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Do Cross-Language Script Differences Enable Bilinguals to
Function Selectively When Speaking in One Language Alone?
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Abstract

The present study examined the role of script in bilingual speech planning by comparing the
performance of same and different-script bilinguals. Spanish-English bilinguals (Experiment 1)
and Japanese-English bilinguals (Experiment 2) performed a picture-word interference task in
which they were asked to name a picture of an object in English, their second language, while
ignoring a visual distractor word in Spanish or Japanese, their first language. Results replicated the
general pattern seen in previous bilingual picture-word interference studies for the same-script,
Spanish-English bilinguals but not for the different-script, Japanese-English bilinguals. Both
groups showed translation facilitation, whereas only Spanish-English bilinguals demonstrated
semantic interference, phonological facilitation, and phono-translation facilitation. These results
suggest that when the script of the language not in use is present in the task, bilinguals appear to
exploit the perceptual difference as a language cue to direct lexical access to the intended language
earlier in the process of speech planning.
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INTRODUCTION

Although bilinguals are able to speak each language without apparent intrusion of the

other language, experimental studies demonstrate that both languages are active even when
utterances are planned in one language alone and that bilinguals eventually select the
intended language (see Costa, 2005; Kroll et al., 2006, Kroll et al., 2008, for reviews). A
notable feature of much of the research on this topic is that it has examined the performance
of bilinguals whose two languages use the same written script and are therefore potentially
ambiguous with respect to language status. For speakers of languages like Dutch and
English or Spanish and Catalan, there are many words that have similar orthography and
phonology. Cross-language ambiguity may extend the process of language selection because
ambiguity may increase cross-language competition. The question we ask in the present
paper is whether differences in the written script of two languages can effectively reduce
activation of the language not in use to allow bilinguals to select the target language, the
language of production, earlier in the process of speech planning. If bilinguals can exploit
cross-language differences to enable lexical access to be language selective, they may be
better able to constrain the scope of competition and reduce functional demands on control
processes. We examined this question by comparing the performance of Spanish-English
and Japanese-English bilinguals in a picture-word interference task.

Past studies on different-script word production have reported findings that are similar to
those for same-script production in that the consequences of cross-language competition
appear to be evident (e.g., Hoshino and Kroll, 2008; Guo et al., 2011; Misra et al., 2012;
Moon and Jiang, 2012). For example, Hoshino and Kroll (2008) found that both Japanese-
English and Spanish-English bilinguals produced cognate facilitation in a simple picture
naming task in English, their second language (L2). In simple picture naming, the written
script of each language is absent but Hoshino and Kroll hypothesized that a bilingual’s
experience with two languages that differ not only in script but in a variety of lexical and
syntactic features might also serve as a cue to allow speech planning to be selective. Finding
significant cognate facilitation for Japanese-English bilinguals means that the phonology of
the Japanese name of the picture was activated when planning to speak the word in English.
However, finding phonological activation of the first language (L1) during speech planning
in L2 in the absence of the printed word in L1 does not mean that script information is
unimportant when it is present; it is only that it does not appear to modulate processing
when it is absent.

Although it might seem that the written lexical form should not influence word production,
there is a great deal of evidence to suggest that semantics, phonology, and orthography

are active to some degree in both comprehension and production (e.g., Tan and Perfetti,
1999; Damian and Bowers, 2003; Ziegler et al., 2003; Chéreau et al., 2007; Bi et al.,

2009; Pattamadilok et al., 2009; Zhang et al., 2009; Zhang and Weekes, 2009; Rastle et

al., 2011). The effects of orthography on production depend on task demands and have

been reported to be reliable only when the written lexical form is overtly present in the

task such as form preparation and picture-word interference paradigms (e.g., Roelofs, 2006;
Alario et al., 2007; Damian and Bowers, 2009). The resonance across lexical codes suggests
that each code may eventually activate whatever information is similar to it both within
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and across languages. For different-script languages, the implication is that the presence of
phonological overlap may be sufficient to observe cross-language interactions. However, the
cross-language phonological effect of the sort that Hoshino and Kroll (2008) reported does
not mean that different-script bilinguals are unable to exploit language-specific cues when
the words are actually present. The current study asks the question of whether different-
script bilinguals can exploit script differences when the words are actually present in the
task.

