 
words whether the final alveolars were /t/ or /d/.  

 

Table 7. Rates of palatalization variants by word-final segments and wordhood 

 

Wordhood Word-final target (%) 

/t/ /d/. 

Real words (e.g., hit) 32 28 

Nonce words (e.g., pwet) 42 100 

 F(1,23)=796,p=0.01* F(1,23)=3379, p<0.001** 

 
A 2-way ANOVA with final segment (/t/ vs. /d/) and wordhood as within-
subjects factors revealed that there were a main effect of wordhood 
(F(1,23)=350, p<0.001), a main effect of final segment (F(1,23)=165, 
p<0.001), and their interaction approached significance (F(1,23)=278, 
p<0.001). These results indicate that wordhood affected the likelihood of 
palatalization for Korean L2 speakers. 
 

2.4.6 Effect of preceding vowels on palatalization 
 
Since few studies attempted to uncover the effect of vowels preceding the 

*

*

*



312  Gwanhi Yun 

final alveolars on the applicability of palatalization, we explored the 
possibility that the quality of preceding vowels can influence the 
occurrences of palatalization. As illustrated in Figure 4(a), there was a 
main effect of twelve vowel types (F(12, 373)=1.8, p=0.04). This result 
suggests that the likelihood of palatalization was affected by the quality of 
preceding vowels. To see what type of vowel quality is involved, we 
examined the effect of vowel backness, vowel height, and vowel tenseness. 
As shown in Figure 4(b), a one-way repeated-measures ANOVA exhibited 
that only vowel backness exerted a significant influence on the realization 
of palatalization (F(1,39)=11.3, p=0.002). Specifically, palatalization 
variants were favored more greatly when the preceding vowels were front 
than when they were back (29% vs. 23%). 
 

    
  (a)    (b) 
Figure 4. Mean rates of palatalization variants by vowels. Dotted bars for front vowel 

condition; dashed bars for back vowels (* represents a significant difference: p<0.05). 
 
However, the likelihood of palatalization did not differ either by vowel 
height (high, mid, low, F(2,308)=0.54, p>0.05) or by vowel tenseness 
(F(1,385)=1.5, p>0.05). In sum, our phonetic analysis demonstrates that 
palatalization variant realization varied by the backness of vowels 
preceding final alveolars for Korean L2 speakers. This result is revealing in 
that preceding vowels might contribute to some extent to the realization of 
palatalization, facilitating the assimilation of word final alveolar targets. 
This will be discussed more in the next section. 
 

3. Discussion 
 

3.1 What types of variation forms emerge for Korean L2 speakers’ 
palatalization in English? 

 
Our production experiment showed that word-final alveolars were realized 
primarily in four types in palatalizable context: canonical variants, 
palatalization, deletion, and wrong pronunciation. Canonical realization 
was found most (63.9%) and palatalization occurred second most 

*
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frequently (21.4%). On the other hand, deletion and wrong pronunciation 
were comparatively rare, respectively 9.3% and 8.1%. This variation 
pattern differed by word frequency, word-final alveolar types, number of 
syllables of the target words, number of word-final codas, and wordhood. 
The highest rate of the canonical variants could lead us to speculate that 
since Korean does not have word-boundary palatalization like English, but 
allows only morpheme boundary counterpart, Korean L2 learners might 
have failed to palatalize word-final alveolars across word boundaries. 
Alternatively, they could not have been exposed to palatalized exemplars 
uttered by native speakers of English. Comparatively lower rates of 
occurrence of the deletion variants might be due to the fact that since target 
words with final double or triple codas constituted more than half of the 
entire stimuli used in the present study (101 out of 192 tokens), Korean 
speakers might have had trouble producing complex codas and adopted a 
deletion strategy due to an influence of (or to adapt to) their L1 Korean 
syllable structure, i.e., CVC. Or a large portion of the final /d/, /s/, or /z/ 
represents past tense marker, their person singular or plural markers, and 
thus speakers might have suffered from processing additional morpheme 
and attention load, giving rise to deletion or wrong pronunciation forms. 
These results indicate that like native speakers of English, L2 speakers’ 
production as well reflect a range of pronunciation variation. 

