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Previous masked phonological priming studies with bilinguals whose languages are
written in the same script (e.g., Dutch-French bilinguals) strongly suggest that
phonological representations for the two languages are integrated, based on the fact
that phonological activation created by reading a word in one language facilitates word
identification in the other language. The present research examined whether the same is
true for different-script bilinguals (Japanese-English bilinguals). In this study, partici-
pants made lexical decisions to English targets (e.g., GUIDE) that were primed by three
types of masked Japanese primes: cognate translation equivalents (e.g., 77 1 R, /gaido/,
guide), phonologically similar but conceptually unrelated words (e.g., 1 K, /saido/,
side), and phonologically and conceptually unrelated words (e.g., = — L, /koRru/, call).
There were significant priming effects for cognate translation primes (94 ms) and
phonologically similar primes (30 ms). Whereas the cognate translation priming effect
was modulated by target frequency and L2 proficiency, the phonological priming effect
was not. Our results suggest that phonological representations for different languages are
integrated even if the languages in question use different scripts. The role of phonological
activation in bilingual word recognition is discussed.

Keywords: Bilingual visual word recognition; Masked phonological priming; Masked
translation priming; Lexical decision.

The question of how bilinguals process and represent multiple languages has been of
interest to language researchers for many decades (e.g., Kroll & Curley, 1988; Kroll &
Stewart, 1994; Potter, So, Von Eckardt, & Feldman, 1984; Weinreich, 1953).
Traditionally, bilinguals were assumed to have two completely separate lexicons,
with the words in the two lexicons linked to one another through direct associations
between translation equivalents or through shared conceptual representations.

Correspondence should be addressed to Mariko Nakayama, Faculty of Letters, Arts and Sciences, Waseda
University, 1-24-1 Toyama, Shinjuku-ku, Tokyo 162-8644, Japan. E-mail: mnakayama@toki.waseda.jp

This research was supported by a grant from the Japan Society for the Promotion of Science (JSPS) to
Mariko Nakayama.

© 2012 Psychology Press, an imprint of the Taylor & Francis Group, an Informa business
http://www.psypress.com/lcp http://dx.doi.org/10.1080/01690965.2011.606669


http://www.psypress.com/lcp

1564 NAKAYAMA ET AL.

(Weinreich, 1953). This assumption of separate lexicons generally led to a language-
selective view of bilingual lexical memory that was incorporated into a number of
models, including the word association model (e.g., Kroll & Curley, 1988), the concept
mediation model (e.g., Kroll & Curley, 1988; Potter et al., 1984), and the revised
hierarchical model (e.g., Kroll & Stewart, 1994). One implication of a language-
selective view is that reading a word in one language activates orthographic and
phonological representations of that language but does not typically activate
orthographic and/or phonological representations of the other language.

In contrast, recent models of bilingual lexical memory have begun to incorporate
an alternative, nonselective view of the bilingual lexicon in order to accommodate
the growing empirical evidence that lexical activation is not strictly limited to
representations specific to the language being read (see Dijkstra, 2005, for recent
review). In the distributed lexical/conceptual feature model (Kroll & De Groot,
1997), for example, lexical features and conceptual features are stored in a
distributed fashion and shared between languages, with these representations
mediated by language-specific lemmas containing syntactic information of each
language. A localist-connectionist model of bilingual word recognition, the Bilingual
Interactive Activation Model+ (BIA +) model (Dijkstra & Van Heuven, 2002), also
assumes that orthographic, phonological, and semantic representations are activated
language nonselectively. The BIA+ model further assumes that lexical representa-
tions are stored in a unified lexicon and that the lexical activation of a word in one
language can be affected by lexical competition among words from both languages.
According to these language nonselective views of bilingual lexical representation,
when a word is read in either language, orthographic, phonological, and conceptual
representations are activated for both languages, which affects the processing leading
to the identification of the word.

One line of evidence supporting the idea that bilingual word recognition is language
nonselective comes from research using the cross-language masked phonological
priming paradigm (e.g., Brysbaert, Van Dyck, & Van de Poel, 1999; Duyck,
Diependaele, Drieghe, & Brysbaert, 2004; see Brysbaert, 2003, for a review). For
example, in Brysbaert et al.’s (1999) Experiment 1, a French target (e.g., oui) was
primed by a phonologically similar Dutch word (an inter-lingual homophone: e.g.,
wie) or by a phonologically unrelated Dutch word (an orthographic control: e.g., jij).
For Dutch-French bilinguals, perceptual identification performance was superior
when targets were primed by inter-lingual homophones (30%) than when they were
primed by orthographic controls (23%). Very similar results were reported by Duyck
et al. (2004) using the same paradigm with two groups of Dutch-French bilinguals:
highly proficient (simultaneous) bilinguals and less proficient (late) bilinguals. In
addition, Duyck et al. also found that the phonological priming effects were
statistically equivalent for the two groups of bilinguals (7.4% and 6.9%, respectively)
despite their differing levels of L2 proficiency. The existence of a cross-language
masked homophone priming effect implies that (1) phonological activation occurs
automatically, and (2) phonological representations in the two languages are
integrated, allowing phonological activation in the first language to facilitate word
identification in the second language, much like the way that phonologically similar
primes facilitate responses to targets in monolingual masked priming experiments
(e.g., Ferrand & Grainger, 1993, 1994; Perfetti, Bell, & Delaney, 1988; Pollatsek, Perea,
& Carreiras, 2005).
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PRIMING EFFECTS FOR BILINGUALS WITH SAME- AND DIFFERENT-
SCRIPT LANGUAGES

The language nonselective view of bilingual lexical memory, including the assumption
that phonological representations are integrated for the two languages, is supported by
Duyck et al.’s (2004) results as well as the results from many other studies with
bilinguals whose languages have a common script (e.g., Brysbaert et al., 1999; De
Groot & Nas, 1991; Dijkstra, Grainger, & Van Heuven, 1999; Duiiabeitia, Perea, &
Carreiras, 2010; Lemhofer & Dijkstra, 2004). However, it remains unclear whether this
conclusion can be extended to situations in which the bilingual’s languages do not
share a script.