Models of lexical access in bilingual word production must address the locus and manner
of language selection if the intention to speak one language alone is not sufficient to restrict
activation to that language (for reviews, see Costa, 2005; Kroll et al., 2006; Kroll et al.,
2008). Although past bilingual research concurs with the view of nonselective activation,
particularly in L2 production, there has been debate over the manner of selection. At issue
is whether all activated lexical alternatives become candidates for selection. According to
language-nonspecific (competition for selection) models, candidates from both languages
are active competitors (e.g., Hermans et al., 1998; Kroll et al., 2008; Hoshino and Thierry,
2011). On this view, there may be inhibition of alternatives in the unintended language (e.g.,
Meuter and Allport, 1999; Philipp and Koch, 2009). In contrast, language-specific models
(e.g., Costa et al., 1999) assume that lexical alternatives may be active in both languages but
only those in the response language are considered for selection. Kroll et al. (2008) describe
this as a “mental firewall” model because the assumption is that activity on the wrong side of
the firewall has little consequence for lexical selection. Alternatively, some models assume
that there is no competition even within a language in the process of lexical selection. The
Response Exclusion Hypothesis posits that the target and non-target alternatives compete at
a post-lexical level, not at a lexical level (Mahon et al., 2007).

In theory, cross-language script differences could affect activation and/or selection. If script
differences provide categorical cues to language membership, then there might not be

any activation of the non-target language or that activation might subside more quickly
relative to a same-script language. The results of Hoshino and Kroll (2008) suggest that

in the absence of perceptual information that might cue the language of production, there
appears to be similar activation of the non-target language for same and different-script
bilinguals. Thus, knowledge of the different script alone does not seem to suffice to reduce
the activation of cross-language phonology. Alternatively, both languages might be activated
but the different script information might better enable selection to occur at an earlier

stage of speech planning than otherwise possible. Again, the presence of similar cognate
facilitation for both same and different-script bilinguals suggests that different language
script itself does not alter the locus of language selection. However, without an explicit test
of how the other language script is processed when it is perceptually present, it is premature
to conclude that script does not influence cross-language activation or selection.

Debate in the past literature on bilingual language production regarding the locus and
manner of selection results in part from the use of different experimental paradigms. Many
bilingual production studies used the picture-word interference paradigm in which bilinguals
name a picture in one language while ignoring a visually or auditorily presented distractor
word in the same or other language (e.g., Hermans et al., 1998; Costa and Caramazza, 1999;
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Costa et al., 1999; Costa et al., 2003; Knupsky and Amrhein, 2007; Hoshino and Thierry,
2011; Boukadi et al., 2015; Giezen and Emmorey, 2016). In these experiments, the relation
between the distractor word and the picture’s name is varied along with the timing of the
distractor presentation relative to the picture, and the language of the distractor. The logic
of these studies is to examine the time course of distractor effects as a way of identifying
the activity of the non-target language during each stage of production. Past research using
picture-word interference has reported compelling effects of the language not in use. The
evidence on picture-word interference with same-script bilinguals suggests that even when
bilinguals are producing words in one language alone and the distractor is in the same
language as production, there is momentary activation of the other language (e.g., Hermans
et al., 1998; Hoshino and Thierry, 2011). In other words, the non-target language is activated
in single language as well as mixed language contexts.

Although most of the past research using the picture-word interference paradigm has
examined the performance of bilinguals whose languages share the same Roman alphabets,
a few studies have examined the effect of language similarity on cross-language activation
and lexical selection. Boukadi et al. (2015) replicated past findings for same-script bilinguals
in a group of different-script Arabic-French bilinguals, with the distractor presented
auditorily in the non-target language. However, no cross-language effect was observed
when the language of the distractor was the same as the target language, the language

of production. Similarly, Giezen and Emmorey (2016) showed that hearing bilinguals

who were proficient users of English and American Sign Language (ASL), activated
English when naming pictures in ASL. One noticeable finding of this study was that

unlike past picture-word interference research with same-script bilinguals (e.g., Hermans
etal., 1998; Costa et al., 1999; Hoshino and Thierry, 2011) and different-script bilinguals
(Boukadi et al., 2015), no semantic interference effect was observed for bimodal bilinguals
when they ignored semantically related English words while producing ASL. Giezen and
Emmorey (2016) suggested that semantically related English distractor words and target
ASL signs do not compete in the post-lexical articulatory buffer or that there might be

time course differences between sign production and spoken word production. Although
bimodal bilinguals can produce two languages (both signs and words) simultaneously unlike
unimodal bilinguals, the control mechanism involved in the process of speech production
is more similar than different (e.g., Blanco-Elorrieta et al., 2018; Emmorey et al., 2020a).
The important point of these past studies with different-script and bimodal bilinguals is
that there was cross-language activation when distractor words were presented auditorily in
the non-target language. It is possible that different scripts would modulate cross-language
activation if the distractor words were presented visually rather than auditorily.