Another implication is that such wide phonological variation requires 
even L2 listeners to take into consideration many variables such as lexical 
frequency, morphological environments, and phonological environments in 
order to successfully recover speakers’ intended words (Dilley and Pitt 
2007, Gaskell and Marslen-Wilson 1998). Furthermore, our results provide 
additional interesting implications about Korean L2 speakers’ production 
of optional English word-boundary palatalization. 

First, Korean L2 speakers’ production variability in palatalization could 
be interpreted to mean that they might have been exposed to variation used 
in spoken corpus data during formal education or informal spontaneous 
conversation. This explanation is evidenced by lexical frequency, which 
seems to be responsible for the different likelihood of palatalization. As 
previously reported, the percentages of the occurrences of canonical 
variants, deletion forms, and wrong pronunciation did not differ according 
to word frequency. However, interestingly, higher frequency words tended 
to exhibit the higher likelihood of palatalization than lower frequency 
words (23.8% vs. 19.1%) as is consistent with previous results found for 
native speakers of English (Cooper and Paccia-Cooper 1980, Bush 2001). 
We could offer many possible explanations for such a word frequency 
effect for L2 speakers. For one thing, word frequency information might 
have been encoded in word representation in Korean L2 speakers’ mental 
lexicon, depending on the amount of exposure to English or the different 
proficiency of English as is suggested by Jescheniak and Levelt (1994) and 
Miozzo and Caramazza (2003). Coupled with the association of frequency 
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with words, frequency-sensitive constraints might have worked, giving rise 
to the different likelihood of palatalization. It is not a novel idea that 
frequency-sensitive constraints handle frequency-conditioned phonological 
variation (Hammond 2004, Coetzee 2008, Hong 2009). 5  Following 
Hammond’s (2004) proposal, we employ a frequency-sensitive markedness 
constraint Pal (HF) and a relevant ranking as seen in (1) and (2). An 
optimality-theoretic way can provide a formal account for frequency 
effects on phonological variation by incorporating frequency-sensitive 
constraints and allowing them to interact with phonological constraints. 
 
(1) a. PAL(HF)  Palatalize the final alveolars after a palatal glide 

in high-frequency words. 
b. PAL  Palatalize the word-final alveolars after a palatal

   glide. 
      c. IDENT(ant, strid) The feature values of [anterior] and [strident] in 

the input must be identical to those in the output. 
 
(2) PAL (HF) >> IDENT (ant, strid) >> Pal 
 
Let us examine the variability of palatalization according to word 
frequency with examples of “meet you” and “admit you”. As illustrated in 
tableaux (3), the two-word sequences containing higher frequency words 
like “meet” undergo palatalization because the frequency sensitive 
markedness constraint PAL(HF) triggers it at the expense of violating 
IDENT(ant, strid). On the other hand, in cases like the string containing 
low-frequency words like “admit”, PAL(HF) is vacuously satisfied and the 
word-final alveolar is not palatalized, remaining identical to the underlying 
segment. 
 
(3) Asymmetry in the applicability of palatalization  

/meet you/HF PAL(HF) IDENT(ant, strid) PAL

a. mit ju *! *

�  b. mitS´ **

 

/admit you/ PAL(HF) IDENT(ant, strid) PAL

� a. ´dmIt ju *

b. ´dmItS´ *!*

 

                                                 

5 Hong (2009) accounts for frequency-conditioned optional flapping in American English by 
using frequency-associated identity constraints, following the same vein of Coetzee (2008), 
whereas Hammond (2004) resorts to high-frequency specified markedness constraints 
rather than frequency specified faithfulness constraints. See Hammond (2004) for the issue, 
i.e., whether it is appropriate to use frequency-associated markedness or faithfulness 
constraints. In the current study, we refer to frequency-sensitive markedness constraints 
rather than identity constraints, following Hammond’s (2004) rationale. 
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The present study makes contribution to L2 production research in 
confirming that word frequency is an important parameter of organization 
of L2 speakers’ as well as L1 speakers’ mental lexicon and that it affects or 
interact with the likelihood of phonological rules. 