If two scripts do not share orthography, a logical assumption would be that
different-script bilinguals must possess functionally separate structures for represent-
ing orthographic information in their two languages. The assumption of separate
lexicons is, of course, not identical to the assumption of language selectivity (i.e.,
bilinguals may have two separate lexicons that can be activated simultaneously, e.g.,
Kroll, Van Hell, Tokowicz, & Green, 2010). The point here, however, is that for
different-script bilinguals, orthographic representations must be stored in a language-
selective way because the orthographic features of one language do not overlap with
those of the second language. Although it seems reasonable to further assume that the
two languages would share conceptual representations, whether the two languages
share phonological representations or not would be an open question. This question is
the focus of the present research. In the present study, we examined whether the
phonological information used in reading is represented and, hence, activated,
language sclectively for different-script bilinguals. The expectation is that if
phonological representations are stored in separate, language-selective lexicons, linked
only to the orthographic representations for their specific language, one should not
observe cross-script phonological priming effects. In contrast, if those phonological
representations are stored in an integrated fashion, then phonological priming effects
should be observed.

Consider, for example, the situation for Japanese-English bilinguals. Japanese
words are written in Kana or Kanji scripts (e.g., “ 27" and “§%” for “cat’’) and are not
at all orthographically similar to their English translation equivalents because English
words are written in an alphabetic (Roman) script.! However, the two languages do
share phonemes, and the Japanese vocabulary does include a number of loan words
from English that are phonologically similar to their English translation equivalents
and to other English words. Although these translation equivalents rarely have exactly
the same pronunciation because the syllabic system in English is based on a
Consonant-Vowel-Consonant (CVC) structure, whereas the Japanese syllabic system
is based on a mora (CV) structure (Kureta, Fushimi, & Tatsumi, 2006), we will refer to
these word pairs as cognates because they are as similar in phonology as the structure
of the two languages will allow. For example, the word “mask” is pronounced as /
mask/ in English, and its Japanese translation (“< Z 7~) is pronounced as /masuku/,
with the extra vowels added to accommodate the Japanese moraic system. In the

'The Kana and Kanji scripts appear together regularly in normal text. Kanjis are orthographically deep
morphological characters; each character has a meaning (e.g., k translates as “fire”’). Kana scripts
(Katakana and Hiragana), in contrast, use orthographically shallow syllabic characters, which makes Kana
scripts somewhat similar to alphabetic scripts (e.g., 7+, where # is pronounced “ka’ and 7 is pronounced
“na”). Cognates (which are often loan words from English) are normally written in Katakana, whereas
noncognates are typically written in Kanji.
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present experiment, these types of words (i.e., cognate translation primes) and another
set of Japanese words that are phonologically similar but conceptually unrelated to
English words (i.e., phonological primes) were the stimuli used.

There are now a few experiments in the literature that provide some evidence for
integrated phonological representations for different-script bilinguals. For example,
Gollan, Forster and Frost (1997, Experiment 1) compared the size of masked
translation priming effects for cognates and noncognates with Hebrew-English
bilinguals using a lexical decision task. When an L1 prime was followed by an L2
target, Gollan et al. found that the cross-script masked translation priming effect was
larger for cognates (s6fFa/feelter/-FILTER vs. ##¥d/gargir/-FILTER) than for noncog-
nates (p#wrk/armon/-CASTLE vs. n#o/sigalit/- CASTLE). Gollan et al. proposed that
the larger priming effect observed for cognates was likely due to the overlapping
phonology available for cognate translation primes. If this proposal is correct, this
result would provide support for the language nonselective view of phonological
representations.

The proposal that overlapping phonological features are the locus of the cognate
advantage for different-script bilinguals has received empirical support from Voga and
Grainger (2007). In their masked priming experiments, the pattern of priming effects
for cognate and noncognate translation equivalents was examined with Greek-French
bilinguals. In these experiments, translation priming effects for cognates were
measured using two types of conceptually unrelated Greek primes: primes that were
phonologically unrelated to the target and primes that were phonologically similar to
the target. Voga and Grainger predicted that if the cognate advantage was indeed due
to shared phonology, then this advantage would be eliminated when phonologically
similar primes were used as controls. Their results were consistent with this prediction.
When priming effects were measured against phonologically unrelated primes,
cognates produced a significantly larger priming effect than noncognates, replicating
the pattern reported by Gollan et al. (1997). When priming effects were measured
against phonologically similar primes, however, cognates and noncognates produced
comparable priming effects. Voga and Grainger’s results supported the hypothesis that
the advantage for cognates in their experiment was specifically due to the impact of
phonology. The fact that lexical decision latencies were about 20 ms faster with
phonologically similar primes than with phonologically unrelated primes (Voga &
Grainger, 2007, Experiment 3) provided additional support for this conclusion,
although this phonological priming effect was not tested for statistical significance.

There are also a few studies that directly examined the effect of phonology between
L1 primes and L2 targets for different-script bilinguals. For Korean-English
bilinguals, Kim and Davis (2003, Experiment 2) found a significant cross-language
masked phonological priming effect with a 50 ms prime duration. That is, when a
homophonic Korean word primed an English target (e.g., & - PULL), naming
latencies for the target were significantly faster than when a phonologically unrelated
Korean word was the prime. A phonological priming effect for Korean-English
bilinguals was also reported in a naming task in a study by Lee, Kim and Katz (2004),
who used nonword homophonic primes and longer prime durations (140 and 250 ms
prime durations). These data support the idea that there are integrated phonological
representations for readers of English and Korean. However, given that both studies
used a naming task, it is possible that those representations were output-level
representations, representations that are not required in normal reading. Better
evidence, therefore, would come from a demonstration that the same homophone
primes facilitate responses in a lexical decision task, one that does not necessarily
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require the activation of phonological information. Kim and Davis did use a lexical
decision task in one of their experiments (Experiment 1); unfortunately, the results
were essentially equivocal with respect to this question, because although the Korean
homophone primes facilitated responses to the English targets by 18 ms in that task,
the effect was not statistically significant.

What may be the best evidence for a cross-script phonological priming effect comes
from an experiment reported by Dimitropoulou, Duiabeitia and Carreiras (2011).
Dimitropoulou et al. examined masked phonological priming effects for Greek-
Spanish bilinguals using a lexical decision task. In Experiment 1, Spanish targets were
primed by either phonologically similar Greek words or phonologically unrelated
Greek words. To the extent possible (given that the scripts are different), Dimitro-
poulou et al. manipulated the orthographic similarity between the Greek and Spanish
words in addition to their phonological similarity. For the orthographically similar
pairs, there was no masked phonological priming effect; response latencies to Spanish
targets (e.g., ocio, /'00io/) primed by phonologically similar Greek words (e.g., ép1o, /
‘orio/) were not statistically different from those primed by phonologically unrelated
Greek words (e.g., frjpa, /'vima/). In fact, there was a trend toward inhibition (an 8 ms
effect) for such orthographically and phonologically similar prime-target pairs.