What evidence exists that visually presented distractors might provide cues to the language
of production? Miller and Kroll (2002) reported evidence for the language cue hypothesis
in a translation Stroop study with same-script bilinguals. The translation Stroop task is
formally similar to picture-word interference but instead of a picture as the initiating

event, a word is presented for translation. The task is to translate the word as quickly

as possible while ignoring a distractor word. When the distractor word appeared in the
language of production (e.g., see a word in Spanish to be translated into English and

the distractor word appears in English), Miller and Kroll found semantic interference and
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form facilitation replicating previous translation and picture-word interference studies (La
Heij et al., 1990). However, when the distractor word appeared in the language of the

target word to be translated (e.g., see a word in Spanish to be translated into English but

the distractor appears in Spanish), they found that there was neither semantic interference
nor form facilitation. They argued that in translation, unlike picture naming, there is a

cue to language membership available in the target word that initiates speech planning.

If the word appears in Spanish in a translation task, the bilingual knows not to speak
Spanish. If script differences function as explicit cues to language status and if bilinguals
can exploit language-specific information, then the process of planning the spoken utterance
becomes similar to a within-language process in which only candidates in the language to
be produced compete for selection. Because English and Japanese differ in script, there may
be stronger cues for language status than for English and Spanish. Indeed, color Stroop
studies with different-script bilinguals and trilinguals have demonstrated that when two or
three languages differ in script, bilinguals and trilinguals experience less cross-language
interference (e.g., Smith and Kirsner, 1982; Chen and Ho, 1986; Brauer, 1998; Lee and
Chan, 2000; Van Heuven et al., 2011).

We note that the results of color Stroop studies are limited given that they include only
color names and the number of mappings is small. Therefore, in the present study, we

used a picture-word interference paradigm, which allowed us to include a variety of
conditions. Similar to past bilingual studies that have used this paradigm, the experiment
we report included four types of distractor words in relation to the name of the target
picture: phonologically related to the picture name, semantically related to the picture
name, phonologically related to the translation of the picture name (phono-translation),

and the translation of the picture name. Each of these distractor words was matched with

an unrelated control. Same-script Spanish-English bilinguals (Experiment 1) and different-
script Japanese-English bilinguals (Experiment 2) were asked to name noncognate pictures
in their L2 English while ignoring visually presented distractors in their L1 Spanish or
Japanese. In other words, the present study examined picture naming in L2 in the presence
of distractors in L1 because those are the conditions that typically produce the largest
cross-language effects. For Spanish-English bilinguals, we expected to replicate previously
reported results, i.e., phonological facilitation, semantic interference, phono-translation
interference, and translation facilitation. On the other hand, if distractor words in a different-
script language provide a language cue to production that bilinguals are able to exploit,
there should be no effect of distractor conditions when Japanese-English bilinguals produce
picture names in English in the presence of Japanese distractor words.

EXPERIMENT 1: SPANISH-ENGLISH BILINGUALS

Method

Participants—Forty-eight Spanish-English bilinguals participated in Experiment 1. They
were all living in the L2 environment at the time of testing. After completing the main
picture-word interference task, participants were given a language history questionnaire
(Tokowicz et al., 2004), an English lexical decision task (Azuma and Van Orden, 1997), a
semantic verbal fluency task (Linck et al., 2009), Simon task (Bialystok et al., 2004; Linck
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et al., 2008), and an operation span task (Tokowicz et al., 2004) as a means to match the
two bilingual groups. The results of the additional tasks describing the characteristics of the
participants (the language history questionnaire) and measuring their language proficiency
(the lexical decision task and the semantic verbal fluency task) and cognitive abilities/
resources (the Simon task and the operation span task) are summarized in Table 1.

Materials

Pictures. Sixteen black-and-white line drawings were sampled from Snodgrass and
Vanderwart (1980), Székely et al. (2003) and Székely et al. (2004) based on the following
criteria: 1) all pictures had noncognate names in English, Spanish, and Japanese; 2) all
pictures were typically written in kanji for Japanesel; 3) the phonological onset of the
English name of pictures was restricted to phonology that was shared with Spanish and
Japanese.2 In addition to the experimental pictures, eight filler pictures that met the first two
criteria were included in the present experiment. None of the fillers was the same as the
experimental pictures.

