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The Stroop effect is a well-known phenomenon of in-
terference in a color-naming task first devised by Stroop
(1935). Participants name the colors of the inks in which
incongruent color words are printed (e.g., RED printed in
blue ink) while ignoring the words. It takes participants
significantly longer to name the ink colors when presented
with incongruent color words than when presented with
colored control stimuli (e.g., color patches). A generally
accepted theoretical account is based on the unintentional
(automatic) processing of the incongruent words by skilled
readers (e.g., Posner & Snyder, 1975).

A bilingual version of the Stroop task involves color
terms from bilinguals’ two languages as stimuli, with
which the color naming task can be conducted in either
the bilinguals’ first language (L1) or their second language
(L2). As a result, the bilingual Stroop test yields two
types of interference: between-language (L1 word and L2
naming; L2 word and L1 naming) and within-language
(L1 word and L1 naming; L2 word and L2 naming) inter-
ference (e.g., Dyer, 1971; Preston & Lambert, 1969). The
degrees of the Stroop effect observed in between- and
within-language interference are considered to reflect the
strength of connections both between L1 and L2, and
between each language and the underlying concepts.

Several models of bilingual language representation
have been proposed that take two hierarchical levels into

consideration (see Figure 1): a lexical level, which con-
sists of two distinct and independent lexicons, and a con-
ceptual level, which is shared by the two languages (see,
e.g., Kolers, 1966; Kroll, Michael, & Sankaranarayanan,
1998; Kroll & Stewart, 1994; Potter, So, Von Eckardt, &
Feldman, 1984). Whether and how the three components
(i.e., L1, L2, and concepts) interact and how bilingual
speakers access these three components continue to be
issues to be resolved.

Between-language interference is approximately 75%
of within-language interference (MacLeod, 1991). This
ratio of between-language to within-language interfer-
ence, however, has ranged from 22% to 140% (Francis,
1999). It has been suggested that the specific ratio is due
to both the orthographic similarity between the two lan-
guages (e.g., Fang, Tzeng, & Alva, 1981) and the profi-
ciency of the bilingual speakers.

For instance, Potter et al. (1984) considered a word as-
sociation hypothesis for bilinguals with low or interme-
diate proficiency and a concept mediation hypothesis for
bilinguals with high proficiency. The word association
hypothesis assumes that L2 learners access the meaning
of L2 words only through their L1 (i.e., there are only
links A and B in Figure 1). This model predicts that L1
color terms will yield more interference than L2 color
terms regardless of response language. In contrast, the
concept mediation hypothesis assumes that words in both
L1 and L2 are directly connected to the conceptual rep-
resentation (i.e., there are only links B and C in Figure 1).
Thus, within-language interference should be greater
than between-language interference regardless of the re-
sponse language.

In addition, Chen and Ho (1986) proposed a mixed
model after carrying out bilingual Stroop tasks among
Chinese–English bilinguals of varying proficiency levels.
(In describing bilinguals, we use the notation L1–L2.)
They found that for all participants responding in L1,
within-language interference was greater than between-
language interference. Furthermore, when responding in
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In a bilingual Stroop task, we examined between-language interference among proficient Japanese–
English bilingual speakers. Participants named ink colors either in Japanese or in English. The Japa-
nese color terms were either phonologically similar to (i.e., loan words) or dissimilar from (i.e., tradi-
tional color terms) English color terms. For both response languages, a significant between-language
Stroop effect was found despite the orthographic dissimilarity between the languages. The magnitude
of the between-language interference was larger with the phonologically similar terms. These findings
implicate direct links connecting phonologically similar matching words in the lexicons of proficient
bilingual speakers of dissimilar languages and imply that phonological processing in lexical access oc-
curs even when the access is done unintentionally.
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L2, participants with higher levels of proficiency showed
more within-language interference, whereas participants
with lower levels of proficiency experienced more between-
language interference. Consequently, the mixed model
includes the word association model for the beginning of
L2 learning, with the concept mediation model gradu-
ally replacing the word association model as proficiency
increases.

As Brauer (1998) has pointed out, however, the mixed
model cannot explain the high degree of between-language
interference among highly proficient bilinguals of very
similar languages (e.g., the German–Swedish bilinguals
studied by Mägiste, 1984). Thus, Brauer postulated a
multiple access model, which includes all three links (A,
B, and C in Figure 1). The results from two experiments
provided support for this model. The between-language
interference among the highly proficient bilinguals of
dissimilar language pairs (English–Greek and Chinese–
English) was small, as compared with the within-language
interference, whereas the highly proficient bilinguals of
similar language pairs (English–German and German–
English) experienced a similar degree of between-language
and within-language interference.