Dimitropoulou et al. (2011) suggested that the lack of priming for these
orthographically similar pairs was due to lateral inhibition operating between
orthographic representations of the two languages even though they involved different
scripts. Hence, any facilitation due to phonological overlap was cancelled out by that
inhibition effect. This claim was supported by the observation of a significant
phonological priming effect for the orthographically dissimilar pairs: response
latencies to Spanish targets (e.g., fibra, /’fifra/) were significantly faster when
phonologically similar Greek words were used as primes (e.g., evtpo, /'fitro/) than
when phonologically unrelated Greek words were used as primes (e.g., Tpayi, /tra’yi/).

The significant masked phonological priming effect reported by Dimitropoulou
et al. (2011) for orthographically dissimilar pairs suggest that for different-script
bilinguals, the representation of phonology is integrated, such that phonological
activation in one language influences phonological activation in the other language.
What needs to be noted, however, is that Greek, like French and Spanish, is an
alphabetic language, and there is a strong similarity between Greek and Spanish
scripts (unlike the scripts for English and Hebrew, English and Korean, or English
and Japanese). Thus, the orthographic representations of Greek-Spanish bilinguals (or
Greek-French bilinguals) may be reasonably well integrated, a possibility underscored
by the fact that Dimitropoulou et al.’s priming effect varied as a function of the
“orthographic similarity” of the words in the two languages. Therefore, it is unclear
whether Dimitropoulou et al.’s or Voga and Grainger’s (2007) results and conclusions
can be generalised to bilinguals whose languages involve scripts that are truly
orthographically different. The present research addresses this question and considers
the implications for models of bilingual lexical representation.

THE PRESENT RESEARCH

In the present experiment, the participants were Japanese-English bilinguals. The
experiment was motivated by two questions that previous studies have identified.
First, we sought to determine the extent to which phonological similarity facilitates
lexical decision responses to targets in a cross-language masked priming paradigm



1568 NAKAYAMA ET AL.

using different-script languages. To do so, we designed our experiment so that we
could measure a basic cross-script masked phonological priming effect and compare
this effect with the pattern of the cross-script cognate translation priming effect.
Second, we sought to determine the effect of processing fluency on phonological and
cognate translation priming (assuming phonological priming effects would be
obtained) by manipulating target frequency and by assessing the effect of L2
proficiency. As noted, Gollan et al. (1997) found that the cross-script masked
translation priming effect was larger for cognates than for noncognates in their lexical
decision experiments. In addition, Gollan et al. reported that this cognate advantage
was found mainly for their less proficient bilinguals: in their posthoc analysis, the
translation priming effect increased selectively for cognates only for the group of
participants with higher error rates to the L2 targets (for the purposes of their analysis,
Gollan et al. assumed that higher error rates reflected lower L2 proficiency). Gollan
et al. concluded that the larger cognate advantage for the less proficient bilinguals was
due to their greater reliance on phonological codes when making lexical decisions. One
should also note, however, that Gollan et al.’s results were somewhat different from
those of Duyck et al. (2004), who found that the phonological priming effect in a
perceptual identification task was not modulated by L2 proficiency (i.e., when
comparing simultaneous vs. late bilinguals). Thus, at present, it is not clear whether
processing fluency of L2 targets influences the level of phonological (or cognate)
priming in a cross-script masked priming task, and hence, this may be an important
consideration when looking for evidence of cross-script phonological priming in
Japanese-English bilinguals. Our study is the first to examine the effect of L2
proficiency and target frequency on the masked cognate and phonological priming
effects for different-script bilinguals.

In the present experiment, we assessed the effect of processing fluency of L2 targets
on phonological priming in two ways. First, we manipulated the printed frequency of
the targets; half were high-frequency words, and half were low-frequency words. High-
frequency targets should be more familiar and more easily processed than low-
frequency targets because bilinguals read high-frequency words more often than
low-frequency words. Second, we examined individual differences in priming as a
function of performance on a test of English language skills, the Test of English as
International Communication (TOEIC).? According to Gollan et al.’s (1997) analysis,
less proficient bilinguals (i.e., those with lower scores on the TOEIC) will rely on
phonological information to a greater extent when making lexical decisions, which
should in turn lead to a larger phonological priming effect. If, as Gollan et al.’s results
suggest, the magnitude of the phonological facilitation depends on the degree of
reliance on phonological information (and if reliance on phonological information is,
in turn, related to the processing fluency of L2 words), then any phonologically-based
priming effect should be larger for low-frequency targets than for high-frequency
targets, and also larger for less proficient bilinguals than for more proficient bilinguals.

2The TOEIC is administered by the Educational Testing Service (ETS) and consists of two sections of
100 questions each (listening comprehension and reading comprehension). The test requires about 2.5 hours
to complete and assesses a broad range of English skills, especially in business settings. Test scores range
from 0 to 990, with higher scores indicating greater fluency in English. In Japan, approximately 750,000
people take the test annually, and the test scores are accepted by many schools and organisations as a
measure of English proficiency. Bilinguals with scores in the 860-990 range are considered the most
proficient (the “gold” certification), and those with scores in the 730—855 range are considered to be less
proficient but still highly fluent (the “blue” certification).
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To summarise, our experiment addressed two key issues. First, if the phonological
representations for a bilingual’s two languages are integrated even though those
languages use different scripts, then lexical decision performance should be facilitated
when L2 targets (English words) are primed by phonologically similar L1 words
(Japanese words), relative to when the same L2 targets are primed by phonologically
unrelated L1 words (a phonological priming effect). In contrast, if the phonological
representations for the two languages are separate, then there should be no
phonological priming effect. Second, assuming that there is cross-language phonolo-
gical activation and priming, if the processing fluency of L2 targets is important, then
larger priming effects are expected for low-frequency targets than for high-frequency
targets, and also for less proficient bilinguals than for more proficient bilinguals.

METHOD
Participants

Seventy-six undergraduate and graduate students from Waseda University (Tokyo,
Japan) participated in this experiment for 1000 Yen (about US $12.00). All
participants had completed the TOEIC and had scores higher than 700 (M =839,
range = 700-990). The participants reported that they had studied English for an
average of 10.6 years (SD =3.0).