Second, another possible explanation comes from an exemplar-based 
model. It was suggested that as two–word string phrases are used more 
frequently, they are likely to become more formulaic like monomorphemic 
words (Booij 1995, Ernestus 2000). Given that, higher frequency phrases 
have weaker word boundaries and so lead to more likelihood of 
palatalization than lower frequency strings with stronger word boundaries. 
This account, of course, assumes that palatalizaation basically is more like 
a word-internal process as proposed by Bush (2001). As is well-known, 
Korean palatalization occurs primarily across morpheme boundary within 
derived or complex words. For this reason, transferring their knowledge of 
L1 palatalization, Korean L2 speakers might have interpreted two-word 
sequences as a formulaic expression with a weaker word boundary and 
then processed L2 palatalization on the basis of a larger number of 
exemplars stored in their mental lexicon. In the similar vein, a more 
phonetically grounded account can be given. That is, as suggested by 
Bybee and Hopper (2001), as Korean speakers hear and utter higher 
frequency words or phrases more and more, these exemplars are highly 
likely to be produced with less articulatory efforts due to repetition and 
easier motor control than lower frequency exemplars. Such less 
articulatory efforts in production are usually accompanied by more gestural 
overlap between alveolars and a palatal glide, elevating the likelihood of 
coalescence or fusion like palatalization. 
 
3.2 Do phonological environments affect Korean speakers’ production of 

palatalization in English? 
 

One of the important contributions made in the present study is that we 
revealed numerous effects of phonological environments on the likelihood 
of palatalization, which seems not to have been reported for native 
speakers of English. First, as mentioned earlier, word-final alveolar type 
affected the likelihood of palatalization. It was shown that palatalized 
variants were found most for final /s/ words (17.9%), then for final /t/ 
words (17.1%), and then final /z/ and /d/ words. That is, words with final 
voiced alveolars (/d, z/) showed a lower percentage of palatalization tokens 
(respectively, 13% and 10%). Additionally, voiced word-final /d, z/ were 
deleted more readily than voiceless ones (8.3% vs. 3.2%). A potential 
reason for lower rates of palatalization and higher rates of deletion for 
word-final segments /d, z/ might lie in that speakers have relatively more 
difficulty of preserving voiced palatoalveolars (/Z, dZ/) due to the higher 
supralaryngeal oral pressure to maintain voicing than their voiceless 
counterparts (/S, tS/). Thus, it seems that phonetically or phonologically 
marked resulting sounds tend to be avoided or deleted in the palatalizable 
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contexts. 
Next, we found that the number of syllables of target words also affected 

the applicability of palatalization. Specifically, word-final alveolars were 
realized as palatalized in monosyllable words more frequently than in di- 
or tri-syllable words (20% vs. 12% vs. 7.1%). It might be the case that 
number of syllables is related to frequency of words used in the present 
study. In fact, monosyllable words constitute 85% of high-frequency words 
(85 out of 96 tokens), and disyllabic words make up the rest of 15%. On 
the other hand, di- or tri-syllabic words constitute 36% of the low 
frequency tokens. Since a larger portion of monosyllabic words correspond 
to high-frequency stimuli in the current study, palatalizaltion seems to have 
been found more for shorter words than for longer words. 

Another interesting factor we found was vowel quality on palatalization. 
The preponderance of palatalization for a sequence of front vowels and an 
alveolar over for words with back vowels is intriguing (29% vs. 23%). It 
seems that front vowels before an alveolar might have facilitated 
palatalization more greatly than back vowels. That is, front vowels 
preceding an alveolar appear to be another trigger for palatalization along 
with the real trigger, i.e., a palatal glide since front vowels share a palatal 
region in the oral cavity as place of articulation with a palatal glide [j]. 
Note that there are many languages with palatalization whereby alveolars 
become palatalize after front vowels and [j] rather than before the same 
trigger segments (Baztan et al. from Basque dialects, Hualde 1991). 