To assess the importance of orthographic processing
in the bilingual Stroop effect, Fang et al. (1981) conducted
an experiment with Japanese–English bilinguals. The
Japanese language provides an opportunity to examine
how different orthographic systems, which involve dif-
ferent processing (Morikawa, 1981), influence bilin-
guals’ language representation. Japanese orthography
consists of the Kana and Kanji systems. Kanji is ideo-
graphic, whereas Kana is syllabic. The Kana system is
further divided into Hiragana and Katakana. Hiragana is
used mostly for grammatical particles, whereas Kata-
kana is used for loan words (LWs), which are commonly
used among the monolingual speech community. Shorter
response times have been observed with Kana than with

Kanji in naming, which is considered to indicate the closer
relation between Kana and phonological processing (Feld-
man & Turvey, 1980).

In Fang et al.’s (1981) study, Japanese–English bilinguals
were presented with traditional color terms, in a between-
subjects design, including Kanji/English or Hiragana /
English. There was greater within-language than between-
language interference, especially with Kanji when par-
ticipants named in Japanese, but between-language inter-
ference was evident in both groups. Importantly, the
reduction in interference from within-language to between-
language conditions did not differ significantly between
the two groups. Because these different orthographies
had similar effects when the phonology was held con-
stant, the authors concluded that phonological factors
contributed more than orthographic factors did.

A study by Tzelgov, Henik, Sneg, and Baruch (1996)
provides additional evidence that phonological process-
ing takes place in parallel to orthographic processing.
They presented Hebrew–English bilinguals with cross-
script homophones as the stimuli in a Stroop task. The
cross-script homophones consisted of nonword stimuli
that were words in one language when pronounced (e.g.,
Hebrew) but were written in the script of the other lan-
guage (e.g., English). The cross-script homophones were
orthographically unfamiliar to the participants (e.g.,
kahol written in the Roman alphabet is unfamiliar but
sounds like the Hebrew word for blue). Nevertheless, in
some cases in which the cross-script homophones had
meaning in Hebrew, they produced just as large a Stroop
effect as did the color terms written in Hebrew. This re-
sult implies that Stroop interference depends on the phono-
logical familiarity of the stimuli, rather than on their or-
thographic familiarity.

On the basis of this implication, we hypothesize that an
increase in the phonological similarity of a dissimilar lan-
guage pair could enhance the magnitude of the between-
language Stroop effect. Japanese offers a unique oppor-
tunity to test this hypothesis by using Katakana LWs.
Specifically, color terms in LWs that are originally from
English are used as Japanese responses—[gɹi:n] ( ,
“green”), [bɹu:] ( , “blue”), and [ɹed�do] ( ,
“red”)—and are compared with the traditional color terms
(TCTs): [midoɹi] ( , “green”), [ao] ( , “blue”),
and [aka] ( , “red”) (see Table 1). The Japanese and
English words are phonologically similar in the case of
the LWs but are dissimilar in the case of the TCTs.

Katakana orthography maintains the dissimilarity to
English while increasing the phonological similarity. If
phonological processing takes place upon orthographic
processing, the dissimilarity between English and Japa-
nese should be reduced by the phonological similarity
between English and LWs. This reasoning leads to the
prediction of larger between-language interference in-
volving either responding in LWs to English stimuli or
responding in English to Katakana stimuli.

The present study involved a two-part experiment in
which the Stroop task was used. The parts were identical
in design, with one important exception: All responses

Figure 1. A schematic diagram of bilingual language repre-
sentation. The word association model includes only the A and B
links. The concept mediation model includes only the B and C
links. The multiple access model includes all three links (A, B,
and C).
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were in Japanese in the first part but were in English in
the second part. Note that unlike the study by Tzelgov
et al. (1996), no cross-script homophones were employed.
All the stimuli were words in the script in which they
were written. Native speakers of Japanese, all of whom
were proficient bilinguals, were employed as participants
in both parts of the experiment. Each participant per-
formed the first part before the second part, so that for
all the participants the results for the Japanese responses
were not contaminated by any prior responding in English.
The results for the English responses serve primarily as
a replication of those for the Japanese responses.