Stimuli

One hundred and twenty English words were selected as targets. Half of the targets
were low-frequency words (M =14.9 occurrences per million, SD =9.6; Kucera &
Francis, 1967) and half were high-frequency words (M =204.3 occurrences per
million, SD =149.7). The high- and low-frequency words were very similar with
respect to mean word length (4.6 vs. 4.7, respectively) and mean number of
orthographic neighbours (6.4 and 6.4, respectively). Each target (e.g., GUIDE) was
paired with three types of Japanese Katakana word primes (see Table 1): (1) a cognate
translation equivalent prime (e.g., %1 K, /gaido/, guide), (2) a phonologically similar
but conceptually unrelated prime (e.g., %1 K, /saido/, side), and (3) a phonologically
and conceptually unrelated prime (e.g., =— /L, /koRru/, call). Phonologically similar
primes differed from cognate translation primes by one character (i.e., one syllable).
As a result, phonologically similar primes and translation primes differed from each
other by one to three phonemes, with the majority differing by two phonemes. (The
phonological primes and cognate translation primes had 70% overlapping phonemes
on average, 70.3% and 69.6% for the primes preceding low- and high-frequency
targets, respectively.)® The initial purposes of using cognate translation primes were (1)
to compare the magnitude of any phonological priming effect with that of the cognate
translation priming effect, which would allow us to determine the additional impact of
the conceptual overlap between the prime and the target, and (2) to allow us to
demonstrate that our masked priming procedure was effective in the event that

3 Quantifying the phonological overlap between Japanese primes and English targets is not straightfor-
ward because the phonemes used in English and Japanese are not identical. Due to the constraints on
stimulus selection, the phonologically similar primes were phonologically slightly less similar to their targets
than the cognate translation primes were to their targets. We were, however, able to quantify and equate
phonological similarity between translation primes and phonological primes in the two frequency categories
by computing the number of overlapping phonemes in the pairs of Japanese prime words.
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phonological priming was not observed. As will be discussed, an additional benefit
was that these primes provided useful information concerning the nature of the
interactions between the cognate priming manipulation and the factors of word
frequency and bilingual proficiency.

The normative frequency of the primes was not manipulated but was instead
controlled such that all of the primes were low-frequency words. The mean normative
frequencies of the cognate translation primes, phonological primes, and unrelated
primes for low-frequency targets were 10.9 (SD =10.1), 8.2 (SD =9.5), and 7.0
(SD =7.1); for high-frequency targets, the mean normative frequencies of the three
types of primes were 10.4 (SD =21.5), 4.7 (SD =28.6), and 7.0 (SD =6.8), respectively
(Amano & Kondo, 2000).* These primes had the same mean character length
(M =3.4). Three counterbalanced lists with matching lexical characteristics were
created so that the same targets could be presented to all participants but each
participant saw only one of the prime-target pairings. The Japanese-English prime-
target pairs are listed in the Appendix.

One hundred and twenty English nonwords were selected from the English Lexicon
Project database (Balota et al., 2007) for the lexical decision task. These were matched
to the word targets with respect to length and number of neighbours (M =4.8 and 6.2,
respectively). One hundred and twenty Japanese words were selected as primes for
these nonword targets. The mean normative frequency of the Japanese primes was 7.8
(SD=11.4), and their mean length was 3.5 characters. Because there are no
translation equivalents for nonwords, prime type was not manipulated for nonwords.
Thus, for the nonword targets, only one presentation list was necessary and all
participants saw the same pairings. In Gollan et al.’s (1997) and Voga and Grainger’s
(2007) studies, both cognates and noncognates were presented. To evaluate whether
this factor might be important, half of the participants (n =36) were also presented
with 120 Japanese-English word pairs in which their translation equivalents were
noncognates.” For those participants, 120 English nonwords primed by Japanese
words (all of which had translations equivalents that were noncognates) were also
presented to maintain a word/nonword ratio of 50/50. Thus, for the participants
presented with noncognate fillers, the experiment consisted of 480 trials in total,
whereas for the participants not presented with fillers, the experiment consisted of 240
trials in total.

Apparatus and procedure

Each participant was tested individually. The experiment was programmed using the
DMDX software package (Forster & Forster, 2003). Stimuli were presented on a 21-
inch video display driven by a desktop microcomputer. Each trial began with the
presentation of a forward mask (######) for 500 ms followed by a 50 ms
presentation of a Japanese prime. Immediately following the prime, an English target

“Normative frequencies were based on the NTT database (Amano & Kondo, 2000), which provides
frequency counts based on a corpus of 287,792,797 words. The normative frequencies reported here are per
million words and are derived by dividing the original frequency values by 287.8.

SFor the filler noncognate Japanese-English word pairs, half of the targets were primed by Japanese
translation equivalents, and the other half were primed by unrelated Japanese words. Only a single
presentation list was necessary. The lexical characteristics of the noncognate primes and targets were
matched to those in the cognate condition, except that the Japanese noncognate primes were shorter in
length (M = 2.0 for the noncognates vs. 3.4 for the cognates) and the majority of those words were
presented in Kanji.



CROSS-SCRIPT MASKED PHONOLOGICAL PRIMING 1571

TABLE 1
Examples of translation, phonological, and unrelated Japanese
cognate primes (phonemic transcription, English translation) and
low- and high-frequency English targets used in the study

Prime type Target
Translation Phonological Unrelated Low-frequency
HA R YA K a—)L GUIDE
(/gaido/, guide)  (/saidol, side) (/koRru/, call)
High-frequency
AT = aF—y Fr—r3—

(/suteRzi/, stage) (/koteRzi/, cottage) (loRbaR/, over) STAGE

was presented (in upper-case letters); the target remained on the display until the
participant made a response. The task was to make a lexical decision to the target.
Participants were instructed to make their decisions as quickly and accurately as
possible by pressing the yes or no button on a response box placed in front of them.
Each target was flanked by brackets ( >>>> and <<<<) so that the primes were
completely masked by the targets (this was necessary because some of the Japanese
primes were slightly longer than their English targets). Participants completed 16
practice trials to familiarise themselves with the task prior to the collection of data.

RESULTS

The data from four participants were excluded from all analyses due to high error rates
(>20%); the analyses were therefore based on data from 72 participants. Response
latencies <300 ms or > 1,700 ms were considered outliers; response latencies that fell
outside of these limits were replaced by these values (this treatment applied to <0.5%
of all “word” responses). The data for four low-frequency targets (radar, cue, veil, and
lens) were excluded from all analyses because the average error rate for each of these
items was > 50%.