Finally, we found that the number of word-final codas did not influence 
the degree of palatalization. That is, the likelihood of palatalization did not 
significantly differ regardless of whether the word-final alveolar belongs to 
singleton, double, or triple codas. However, canonical realizations were 
predominant for singleton codas over for double or triple codas 
(respectively, 71% vs. 69% vs. 58%). Considering the rates of other types 
of variants, word-final alveolars were realized as deletion and wrong 
pronunciation variants when they were part of double or triple codas than 
singleton codas as seen in Table 6 in previous section. This leads us to 
speculate that it might have been easier to retain the underlying alveolars 
for singleton codas and to palatalize, or delete the final alveolars which are 
part of complex codas probably to avoid marked coda patterns. 

In summary, our study makes a significant contribution to L2 speakers’ 
production research in that it has revealed and draws a comprehensive 
picture on the lexical factor and phonological effects on their production of 
a phonological rule like palatalization. 
 

4. Conclusion 
 
The current research shows that L2 speakers as well as L1 speakers exhibit 
variation in producing categorical phonological rules in target languages: 
canonical variants, palatalization, deletion and wrong pronunciation. 
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Furthermore, it confirms that palatalization is one of several types of 
variants which occur in assimilable contexts. Moreover, our study indicates 
that word frequency plays a crucial role in the likelihood of palatalization 
for Korean L2 speakers as is consistent with L1 speakers. Finally, it shows 
that Korean L2 speakers’ realization of palatalization in English is affected 
by many phonological factors such as word-final alveolar type, number of 
syllables of target words, preceding vowel type, etc. 

However, more comprehensive data for native speakers of English is 
needed to compare with the results obtained in the current study. 
Additionally, ample data still needs to be collected for other L2 speakers 
with different L1 background in order to verify effects of word frequency 
and phonological environments and to establish universal factors which 
can be seen potentially in general L2 production. Furthermore, it is worth 
investigating whether lexical and phonological factors found in the current 
study shows variation in the weight of each factor depending on the L2 
speakers’ proficiency of target languages. 
 

APPENDIX  (Stimuli) 
Sample low-frequency words 

 

V t d z s 

i beat (45) leaned (23) sees (35) treats (4) 

I print (10) bid (8) pins (0) dismiss (8) 

E rent (7) pretend (12) fed (22) access (9) 

Q bat (13) hand (9) plans (20) attacks (3) 

u shoot (15) excused (3) excuse (14) shoots (2) 

U suit (20) exclude (23) proves (8) books (0) 

aU mount (60 bound (19) houses (4) mouse (10) 

o boast (3) posed (13) borrows (1) notes (9) 

ç exhaust (2) reward (3) draws (11) opts (1) 

A opt (7) reckoned (10) responds (4) pops (1) 

√ interrupt (5) nudged (0) lulls (0) adjusts (1) 

aI fight (40) modified (12) occupies (4) likes (21) 

 
Sample high-frequency words 

 

V t d z s 

i meet (141) need (356) needs (97) cheers(14470) 

I hit (88) did (1044) gives (104) miss(92) 

E get (2210) send (80) sells (76) access (100) 

Q act (59) stand (326) as (3006) pass (58) 

u fruit (52) moved (146) choose (68) news(145) 

U put (900) should (11120) lose (277) books (131) 
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o boat (74) told (372) knows (84) costs (120) 

A caught (86) nod (60) dogs (78) cross(70) 

ç support (97) caused (96)  thongs(17129) wants (89) 

√ cut (145) loved (150) becomes (77) discuss (56) 

aI site (155) replied (56) advise (54) nice (134) 

e wait (84) made (943) sales (104) cases (431) 

(token frequencies listed in Leech et al. (2001) based on BNC are given in parentheses). 