METHOD
Participants

Twenty-four Japanese–English bilinguals participated. There
were 7 men and 17 women, whose ages ranged from 21 to 43 years
(M � 27). They were paid $15 each. Five participants lived in Japan
at the time of testing; however, they had previously spent an aver-
age of 4.6 years in English-speaking countries. The remaining 19
participants resided in Colorado. Their length of stay in the U.S.
ranged from 1 month to 10 years (M � 3.8 years). There were 18
individuals who had taken the Test of English as a Foreign Lan-
guage (TOEFL), and the average score was 548.

Design and Materials
The experiment consisted of two parts (Japanese and English re-

sponding), each with a 2 (Japanese word type block pair: LWs or
TCTs) � 2 (stimulus type: words or control) � 2 (stimulus lan-
guage: English or Japanese) design, using three colors of ink (i.e.,
green, blue, and red) for the stimuli. All independent variables were
varied within subjects. Response times (RTs) to name the color of
ink of each stimulus set were measured.

All the stimuli were presented on 5 � 8 in. index cards. On a given
card, nine handwritten letter strings were presented in lowercase for
English and Katakana (LWs from English) and Hiragana (TCTs)
for Japanese. Three types of control stimulus cards in colored bul-
lets were also constructed so that the number of bullets in a string
matched the number of characters in a word for each stimulus lan-
guage (see Table 1). For example, the English control stimulus
string for blue had four colored bullets, whereas the corresponding
Katakana control stimulus string for had three colored bullets,
and the corresponding Hiragana control stimulus string for had
two colored bullets. All the stimulus words were incongruent color
words that named the ink colors used in the experiment.

Under each orthography of English, Katakana, and Hiragana, a
block of 18 cards (9 control cards and 9 word cards) was prepared.
On each card, each of the three ink colors appeared three times, but
never twice in a row. At the same time, the color terms (or corre-
sponding sets of bullets) appeared three times each and no more
than twice in a row. (No constraint was imposed concerning which

of the six possible incongruent color–word combinations were em-
ployed. Across the 9 word cards, each combination occurred from
10 to 17 times.) Each card, therefore, presented nine sets of bullets
(control) or color words arranged in a vertical column, using one of
the three orthographies. For the control stimuli, the strings that
matched the orthography in the block were used.

In a given pair of successive blocks, only two types of orthogra-
phy, English and one of the two types of Japanese orthography, were
presented, and when responding in Japanese the participants were
asked to respond in either LWs or TCTs, whichever matched the
Japanese orthography of the given pair of blocks. For each part of
the experiment (Japanese responding and English responding),
each participant was exposed to four blocks in total, one pair of
blocks with LWs and the other with TCTs.

Word (W) and control (C) cards appeared pseudorandomly for
each orthographic condition among the 18 cards in a block. Half of
the participants were exposed to one sequence of 18 cards for each
block (W–C–C–W–C–W–C–W–C–W–W–C–W–C–W–C–C–W),
whereas the other half of the participants were exposed to the in-
verse sequence (C–W–W– C–W– C–W– C–W– C– C–W– C–W–
C–W–W–C). The color words used on a given card, in addition to
their order and the order of the ink colors on the card, were the same
for each of the three orthographic conditions. The pair of blocks for
the LWs and that for the TCTs occurred in an order counterbalanced
across participants. Likewise, the order of stimulus language (En-
glish first or Japanese first) within a pair of blocks was counterbal-
anced across participants. The three types of counterbalancing (for
stimulus type, for Japanese word type block pair, and for stimulus
language) were all fully crossed, yielding a group of 8 participants
to complete a counterbalanced set.

Procedure
The participants were tested individually in 50-min sessions. At

the beginning of the experiment, only general instructions were
given. These included the following: (1) how many blocks (four)
would be presented in the first part of the experiment and how many
stimulus cards (18) would be in each block, (2) that the participants
would see either words or colored bullets on a given card, and (3) that
the words would be written either in English or in Japanese. No
mention was made of Katakana or Hiragana orthographies. After
the general instructions, the instructions for the response language
were given for each block of trials; the participants were asked to
respond in either LWs or TCTs. One Japanese word type was used
in the first two blocks, and the other in the last two blocks. The par-
ticipants were told or reminded of the specific Japanese word type
before a given block began. After responses in either LWs or TCTs
in the first part of the experiment, the same procedure was repeated
for the second part, except that all responses were in English, with
the pairs of blocks in the same order for both parts of the experi-
ment. Immediately before the second part, the participants filled
out a questionnaire about language background, which took them
approximately 5 min to complete.