Preliminary analyses showed that the list context (whether the critical targets were
presented with noncognate fillers or without noncognate fillers) did not significantly
interact with any priming effect either for response latencies or for errors (all ps >.10).
Therefore, the data were collapsed across the list context conditions. The mean lexical
decision latencies for correct responses and the mean error rates were analysed using a

TABLE 2
Mean lexical decision latencies (in ms) and percentage errors for English word targets primed
by translation, phonological, and unrelated Japanese primes

Prime type Priming effect
Translation Phonological Unrelated Translation Phonological
(T) (P) (UR) (UR-T) (UR-P)
LF targets 633 (6.4) 710 (14.3) 738 (18.3) 105 (11.9) 28 (4.0)
HF targets 591 (3.5) 643 (7.6) 674 (9.2) 83 (5.7) 31 (1.6)

Note: The mean lexical decision latency and percentage errors for nonword targets were 743 ms and 9.8%,
respectively. LF targets, low-frequency targets; HF targets, high-frequency targets.
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2 (target frequency: low, high) x 3 (prime type: translation, phonological, unrelated)
repeated measures analysis of variance (ANOVA). Both subject (F;) and item (Fj)
analyses were carried out. In the subject analyses, target frequency and prime type
were within-subject factors. In the item analyses, target frequency was a between-item
factor and prime type was a within-item factor. Table 2 lists the mean response
latencies and error rates from the subject analyses.

There was a significant main effect of target frequency for response latencies, Fy(1,
71) =139.79, p <.001, MSE =2,527.1; F(1, 114) =30.48, p <.001, MSE =10,515.6,
and for errors, Fy(1, 71) = 68.93, p <.001, MSE =61.3; F,(1, 114) =21.01, p <.001,
MSE =162.1. Lexical decisions to low-frequency targets were slower and more error
prone (694 ms, 13.0%) than lexical decisions to high-frequency targets (636 ms, 6.8%).
The main effect of prime type was also significant for response latencies, Fy(2,
142) =101.60, p <.001, MSE =3,309.2; F{2, 228) = 138.60, p <.001, MSE =2,246.1,
and for errors, Fy(2, 142) =47.43, p <.001, MSE =61.6; F;(2, 228) =49.01, p <.001,
MSE =47.6. There was a large translation priming effect, with responses to targets
primed by cognates being the fastest and most accurate (612 ms, 5.0%) and those to
targets primed by unrelated words being the slowest and least accurate (706 ms,
13.8%). Responses to targets primed by phonologically similar words were inter-
mediate in latency and errors (677 ms, 11.0%). Most important was the significant
interaction between target frequency and prime type for response latencies, Fy(2,
142) =5.10, p <.01, MSE =1,311.2; F,(2, 228) =3.12, p <.05, MSE =2,246.1, and
for errors, Fy(2, 142) =8.18, p<.001, MSE=41.9; F(2, 228) =5.69, p<.0l,
MSE =47.6.

To evaluate the significant interaction between target frequency and prime type,
separate planned interaction contrasts were carried out to assess the phonological and
cognate translation priming effects. First, to assess the phonological priming effect,
responses to targets primed by phonologically similar words and unrelated words were
compared using a 2 (prime type: phonological, unrelated) x 2 (target frequency: low,
high) repeated measures ANOVA. The main effect of prime type was significant for
response latencies, Fy(1, 71) =23.02, p <.001, MSE =2,747.4; F(1, 114) =25.46,
p <.001, MSE =2,595.9, and for errors, Fy(1, 71) =8.63, p <.01, MSE =67.6; F(l,
114) =7.35 p<.01, MSE =63.7. Averaged across target frequency, phonologically
similar primes facilitated responses by 30 ms in terms of response latencies and by
2.8% in terms of errors. The interaction between target frequency and prime type was
not significant either for response latencies (both Fs <1) or for errors, Fy(l,
71) =2.15, p>.10; F(1, 114) =1.26, p>.10. As can be seen in Table 2, the
phonological priming effect for low-frequency targets (28 ms, 4.0%) was very similar
to the phonological priming effect for high-frequency targets (31 ms, 1.6%). These
results suggest that L2 processing fluency (as indexed by word frequency) had no
effect on phonological priming.

Second, to assess the cognate translation priming effect, responses to targets
primed by cognates and unrelated words were compared using a 2 (prime type:
cognate translation, unrelated) x 2 (target frequency: low, high) repeated measures
ANOVA. The main effect of prime type was significant for response latencies, Fy(1,
71) =168.83, p <.001, MSE =3,806.6; Fi(1, 114) =296.68, p <.001, MSE =2,022.5,
and for errors, Fy(1, 71) =81.12, p <.001, MSE =69.1; F(1, 114) =105.19, p <.001,
MSE =42.6. Averaged across target frequency, the cognate translation priming effect
was 94 ms in terms of response latencies and 8.8% in terms of errors. In addition, there
was a significant interaction between prime type and target frequency for response
latencies, Fy(1, 71)=7.21, p<.01, MSE=12314; F(1, 114) =5.17, p<.05,
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TABLE 3
Mean lexical decision latencies (in ms) and percentage errors for English word targets primed
by translation, phonological, and unrelated Japanese primes for the bilinguals with the highest
and the lowest TOEIC scores

Prime type Priming effect
Translation Phonological Unrelated Translation Phonological

(T) (P) (UR) (UR-T) (UR-P)
Bilinguals with the highest TOEIC scores
LF targets 608 (4.4) 667 (10.3) 701 (12.1) 93 (1.7) 34 (1.8)
HF targets 577 (3.1) 622 (7.5) 633 (6.7) 56 (3.6) 11 (-0.8)
Bilinguals with the lowest TOEIC scores
LF targets 651 (8.9) 741 (15.8) 774 (23.3) 123 (14.4) 33 (7.5)
HF targets 595 (3.5) 661 (7.7) 704 (10.4) 109 (6.9) 43 (2.7)

MSE =2,022.5, and for errors, Fy(l, 71) =19.37, p<.001, MSE=3438; F(l,
114) =12.51, p<.01, MSE =42.6. Unlike the phonological priming effect, the
cognate translation priming effect was larger for low-frequency targets (105 ms,
11.9%) than for high-frequency targets (83 ms, 5.7%), which suggests that for cognate
translation primes there was an effect of L2 processing fluency (as indexed by word
frequency) on the priming effect.®’

L2 proficiency analysis based on participants’ TOEIC scores

To determine if the magnitude of the priming effect varied as a function of an
individual’s level of L2 processing fluency, as measured by an individual’s TOEIC
score, the phonological and cognate translation priming effects for the 24 bilinguals
with the lowest TOEIC scores (M =760) and the 24 bilinguals with the highest TOEIC
scores (M =927), 1(46) =14.01, p <.001) were compared (a tertile split), while
maintaining the counterbalancing of the stimulus presentation lists and the list
context. The mean response latencies and error rates from the subject analyses are
listed in Table 3.