 
 

REFERENCES 

 
BELL, ALAN, DANIEL JURAFSKY, ERIC FLOSLER-LUSSIER, CYNTHIA 

GIRAND, MICHELLE GREGORY, and DANIEL GILDEA. 2003. Effects of 
disfluencies, predictability, and utterance position on word form 
variation in English conversation. Journal of the Acoustical Society of 
America 113, 1001-1024. 

BOERSMA, PAUL and DAVID WEENINK. 2009. Praat: Doing phonetics by 
compuer. http://www.praat.org. 

BOOIJ, GEERT. 1995. The Phonology of Dutch. Clarendon Press: Oxford. 
BUSH, NATHAN. 2001. Frequency effects and word-boundary palatalization 

in English. In Joan Bybee and Paul Hopper (eds.). Frequency and the 
Emergence of Linguistic Structure, 255-280. Benjamins Publishing 
Company. 

BYBEE, JOAN and PAUL HOPPER. 2001. Frequency and the Emergence of 
Linguistic Structure. Amsterdam: John Benjamins. 

CHOMSKY, NOAM and MORRIS HALLE. 1968. The Sound Pattern of 
English. New York: Harper and Row. 

COETZEE, ANDRIES. 2008. Phonological variation and lexical frequency. 
Available in at http://roa.rutgers.edu. 

COOPER, WILLIAM and JEANNE PACCIA-COOPER. 1980. Syntax and Speech. 
Harvard University Press: Cambridge, Mass. 

DALBY, JONATHAN M. 1986. Phonetic structure of fast speech in American 
English. Ph.D. dissertation, Indiana University, Bloomington, IN. 

DILLEY, LAURA C. and MARK A. PITT. 2007. A study of regressive place 
assimilation in spontaneous speech and its implications for spoken 
word recognition. Journal of the Acoustical Society of America 122.4, 
2340-2353. 

ERNESTUS, MIRJAM. 2000. Voice Assimilation and Segment Reduction in 
Casual Dutch: A Corpus-Based Study of the Phonology-Phonetics 
Interface. LOT: Utrecht. 

ERNESTUS, MIRJAM, MYBETH LAHEY, and FEMKE VERHEES. 2006. Lexical 
frequency and voice assimilation. Journal of the Acoustical Society of 
America 120.2, 1040-1051. 

GASKELL, M. GARETH and WILLIAM MARSLEN-WILSON. 1998. 
Mechanisms of phonological inference in speech perception. Journal 



Lexical and phonological effects on phonological variation in …  319 

of Experimental Psychology: Human Perception and Performance 22, 
144-158. 

GOLDRICK, MATTHEW and BRENDA RAPP. 2007. Lexical and post-lexical 
phonological representations in spoken production. Cognition 102, 
219-260. 

GUY, GREGORY R. 1980. Variation in the group and the individual: The 
case of final stop deletion. In William Labov (ed.). Locating Language 
in Time and Space. New York: Academic Press. 

HAMMOND, MICHAEL. 2004. Frequency, cyclicity, and optimality. Studies 
in Phonetics, Phonology and Morphology 10.3, 349-364. 

HONG, SUNG-HOON. 2009. Variation and frequency in word-medial /t/-
flapping in American English. Studies in Phonetics, Phonology and 
Morphology 15.2, 375-396. 

HUALDE, JOSE IGNACIO. 1991. Basque Phonology. London; New York; 
Routledge. 

IMAI, SATOMI, AMANDA WALLEY C., and JAMES FLEGE E. 2005. Lexical 
frequency and neighborhood density effects on the recognition of 
native and Spanish-accented words by native English and Spanish 
listeners. Journal of the Acoustical Society of America 117.2, 896-907. 

JESCHENIAK, JÖRG D. and LEVELT, WILLEM J. M. 1994. Word frequency 
effects in spoken production: Retrieval of syntactic information and 
phonological form. Journal of Experimental Psychology: Learning, 
Memory, and Cognition 20, 824-843. 