The experimenter presented each stimulus card one at a time,
while checking a score sheet that contained the correct responses.
The experimenter, however, could not see the front of the cards and
so was blind to the conditions that a participant was exposed to. A
stopwatch was used to record the RTs (in seconds) required for each
participant to complete each card. Any errors were marked on the
score sheets.

RESULTS

The RTs were analyzed separately for Japanese and
English responding. In each case, a 2 � 2 � 2 repeated
measures analysis of variance was conducted, with Japa-
nese word type block pair (LWs or TCTs), stimulus lan-

Table 1
Word and Control Stimuli of Three Orthographies

Three Types of
Orthographies Color Words and Control Stimuli

English blue red green
•••• ••• •••••

Katakana (LWs)
••• ••• ••••

Hiragana (TCTs)
•• •• •••

Note—LW, loan word; TCT, traditional color term.
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guage (English or Japanese), and stimulus type (words or
control) as factors. Also, an analysis restricted to the
between-language conditions was conducted in each
case, and an analysis comparing response languages was
conducted that was restricted to the between-language
conditions. For all of these analyses, the effect of stimu-
lus type was used as an index of the Stroop effect.

Japanese Responding
Error rate was minimal; only 11 participants made er-

rors. The mean percentage of cards with one or more errors
was 3.9%. To mitigate the problem of outliers in the RTs,
all RTs over 2.5 standard deviations from the mean for a
given condition were truncated to exactly 2.5 standard
deviations from the mean; there were 40 outliers in total
(2.3%).

The results are summarized in Table 2. An overall
Stroop effect was evident because responses to words
(5.14 sec) were significantly slower than those to the
control bullets [4.30 sec; F(1,23) � 183.59, MSe � 0.18,
p � .001]. In addition, the participants were slower over-
all when the Japanese word type block pair consisted of
LWs (5.06 sec) than when it consisted of TCTs [4.37 sec;
F(1,23) � 87.30, MSe � 0.26, p � .001], perhaps in part
because of the greater frequency in the language of the
TCTs. Although there was no overall difference between
English and Japanese stimuli, the effect of stimulus lan-
guage depended on Japanese word type block pair
[F(1,23) � 7.09, MSe � 0.11, p � .05]. In particular, re-
sponses to English stimuli were faster than those to Japa-
nese stimuli with the TCT block pair (English, 4.27 sec;
Japanese, 4.47 sec), but not with the LW block pair (En-
glish, 5.09 sec; Japanese, 5.03 sec). Also importantly, the
Stroop effect was larger overall for the LW block pair
(words, 5.55 sec; control, 4.58 sec) than for the TCT
block pair [words, 4.72 sec; control, 4.02 sec; F(1,23) �
18.90, MSe � 0.05, p � .001.]

The difference between the magnitude of the Stroop ef-
fect for LW and for TCT block pairs tended to be greater
with English stimuli than with Japanese stimuli; however,
the three-way interaction of stimulus language, Japanese

word type block pair, and stimulus type did not reach sta-
tistical significance [F(1,23) � 2.57, MSe � 0.08, p � .10].

Of greatest theoretical interest is the magnitude of the
Stroop effect between languages, especially given find-
ings from earlier studies (e.g., Brauer, 1998) that the
Stroop effect for fluent bilinguals is minimal between
languages that do not have a similar orthography. A sep-
arate analysis was therefore conducted on only the En-
glish stimuli. This analysis provided statistical evidence
that the Stroop effect was significant overall and that it
was signif icantly larger for the block pair with LWs
(phonologically similar to the English words) than for
the block pair with TCTs (phonologically dissimilar to
the English words). Specifically, the main effect of stim-
ulus type was significant [F(1,23) � 137.35, MSe �
0.11, p � .001], as were the main effect of Japanese word
type block pair [F(1,23) � 121.69, MSe � 0.13, p �
.001] and, importantly, the interaction between stimulus
type and Japanese word type block pair [F(1,23) � 14.72,
MSe � 0.07, p � .001].