As expected, the bilinguals with higher TOEIC scores responded to targets
significantly faster (635 ms) and made fewer errors (7.4%) than the bilinguals with

®We should point out that some of the difference between the cognate translation priming effect and the
phonological priming effect could have been due to the fact that the degree of phonological similarity was
slightly larger for the cognate translation pairs than for the phonologically similar pairs. It seems very
unlikely, however, that this small difference could account for the substantial difference between the size of
the cognate translation priming effect (94 ms) and that of the phonological priming effect (30 ms).

"Recall that each target (e.g., GUIDE) was primed by a cognate translation prime (e.g., % A ¥, /gaido/,
guide) and a phonologically similar prime (e.g.,%+ I, /saido/, side). About half of the phonologically
similar primes shared the initial phoneme with their paired cognate translation prime, whereas the
remainder did not. This generally meant that whereas all of the cognate translation primes shared initial
phonemes with their targets, the same was true only for about half of the phonologically similar primes. To
evaluate the extent to which this difference may have affected the contrast between cognate translation
priming and phonological priming, we compared the priming effect for phonologically similar primes that
shared their initial phoneme with their paired cognate translation prime to the priming effect for
phonologically similar primes that did not share their initial phoneme with their paired cognate translation
prime. In this posthoc analysis, although the former primes produced slightly more priming (32 ms) than the
latter (23 ms), this difference was far from significant, F; < 1; Fi(1, 114) = 1.41, p >. 10. Therefore, it does
not appear that very much of the difference between the phonologically similar and cognate translation
prime conditions could have been due to a difference on this dimension.
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lower TOEIC scores (688 ms and 11.6%), Fy(1, 46) =3.15, p =.08, MSE =64,266.3;
F(1, 114) =119.04, p <.001, MSE=5,122.4, for response latencies, and Fy(l,
46) =10.47, p<.01, MSE=124.2; F(1, 114) =24.72, p <.001, MSE =127.8, for
errors. L2 proficiency significantly interacted with target frequency, such that the
frequency effect was larger for the bilinguals with lower TOEIC scores (69 ms and
8.8% effects) than for the bilinguals with higher TOEIC scores (48 ms and 3.1%
effects), for latencies, F (1, 46) =3.23, p=.08, MSE =2,328.4; Fi(1, 114) =4.82,
p <.05, MSE =5,122.4, and for errors, Fy(1, 46) =12.87, p <.01, MSE =43.6; Fi(1,
114) =10.70, p <.01, MSE =127.8.

In terms of the pattern of priming effects, there was a significant interaction
between prime type and L2 proficiency for response latencies, Fy(2, 92) = 3.81, p <.05,
MSE =2,784.4; Fy(2, 228) =4.43, p<.05, MSE=1,870.7, and for errors, Fy(2,
92) =3.10, p =.05, MSE =59.4; F,(2, 228) =4.29, p <.05, MSE =103.8. The three-
way interaction between prime type, target frequency, and L2 proficiency was not
significant for response latencies or for errors, Fy2, 92) =1.39, p>.10,
MSE =1,267.0; F; <1, and F; <1; F; <1, respectively.

Planned interaction contrasts assessing the phonological and cognate translation
priming effects showed that the pattern of effects mirrored the effects observed in the
analysis of low- and high-frequency targets. For the phonological priming effect, in
terms of response latencies, the two groups did not differ significantly in the
magnitude of the priming effect: averaged across target frequency, the priming effect
was 23 ms for the bilinguals with higher TOEIC scores and 38 ms for the bilinguals
with lower TOEIC scores, Fy(1, 46) = 1.08, p >.10, MSE =2,697.7; Fi(1, 114) = 1.38,
p>.10, MSE =8,584.7, although for errors, the priming effect was larger for the
bilinguals with lower TOEIC scores (a 5.1% effect vs. a 0.5% effect for the bilinguals
with higher TOEIC scores), Fy(1, 46) =4.32, p <.05, MSE =57.9; F(1, 114) =3.74,
p =.06, MSE=161.1. In contrast, for the cognate translation priming effect, the
priming effect was significantly larger for the bilinguals with lower TOEIC scores, in
terms of response latencies (116 vs. 75 ms for the bilinguals with higher TOEIC
scores), Fy(1, 46) =698, p<.05, MSE=2980.7, F(1, 114) =729, p <.01,
MSE =9,462.6, and in terms of errors (a 10.7% effect vs. a 5.7% effect for the
bilinguals with higher TOEIC scores), Fy(1, 46) =4.04, p =.05, MSE =74.3; F(l,
114) =9.42, p <.01, MSE =77.3. Thus, the two complimentary ways of testing for an
effect of L2 processing fluency on phonological and cognate translation priming (L2
target frequency and L2 proficiency as measured by TOEIC scores) produced
comparable results.®

DISCUSSION

The purpose of this experiment was to determine if a cross-script phonological
priming effect would be observed for different-script bilinguals using a lexical decision

8The same conclusion was supported based on regression analyses in which the relationship between
TOEIC scores and priming effects was examined using mixed-model regression analyses, one for the
translation priming effect and one for the phonological priming effect (for both analyses N = 72). Because
the subject means for these priming effects were based on three counterbalancing lists, the list factor was
effect-coded and included in the analyses. These analyses showed that TOEIC scores accounted for a
significant proportion of the variance in the cognate translation priming effect, #(68) = 2.16,p < .05, =
—.22, with lower TOEIC scores associated with larger priming effects. In contrast, TOEIC scores did not
account for a significant proportion of the variance in the phonological priming effect, #(68) < 1.
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task with masked primes, and if so, whether such an effect would be modulated by L2
target processing fluency. In previous masked priming studies with same-script
bilinguals, phonological priming effects have been reported (e.g., Brysbaert et al.,
1999; Duyck et al., 2004), leading to the conclusions that phonological representations
in the two languages are integrated when those languages share a script and that those
representations are automatically activated by words in either language. The question
here was whether this is also true for the processing of different-script languages, given
the small number of studies that have examined phonological priming effects for
different-script bilinguals (Dimitropoulou et al., 2011; Gollan et al., 1997; Kim &
Davis, 2003; Voga & Grainger, 2007) and the possibility that phonological
representations may be more language-selective when a bilingual’s languages do not
share a script.