JOHNSON, KEITH. 2004. Massive reduction in conversational American 
English. Proceedings of the 1st Session of the 10th International 
Symposium (In Spontaneous Speech: Data and Analysis, The National 
International Institute for Japanese Language, Tokyo), 29-54. 

JURAFSKY, DANIEL, ALAN BELL, MICHELLE GREGORY, and WILLIAM 
RAYMOND. 2001. Probabilitistic relations between words: Evidence 
from reduction in lexical production. In Joan Bybee and Paul Hopper 
(eds.). Frequency and the Emergence of Linguistic Structure, 229-254. 
Benjamins Publishing Company. 

KUIPERS, CECILE and WILMA VAN DONSELAAR. 1998. The influence of 
rhythmic context on schwa epenthesis and schwa deletion in Dutch. 
Language and Speech 41, 87-108. 

LADEFOGED, PETER. 2006. A Course in Phonetics (Fifth Edition). 
Thomson Wadsworth. 

LEECH, GEOFFREY, PAUL RAYSON, and ANDREW WILSON. 2001. Word 
Frequencies in Written and Spoken English. Pearson Education. 

LUCE, PAUL A. and DAVID B. PISONI. 1998. Recognizing spoken words: 
The neighborhood activation model. Ear and Hearing 19, 1-36. 

MITTERER, HOLGER and MIRJAM ERNESTUS. 2006. Listeners recover /t/s 
that speakers reduce. Evidence from /t/-lenition in Dutch. Journal of 
Phonetics 34, 73-103. 

MORRISETTE, MICHELE L. and JUDITH A. GIERUT. 2002. Lexical 



320  Gwanhi Yun 

organization and phonological change in treatment. Journal of Speech, 
Language, and Hearing Research 45, 143-159. 

MIOZZO, MICHELE and ALFONSO CARAMAZZA. 2003. When more is less: 
A counterintuitive effect of distractor frequency in the picture-word 
interference paradigm. Journal of Experimental Psychology: General 
132, 228-252. 

PATTERSON, DAVID and CYNTHIA M. CONNINE. 2001. A corpus analysis of 
variant frequency in American English flap production. Phonetica 58, 
254-275. 

PITT, MARK. 2009. How are pronunciation variants of spoken words 
recognized? A test of generalization to newly learned words. Journal 
of Memory and Language 61.1, 19-36. 

PLUYMAEKERS, MARK, MIRJAM ERNESTUS, and HARALD BAAYEN. 2005. 
Lexical frequency and acoustic reduction in spoken Dutch. Journal of 
the Acoustical Society of America 18, 2561-2569. 

RAYMOND, WILLIAM, ROBIN DAUTRICOURT, and ELIZABETH HUME. 2006. 
Word-medial /t,d/ deletion in spontaneous speech: Modeling the 
effects of extra-linguistic, lexical, and phonological factors. Language 
Variation and Change 18.1, 55-97. 

SHATZMAN, KEREN B. and NIELS O. SCHILLER. 2004. The word frequency 
effect in picture naming: Contrasting two hypothesis using homonym 
pictures. Brain and Language 90, 160-169. 

VITEVITCH, MICHAEL S. 2002. The influence of phonological similarity 
neighborhoods on speech production. Journal of Experimental 
Psychology: Learning, Memory and Cognition 28, 735-747. 

YUN, GWANHI. 2010. The effects of neighborhood density and word 
frequency on the production of English-learning Korean speakers. 
Studies in Phonetics, Phonology and Morphology 16.2, 217-248. 

 
 
Gwanhi Yun 
Department of English Language and Literature 
Daegu University 
201 Daegudaero, Jillyang, Gyeongsan, Gyeongbuk 
Korea 712-714 
e-mail: ghyun@daegu.ac.kr 
 
 
received: July 15, 2012 
revised: August 10, 2012 
accepted: August 17, 2012 



<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