Separate t tests assessing the magnitude of the Stroop
effect were significant for each combination of stimulus
language and Japanese word type block pair [t(23) �
6.86, p � .001, in each case].

English Responding
Error rate was minimal; only 10 participants made er-

rors. The mean percentage of cards with one or more er-
rors was 4.1%. There were 36 outliers in total (2.1%),
and these were truncated in the same manner as with
Japanese responding.

The results are summarized in Table 3. An overall
Stroop effect was evident because responses to word
stimuli (4.74 sec) were significantly slower than those to
control stimuli [4.02 sec; F(1,23) � 242.54, MSe � 0.10,
p � .001]. Also, the participants were slower overall
when the Japanese word type block pair consisted of
LWs (4.44 sec) than when it consisted of TCTs [4.33 sec;
F(1,23) � 6.21, MSe � 0.10, p � .05]. Furthermore, re-
sponses were slower overall to English (4.43 sec) than to
Japanese (4.33 sec) stimuli [F(1,23) � 8.52, MSe � 0.06,

Table 2
Japanese Responding: Mean Response Times (in Seconds) and Standard Errors of the Means as
a Function of Japanese Word Type Block Pair (LWs or TCTs), Stimulus Language (English or

Japanese), and Stimulus Type (Words or Control)

Stimulus Language

Japanese Word Type Stimulus English Japanese

Block Pair Type M SE M SE

LWs (Katakana) Words 5.60 .14 5.50 .15
Control 4.59 .11 4.56 .14

Difference (Stroop effect) 1.01 (between) 0.94 (within)

TCTs (Hiragana) Words 4.57 .13 4.87 .15
Control 3.97 .12 4.07 .13

Difference (Stroop effect) 0.60 (between) 0.80 (within)

Note—“Between” refers to interference between two different languages (i.e., the stimulus and response lan-
guages differ), and “within” refers to interference within a single language (i.e., the stimulus language and
response language are the same). LW, loan word; TCT, traditional color term.
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p � .01]. And the Stroop effect was larger overall for En-
glish stimuli (words, 4.86 sec; control, 4.01 sec) than for
Japanese stimuli [words, 4.63 sec; control, 4.03 sec;
F(1,23) � 21.90, MSe � 0.03, p � .001]. In addition, the
effect of stimulus language depended on Japanese word
type block pair: Responses to English stimuli were slower
than those to Japanese stimuli with the TCT block pair
(English, 4.44 sec; Japanese, 4.21 sec), but not with the
LW block pair [English, 4.42 sec; Japanese, 4.46 sec;
F(1,23) � 16.62, MSe � 0.05, p � .001]. Importantly,
the Stroop effect was larger overall for the LW block pair
(words, 4.86 sec; control, 4.02 sec) than for the TCT
block pair [words, 4.63 sec; control, 4.02 sec; F(1,23) �
28.04, MSe � 0.02, p � .001].

The difference between the magnitudes of the Stroop
effect for the LW and the TCT block pairs was larger
with Japanese stimuli than with English stimuli. Alter-
natively, the difference between the magnitudes of the
Stroop effect with the English stimuli and with the Japa-
nese stimuli was larger for the TCT block pair than for
the LW block pair. The three-way interaction of stimulus
language, Japanese word type block pair, and stimulus type
was significant [F(1,23) � 4.91, MSe � 0.04, p � .05].

Of greatest theoretical interest is the magnitude of the
Stroop effect between languages. A separate analysis
was conducted that was restricted to the Japanese stim-
uli. This analysis provided statistical evidence that the
Stroop effect was significant overall and was signifi-
cantly larger for the block pair with LWs than for the
block pair with TCTs. The main effect of stimulus type
was significant [F(1,23) � 125.89, MSe � 0.07, p �
.001], as were the main effect of Japanese word type
block pair [F(1,23) � 15.99, MSe � 0.09, p � .001] and,
most important, the interaction between stimulus type
and Japanese word type block pair [F(1,23) � 40.15,
MSe � 0.02, p � .001].

Separate t tests assessing the magnitude of the Stroop
effect were significant for each combination of stimulus
language and Japanese word type [t(23) � 8.03, p �
.001, in each case].