We found that lexical decisions to L2 targets were facilitated not only by cognate
translation primes (a 94 ms effect) but also by phonologically similar primes (a 30 ms
effect) presented in L1. The significant phonological facilitation observed nicely
converges with the results of Dimitropoulou et al. (2011), who reported that for
Greek-Spanish bilinguals, phonologically similar but orthographically dissimilar
primes facilitated lexical decisions to targets, even though phonologically and
orthographically similar primes did not. Dimitropoulou et al. explained the latter
result as being due to inhibitory processes playing an important role when the primes
and targets have some orthographic similarity. This pattern also led Dimitropoulou et
al. to suggest that phonological priming effects may be more readily observed with
languages that do not share orthographies, because orthographic competition between
primes and targets with similar orthographies may make it difficult to observe a
facilitatory phonological priming effect. Our results, obtained using languages with
completely different scripts (English and Japanese), support this suggestion. The more
important point is that both sets of results clearly support the view that a bilingual’s
phonological representations are integrated even when the two scripts are quite
different.’

The most straightforward interpretation of the phonological priming observed in
the present study is that phonological representations are shared across languages,
even when orthographic representations are not. This conclusion is easily accom-
modated by models of bilingual lexicons that assume distributed, yet highly
interactively connected sublexical and lexical phonological (and semantic) features,
such as the BIA+4+ model (Dijkstra & Van Heuven, 2002). In such a localist-
connectionist framework, it is possible to accommodate shared phonological
representations without assuming the same structure for orthographic representations.
Of course, theoretically, one could argue that different-script bilinguals actually
possess two separate sets of phonological representations with strong linkages between
them. Distinguishing this type of “integrated” representations from one in which the
words in the two languages activate a single set of shared representations would not be
possible on the basis of the present data. In fact, it is not clear what data would allow

While revising this paper for resubmission, we were alerted to a newly published article by Zhou, Chen,
Yang, and Dunlap (2010) examining masked cross-language homophone priming for Chinese-English
bilinguals. Their lexical decision results were consistent with ours; they reported significant homophone
priming effects, and the size of the effect did not differ significantly as a function of English proficiency.
Zhou et al. did not examine effects of target frequency nor the impact of L2 proficiency on cognate
translation priming effects, however.
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one to distinguish between these two alternatives. In either case, however, the results of
the present study clearly show that phonological representations are activated in a
language nonselective fashion even for different-script bilinguals, individuals whose
orthographic representations are presumably activated language selectively.

We also examined the question of whether the degree of phonological facilitation
was greater when L2 processing fluency was low, as suggested by Gollan et al. (1997).
Recall that in Gollan et al.’s study, the translation priming effect (for cognates) was
larger for participants with higher error rates. Gollan et al. argued that the cognate
advantage increased for these participants because reliance on phonological informa-
tion during lexical decision-making tends to increase if bilinguals are less proficient in
L2. In contrast, Duyck et al. (2004) reported that the phonological priming effect was
identical for more and less proficient Dutch-French bilingual groups, a result that does
not suggest that reliance on phonological information is modulated by L2 proficiency.
In addition, Dimitropoulou et al. (2011) reported comparable phonological priming
effects when an L1 prime was followed by an L2 target (in their Experiment 1) and
when an L2 prime was followed by a—presumably more proficiently processed—L]1
target (in their Experiment 2). To evaluate the impact of L2 processing fluency on the
phonological priming effect, we compared priming effects for high- and low-frequency
targets and for bilinguals with high and low scores on the TOEIC.

The large word frequency effect in our data (a 58 ms effect on average) clearly
demonstrated that the L2 low-frequency targets were more difficult to process than the
L2 high-frequency targets. With respect to the cognate translation priming effect, our
results are consistent with Gollan et al.’s (1997) results, in that we also found that the
effect is modulated by the processing difficulty of the targets; in our experiment, the
cognate translation priming effect was significantly larger for low-frequency targets (a
105 ms effect) than for high-frequency targets (a 83 ms effect). On the other hand,
consistent with Duyck et al.’s (2004) results and in contrast to Gollan et al.’s claims
about phonological processing, the magnitude of the phonological priming effect was
statistically equivalent for high- and low-frequency targets (31 and 28 ms effects,
respectively). A similar pattern of results was also observed when participants were
grouped into more and less proficient bilinguals depending on their TOEIC scores:
whereas the phonological priming effect was similar for the two groups (23 and 38 ms
effects, respectively), the cognate translation priming effect was significantly smaller
for the more proficient bilinguals than for the less proficient bilinguals (75 and 116 ms
effects, respectively). Our data, therefore, lead to the conclusion that overall, L2
processing fluency modulates the cognate translation priming effect but has little
impact on the phonological priming effect.

Of course, we cannot rule out the possibility that L2 proficiency does have at least a
minor impact on the phonological priming effect. In fact, as noted, the phonological
priming effect on errors was significantly larger for the less proficient bilinguals than
for the more proficient bilinguals (a 5.1% effect vs. a 0.5% effect; see Table 3). In
addition, although the phonological priming effects for low-frequency targets were
comparable for more and less proficient bilinguals (34 vs. 33 ms), for high-frequency
targets, the priming effect was larger for less proficient bilinguals (43 ms) than for
more proficient bilinguals (11 ms). (The three-way interaction between prime type,
target frequency, and L2 proficiency was not significant, however.) Taken together,
these differences suggest that it is possible that the phonological priming effect is not
completely independent of L2 proficiency and that if we had tested bilinguals who
were much less proficient in L2 than our lower proficiency bilinguals we might have
observed a significant difference between more and less proficient bilinguals in the size
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of the priming effect. At the very least, our results show that the cognate
and phonological priming effects differ considerably in their sensitivity to L2
proficiency.

The role of phonology in bilingual word recognition

The different effects of processing fluency for cognate translation priming and
phonological priming suggest that the simple phonological overlap between two
languages and the conceptual overlap for translation equivalents have somewhat
different impacts on bilingual word recognition. In particular, based on our results,
when a masked prime is presented, its phonological representation appears to be
activated automatically regardless of the differences between the two languages’
scripts, leading to a facilitation of target processing if the prime and target (partially)
share phonology. Because the phonological facilitation appears to be minimally
affected by target frequency (and bilingual proficiency), the implication is that its
effect is pre-lexical in nature.