Distractor Words: For each of the pictures, four types of distractor words were selected

in Spanish: phonologically related to the English picture name, semantically related to the
English picture name, Spanish translation name of the English picture name, phonologically
related to the Spanish translation name of the English picture name (phono-translation) (see
Table 2 for examples). The following criteria were used to select each type of distractor:

1) distractors that were phonologically related to the English picture name or to the

Spanish translation of the English picture name were matched on phonological onset with
the English picture name and were not also semantically related to the target picture; 2)
semantically related distractors were largely from the same semantic categories and were
not phonologically related to the English or Spanish name of the picture. Each of these
related distractors had an unrelated control that was matched item-by-item based on length
(number of characters and syllables) and frequency [all ps > 0.10] (see Table 2). Because it
was not possible to match distractors across distractor types completely without weakening
the relation of the pair within each condition, we analyzed the data for each distractor type
separately. Each of the filler pictures also had a distractor word in Spanish. The complete set
of the experimental items is provided (Supplementary Appendix A).

In the present study, each experimental picture was presented eight times but with different
distractors so that none of the distractor words was repeated. Likewise, filler pictures

were also repeated eight times. Unlike the experimental trials, however, distractors for
filler pictures were each presented four times. Each list had eight blocks and each of

the eight blocks included 16 experimental pictures and eight filler pictures. There were
two items for each type of distractor and each of its unrelated controls per block for the

1\We included the criteria (2) and (3) to use an identical set of pictures for Experiments 1 and 2. In Japanese, some words can be
written both in kanji and in kana (hiragana and katakana), whereas others can be written only in kana (hiragana and katakana).
Although some words can be written in either writing system, there are preferences for one rather than the other. The preference was
determined by the frequency of each form (Amano and Kondo, 2000).

For example, “frog” was not included according to the third criterion because the consonant cluster/fr/was not possible in Japanese.
Although these criteria limited the number of items in the present experiment, it was critical to use these criteria to make the
contribution of phonologically related distractors equivalent for Spanish-English and Japanese-English bilinguals.
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experimental pictures. Each block started with two filler trials and the critical trials and the
rest of the filler trials were presented randomly within the block. The order of blocks was
counterbalanced across participants.

Procedure—Participants first received written instructions in English on the computer
screen. They were informed that a series of pictures would be presented with an L1
(Spanish) distractor word one at a time on the computer screen. Their task was to name

the pictured object in English as quickly and accurately as possible while ignoring the L1
distractor word. At the beginning of each trial, a fixation sign (+) was presented at the
center of the computer screen. At the press of a button, the fixation sign was replaced with
a blank screen and 500 ms after the offset of the fixation sign, a picture was presented.

A distractor word appeared in red at the center of the picture 25 ms after the onset of the
presentation of the picture. The picture and the distractor word were presented until the
participants responded or for 5,000 ms. If they did not know the name of the object, they
were told to say “no”. After they responded, a blank screen was presented for 500 ms and
a fixation sign appeared again. The 25 ms delay was included to ensure that participants
could first see the pictured object clearly. Eight practice trials were presented twice prior to
the experimental trials. The pictures and distractors used in the practice trials were different
from the experimental items.

Data Trimming Procedure—Recorded picture naming responses were first transcribed
and coded for accuracy. We included only the expected picture names as correct responses in
order to maintain the phonological manipulation. Responses that deviated from the expected
picture name, responses that started with an article or hesitation, and “no” responses were
scored as errors (5.6%). Responses that the microphone did not detect were eliminated as
technical errors (<0.1%). Correct responses that were less than 300 ms or greater than 2,500
ms were identified as outliers (1.1%) and excluded from the analyses.