Comparing Japanese and English Responding
In an analysis comparing Japanese and English re-

sponding restricted to the between-language conditions, all
main effects and interactions were significant (F � 7.30,
p � .05), except the three-way interaction of response lan-
guage, Japanese word type block pair, and stimulus type
[F(1,23) � 1]. Most important, the interaction of Japanese
word type block pair and stimulus type was significant
[F(1,23) � 38.04, MSe � 0.05, p � .001], documenting
the larger Stroop effect with LWs (words, 5.22 sec; con-
trol, 4.33 sec) than with TCTs (words, 4.49 sec; control,
3.99 sec). The lack of the three-way interaction shows that
this pattern did not depend on response language.

DISCUSSION

Despite the fact that English and Japanese are dissim-
ilar languages, strong evidence was found in both parts
of the present experiment for between-language inter-
ference. This interference seems to be based, in part, on
phonological similarity between the color words in the
two languages. Regardless of response language, there
was significantly more interference between English and
Japanese when the color terms were phonologically sim-
ilar. An examination restricted to the cross-language tri-
als for both response languages provided strong evi-
dence that the Stroop effect was larger for the LWs than
for the TCTs in each case. Because the LWs and the
TCTs are equally dissimilar from English in terms of
their orthography but only the LWs are similar to English
phonologically, this finding strongly implicates the in-
volvement of unintentional phonological processing in
lexical access. Although orthography can play a role in
the Stroop task, the relative contributions of orthography
and phonology were not compared in the present study.
Holding orthography essentially constant does neverthe-
less strongly demonstrate an effect of phonological pro-
cessing independent of orthography.

The role of phonology in lexical access has been quite
controversial. Some investigators have argued that phono-

Table 3
English Responding: Mean Response Times (in Seconds) and Standard Errors of the Means as a

Function of Japanese Word Type Block Pair (LWs or TCTs), Stimulus Language (English or
Japanese), and Stimulus Type (Words or Control)

Stimulus Language

Japanese Word Type Stimulus English Japanese

Block Pair Type M SE M SE

LWs (Katakana) Words 4.88 .13 4.85 .13
Control 3.97 .12 4.07 .12

Difference (Stroop effect) 0.91 (within) 0.78 (between)

TCTs (Hiragana) Words 4.84 .12 4.42 .13
Control 4.05 .10 4.00 .13

Difference (Stroop effect) 0.79 (within) 0.42 (between)

Note—“Between” refers to interference between two different languages (i.e., the stimulus and response lan-
guages differ), and “within” refers to interference within a single language (i.e., the stimulus language and
response language are the same). LW, loan word; TCT, traditional color term.
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logical codes necessarily mediate lexical access (see
Frost, 1998, for a summary), on the basis of evidence
from semantic categorization (e.g., Van Orden, 1987),
backward visual masking (e.g., Perfetti, Bell, & Delaney,
1988), primed naming (e.g., Lukatela & Turvey, 1994),
and Stroop (e.g., Spinks, Liu, Perfetti, & Tan, 2000;
Tzelgov et al., 1996) tasks. In contrast, other investigators
have not found phonological effects (e.g., Damian &
Martin, 1998; Davelaar, Coltheart, Besner, & Jonasson,
1978). For example, in a picture–word interference task,
Damian and Martin found an effect of distractors se-
mantically related to the picture to be named (e.g., the
word pear for the picture of an apple) but no comparable
effect of distractors that were homophones of words se-
mantically related to the picture (e.g., the word pair for
the picture of an apple). Thus, Damian and Martin con-
cluded that access to word meaning does not always in-
volve phonology. Note that the pictures in their task were
analogous to the colors in our Stroop task and that the
homophone distractors in their task were analogous to
the LWs in our task. Although Damian and Martin did
not find effects of such distractors, we did find effects of
the LWs in our study. Thus, our results are consistent with
the opposite conclusion—namely, that access to word
meaning does necessarily involve phonology, even when
word access is unintentional.