In contrast, when an L1 prime and an L2 target are cognate translation equivalents,
they share conceptual representations in addition to having phonological overlap.
Thus, when an L2 target is a cognate translation of an L1 prime, the processes of both
conceptual activation and phonological activation should be facilitated. As would be
expected, and as was observed in the present experiment, the cognate translation
priming effect would then be substantially larger than the phonological priming effect.
The present results therefore support the idea that the locus of the translation priming
effect is primarily via shared conceptual activation (Finkbeiner, Forster, Nicol, &
Nakamura, 2004; Kroll & Curley, 1988; Potter et al., 1984).

The present results also indicate that the process of retrieving conceptual
representations, in contrast to the process of activating phonology per se, appears
to be dependent on the strength of these correspondences given that the cognate
translation priming effect was modulated by target frequency and bilingual
proficiency. One theoretical framework that can account for this outcome is the
lexical integrity hypothesis (Yap, Tse, & Balota, 2009). According to this account,
high-frequency targets are retrieved in a more fluent manner than low-frequency
targets because their representations are more stable and coherent and because they
are closer to a recognition threshold (i.e., they are high in “lexical integrity”’). Given
this assumption, the lexical integrity hypothesis can provide an explanation for why
high-frequency targets benefit to a lesser degree from the semantic context provided by
cognate translation primes, and why more proficient bilinguals (i.e., individuals having
richer and more stable L2 word representations) would show smaller cognate
translation priming effects.

The lexical integrity hypothesis provides a nice framework for understanding why
the cognate translation priming effect was modulated by target frequency and
bilingual proficiency in our study. A key question would then be whether the absence
of similar interactions for the phonological priming effect would be inconsistent with
this framework. That is, although the phonological priming effect is due to the
activation of sublexical representations, one might expect that those representations
would vary in their integrity to some degree, particularly when integrity is measured in
terms of bilingual proficiency. We can offer two possible explanations for the absence
of an interaction between phonological priming and bilingual proficiency. First,
lexical integrity may simply have less impact on sublexical phonological activation;
that is, even if this process is modulated by the integrity of the phonological
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representation itself, it may be less affected by the nature (i.e., the coherence) of
relationships between orthographic, phonological, and semantic representations. A
second possibility is that even for lower proficiency bilinguals, sublexical representa-
tions (which are activated continually whenever a person is reading) are much more
strongly developed than the lexical representations of even high-frequency words.
Through repeated activation, they may have reached a high enough level of integrity
that, in tasks like lexical decision, it is difficult to observe a sizeable effect of lexical
integrity.

CONCLUSIONS

Our results indicate that phonological representations in bilinguals are integrated,
even when those languages involve completely different scripts, and that the activation
of these phonological representations when a word is read in one language is sufficient
to facilitate target processing in the other language. Our results also show that the
phonological priming effect is minimally, if at all, affected by target frequency and L2
proficiency, whereas the cognate translation priming effect is clearly modulated by
these two factors. We conclude that phonological activation plays much the same role
in visual word recognition for different-script bilinguals as it does for same-script
bilinguals and monolinguals.
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APPENDIX

1

Japanese translation prime (with phonemic transcription), phonological prime (with phonemic transcription and English translation),
unrelated prime (with phonemic transcription and English translation), English target. Phonemic transcriptions according to Tamaoka

Translation Prime Phonological Prime Unrelated Prime Low-frequency
Target

A /medaru/ ~AH /pedaru/ pedal T—F /moRdo/ mode medal
7 v Fx— /kuQkiR/ 7 v Fk— /raQkiR/ lucky AV R /mesoQdo/ method cookie
v—7 /piRku/ IN—T /paRku/ park ERZN /joQto/ yacht peak
77 v bk /rakeQto/ Fr v b /cjikeQto/ ticket Ty /areNzi/ arrange racket
=E7a AN /rokeQto/ RN /pokeQto/ pocket F v A A /tjaimu/ chime rocket
7= /buRmu/ B—A /biRmu/ beam 37— /eraR/ error boom
F—X /cjiRzu/ B—x /biRzu/ beads HAZ /kamera/ camera cheese
J—2= /riRsu/ A—R /hoRsu/ hose/horse FA /naiN/ nine lease
FH— /gitaR/ ALY — /sutaR/ star v—FK /siRdo/ seed guitar
Tyva /raQsju/ Hyia /daQsju/ dash YV /gasoriN/ gasoline rush
ART 4 — /merodiR/ NaF o — /parodiR/ parody N = /harikeRN/ hurricane melody
=7 /teRpu/ 07— /roRpu/ rope FF /raNcji/ lunch tape
X—F /nuRdo/ L—F /muRdo/ mood K7 — /horaR/ horror nude
~ AT /masuku/ EAT /mosuku/ mosque I/ /miRru/ meal mask
2y /taNku/ V7 /riNku/ link rL— /toreR/ tray tank
v — /biRru/ =) /siRru/ seal T=A /tenisu/ tennis beer
A= /suRpu/ *—7 /kiRpu/ keep T /beNcji/ bench soup
INA /basu/ A /rosu/ loss ~)b /beru/ bell bus
=) /keRburu/ J—7 ) /mnoRburu/ noble Ko &— /dokutaR/ doctor cable
Uy 7R /waQkusu/ VAP /saQkusu/ sax a—F7 /juRmoa/ humor wax
7= /buRtu/ =y /siRtu/ sheets ap— /kopiR/ copy boots
AR /gaido/ YA K /saido/ side a—)v /koRru/ call guide
v —F /piRcji/ a—F /koRcji/ coach FA7 /naihu/ knife peach
NA S — /posutaR/ VAL — /masutaR/ master ALk /tareNto/ talent poster
L— 4 — /reRdaR/ V—%— /riRdaR/ leader avy K /komaNdo/ command radar
~JL k /beruto/ VIS /boruto/ bolt ~—7 /maRku/ mark belt
~ 7 /maQpu/ H /kaQpu/ cup N A /botaN/ button map
A =7 /iRguru/ F—7 ) /goRguru/ goggle Uy —h /tizoRto/ resort eagle
Foa— /kjuR/ —a— /njuR/ new Ny /paQku/ pack cue
hag=] /zero/ E= /kiro/ kilo I= /mini/ mini zero
RS = /supuRN/ A h—V /sutoRN/ stone I — /seminaR/ seminar spoon
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wng Koy 7w/ — X sed /nsed/ YL /awed/ T L
Suo| yoeaq /ioyq/ £—4 oA0)s/03ueI /VZNPY/ (37 /MZND1/ LA
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