Data Analysis—Statistical analyses were performed using linear and generalized mixed-
effects models (Baayen et al., 2008) in the Ime4 software package (v. 1.1.23; Bates et

al., 2015) in the R statistical software environment (v. 4.0.2; R Core Team, 2020). For
picture naming latency analyses, models had log response times (RTs) as the dependent
variable and distractor type (related or unrelated) as a dummy-coded fixed effect. For picture
naming accuracy, we ran logistic mixed-effects regression with accuracy as the dependent
variable and distractor type (related vs. unrelated) as a dummy-coded fixed effect. To guard
against Type | errors and increase generalizability (Barr et al., 2013), we attempted to fit
random effects including both random intercepts and random slopes. However, these models
returned a warning message for singularity (i.e., where one or more variances are estimated
as zero). To allow a non-singular fit, random slopes were removed and thus the random
effect structure for both RT and accuracy models contained only random intercepts for
participants and items.3

3per the editor’s suggestion, we conducted additional analyses including phonological similarity ratings and cognitive measures as
predictors, but we found that none of these contributed to model fit. Thus, they were not included in the final models.
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Table 3 shows mean picture naming latencies (ms) and accuracy (percent correct) across the
four distractor types. Naming latencies associated with related and unrelated conditions are
additionally shown in Figure 1. Full model outputs are provided (Supplementary Appendix
C).

Spanish-English bilinguals named pictures more slowly (8= -0.02, SE = 0.01, {=-2.90, p
=0.004, 95% CI [-0.03 to —0.01]) and less accurately (8=10.67, SE = 0.29, z=2.34, p=
0.019,95% CI [0.11-1.24]) when distractor words were semantically related than when they
were semantically unrelated. Furthermore, relative to unrelated controls, participants named
pictures faster when distractor words were phonologically related (8= 0.02, SE = 0.01, ¢
=2.46, p=0.014, 95% CI [0.00-0.03]), phonologically related to Spanish translations of
English picture names (8= 0.02, SE = 0.01, ¢=3.81, p< 0.001, 95% CI [0.01-0.04]), or
Spanish translations of English picture names (8 = 0.02, SE = 0.01, ¢=2.61, p=0.009,
95% CI [0.00-0.03]). Picture naming accuracy did not differ between related and unrelated
conditions for phonological (8= 0.08, SE =0.28, z=0.30, p=0.763, 95% CI [-0.46—
0.63]), phono-translation (8= —0.04, SE = 0.28, z= -0.14, p=0.889, 95% CI [-0.58-0.51])
or translation (8= -0.20, SE = 0.26, z=-0.76, p= 0.445, 95% CI [-0.70-0.31]) distractor

types.

In Experiment 1, Spanish-English bilinguals showed the effect of all the distractor
types—phonological facilitation, semantic interference, translation facilitation, and phono-
translation facilitation. In other words, we replicated the general pattern of results reported
for previous bilingual picture-word interference studies with bilinguals whose two languages
share the same Roman alphabets. This replication was found despite the fact that the
Spanish-English bilinguals in Experiment 1 did not share the same language profile with
respect to age of L2 acquisition, language environment, and language proficiency with the
bilinguals tested in the previously published studies (e.g., Hermans et al., 1998; Costa and
Caramazza, 1999; Costa et al., 1999; Hermans, 2000; Hermans, 2004; Costa et al., 2003;
Knupsky and Amrhein, 2007).

Although we replicated a general pattern of the results of previous bilingual picture-word
interference studies for Spanish-English bilinguals, one issue that requires additional
discussion concerns the phono-translation effect. The phono-translation distractor words in
Experiment 1 for same-script Spanish-English bilinguals produced facilitation rather than
interference. Hermans et al. (1998) found an effect of interference for phono-translation
distractors for Dutch-English bilinguals. A critical difference between their study and the
present study was in the stimulus construction. In Hermans et al., the distractor words were
phonologically related, semantically related, phono-translation, or unrelated, whereas the
present study included translation distractors in addition to those four types of distractors.
When translation names of pictures are included in the task, phono-translation distractors
appear to facilitate picture naming rather than interfere the process of speech planning. In
other words, just as translation distractor words facilitate the selection of target pictures,
phono-translation distractor words activate translation names of pictures and make lexical
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selection easier. In another study, we did find, like Hermans et al., that Spanish-English
bilinguals living in an L2 English environment showed phono-translation interference rather
than facilitation when the task did not include translation distractors (Hoshino and Thierry,
2011). This interpretation is also consistent with the results of Hermans et al. (2011)
showing that the presence of cross-language activation in a phoneme monitoring task was
sensitive to the composition of the experimental materials. Only when there were cognates
present in the list context, was cross-language activation observed.

In Experiment 2, we asked whether different-script Japanese-English bilinguals would

also show the same pattern of the results as same-script Spanish-English bilinguals in
Experiment 1. In the absence of a language cue, Spanish-English and Japanese-English
bilinguals perform similarly on a simple picture naming task (Hoshino and Kroll, 2008).