One crucial difference between our procedure and that
of Damian and Martin (1998) that may account for the
discrepancy between the two sets of findings is that the
target to be named and the written distractor word were
semantically dissimilar in the study of Damian and Mar-
tin (e.g., the picture of an apple and the word pair) but
were semantically similar in the present study (e.g., the
ink color red and the LW meaning blue). The study
by Spinks et al. (2000), in which Chinese characters
were used as stimuli, provides two types of support for
the contribution of semantic similarity to interference in
lexical access. First, actual color words yielded signifi-
cantly greater Stroop interference than did color–word
homophones. Second, semantic associates that were not
phonologically similar to color words yielded significant
interference as well. However, the findings by Spinks
et al. also suggest that phonological similarity does not
necessarily need to be coupled with semantic similarity
to yield Stroop interference. They found that interfer-
ence by color–word homophones was statistically sig-
nificant, despite the lack of semantic similarity. Like-
wise, Tzelgov et al. (1996) found that interference by
cross-script homophones was always significant when
the homophones sounded like words in the participant’s
L1, despite the fact that the homophones were nonwords
in the language in which they were printed. However,
Tzelgov et al. did not find significant interference when
the cross-script homophones sounded like words in the
participant’s L2 unless the participant was aware that the
stimuli had meaning in L2. Furthermore, on the basis of
their Experiment 6, Tzelgov et al. postulated different
processing mechanisms for the Stroop effect found with

cross-script homophones and with regular words. Evi-
dence for phonological processing of cross-script homo-
phones is not as surprising as evidence for phonological
processing of regular words, because the alternate direct
access route from the visual pattern to meaning is un-
available with cross-script homophones but is available
with regular words. In the present study, in which regu-
lar words in their familiar script, rather than cross-script
homophones, were used, interference was found for both
English (L2) and Japanese (L1) stimuli under both En-
glish and Japanese responding. Thus, our results confirm
and extend the conclusions of Tzelgov et al.

In the present study, in which proficient bilingual
speakers were employed, between-language Stroop in-
terference was found to be large in both experiments
when LWs and Katakana were employed. In fact, between-
language interference was as large as within-language in-
terference when the colors of these words were named in
Japanese. This finding seems inconsistent with previous
results from highly proficient bilingual speakers of dis-
similar language pairs (e.g., Chinese–English and English–
Greek; Brauer, 1998). Instead, it resembles more strongly
the previous findings from highly proficient bilingual
speakers of similar language pairs (e.g., English–German
and German–English; Brauer, 1998). These results imply
that orthographically dissimilar languages containing
words that are phonologically similar may be processed
in the same way as similar languages. Furthermore, these
results imply that the multiple access model, which in-
cludes all three links in Figure 1, is appropriate for highly
proficient bilinguals of orthographically dissimilar lan-
guage pairs in some cases—namely, when there is phono-
logical similarity between matching words in the two
languages.

Thus, the present results support the existence for
highly proficient bilinguals of direct links connecting
matching words in the two languages (i.e., the A link in
Figure 1, such as that connecting blue in English with

in Katakana) even for orthographically dissimilar
languages if the matching words are similar phonologi-
cally (as well as semantically). However, even though the
matching words that are phonologically similar (e.g.,
blue and ) may have direct links for a given highly
proficient bilingual individual, other matching words in
the same languages may not have such direct links for
the same individual if the matching words are not phono-
logically similar (e.g., bread in English and [pan] in
Katakana may not have direct links). Thus, the multiple
access model may not apply uniformly to all matching
words for a given highly proficient bilingual individual.
More generally, the operative links connecting the two
lexicons for any bilingual speakers may not be the same
for all matching words and may depend on the phono-
logical similarity of the matching words.

The possibility that the existence and strength of a link
connecting two lexicons varies across specific matching
words can be understood using the theoretical framework
of a network model, such as that proposed by Cohen,
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Dunbar, and McClelland (1990) for the Stroop task, in
which there are separate nodes and connecting pathways
for different words and these vary in strength. Such mod-
els have been recently criticized by Roelofs (2003) be-
cause they are unable to give a complete account of the
time course of the Stroop phenomenon. Roelofs proposed
an alternative hybrid model that contains a production
rule system as well as spreading activation. The within-
and between-language bilingual Stroop effects are ex-
plained in Roelofs’s model by the same theoretical mech-
anisms as those employed to account for response set ef-
fects (i.e., larger Stroop effects when the color words are
from the set of ink colors used in the experiment; e.g.,
Klein, 1964)—namely, by assuming that attention is se-
lectively allocated to potential responses. However, it is
not clear that such a mechanism could explain our find-
ing that between-language interference can be as large
as within-language interference when there is phonolog-
ical similarity between the words in the two languages,
because the words in the alternate language would not be
potential responses even when they are phonologically
similar to the response set members. Our results, there-
fore, not only challenge current models of bilingual word
processing, but also challenge current models of the
Stroop effect.
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