If Japanese distractors words provide a language cue to the language of production,

then Japanese-English bilinguals should show smaller cross-language effects than Spanish-
English bilinguals.

EXPERIMENT 2: JAPANESE-ENGLISH BILINGUALS

Method

Participants—Thirty-nine Japanese-English bilinguals who were living in the L2
environment at the time of testing participated in Experiment 2. They completed the
same set of tasks as Spanish-English bilinguals in Experiment 1. The characteristics of
the Japanese-English bilinguals are summarized in Table 1.

Materials

Pictures: The pictures were identical to those used in Experiment 1.

Distractor Words: For each of the pictures, four types of distractor words were selected

in Japanese: phonologically related to the English picture name, semantically related

to the English picture name, Japanese translation name of the English picture name,
phonologically related to the Japanese translation name of the English picture name (phono-
translation) (see Table 4 for examples). Similar to Experiment 1, the following criteria were
used to select each type of distractor: 1) the distractors that were phonologically related

to the English picture name or to the Japanese translation of the English picture name

were matched on phonological onset with the English picture name and were not also
semantically related to the target picture; 2) words were typically written in kanji; 4) the
semantically related distractors were identical to those in Experiment 1 (i.e., the English
translation of the semantically related distractors were the same). Each of these related
distractors had an unrelated control that was matched item-by-item based on length (number
of characters and syllables) and frequency [all ps > 0.10] (see Table 4). Each of the filler
pictures also had a distractor word in Japanese. The complete set of the experimental items
is provided (Supplementary Appendix B). The organization of the lists and blocks was
identical to the one in Experiment 1.
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Norming: Although phonologically related and phono-translation distractors were matched
on phonological onset with English picture names in both Experiment 1 and Experiment

2, an additional measure of phonological similarity of the distractors and picture names
was obtained to ensure that observed cross-language differences between Experiment 1 and
Experiment 2, if any, were due to script but not to differences in phonological similarity.
Fifteen English monolinguals who had not studied Spanish and 16 English monolinguals
who had not studied Japanese were asked to rate sound pairs according to how similar

two words sounded on a 7-point Likert scale with “1” being completely different and

“7” being identical.4 The sound pairs consisted of an English picture name and its
phonologically related or unrelated Spanish/Japanese distractor word and pairs consisting
of a Spanish/Japanese picture name and its phonologically related or unrelated Spanish/
Japanese distractor word. The English picture names were recorded by a female native
speaker of English and the Spanish and Japanese distractor words were recorded by female
native speakers of Spanish and Japanese, respectively. The sound file of each distractor word
in Spanish or in Japanese was combined with that of the target English picture name or the
target Spanish/Japanese picture name. A set of English-Spanish/Japanese sound pairs and

a set of Spanish-Spanish or Japanese-Japanese sound pairs were created. Each stimulus set
consisted of 32 sound pairs and therefore, each participant received 64 sound pairs.

The mean ratings for each condition are summarized by sound pairs in Table 5. A critical
result in the norming experiment was that monolingual English speakers perceived the
phonological similarity of related pairs to be greater than unrelated pairs in the phonological
condition [£15) = 7.61, p< 0.001 for English-Spanish pairs; {15) = 11.25, p< 0.001 for
English-Japanese pairs] and in the phono-translation condition [{15) = 17.68, p < 0.001 for
Spanish-Spanish pairs; {15) = 14.31, p < 0.001 for Japanese-Japanese pairs], regardless of
language pairs. Although care was taken to ensure that phonological similarity would be
similar across experiments, the English names of pictures and their phonologically related
Japanese distractors were rated as more similar than those of the English names of pictures
and their phonologically related Spanish distractors [#15) = 3.12, p< 0.01]. However, it

is important to note that if this difference in phonological similarity of items influences
bilingual performance, then Japanese-English bilinguals in Experiment 2 should show
greater phonological facilitation than Spanish-English bilinguals in Experiment 1, which
would counter the predicted reduction of distractor effects for different-script bilinguals.

Procedure—The same procedure was used as in Experiment 1 except for that the distractor
words were Japanese, not Spanish.

Data Trimming Procedure—The data trimming procedure was identical to Experiment
1. Errors (4.8%), technical errors (<0.1%), and outliers (1.0%) were excluded from the data
analyses.

Data Analysis—The same procedure was used as in Experiment 1.

4Two independent groups of English monolinguals were recruited to minimize the effect of speakers.
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Table 3 shows mean picture naming latencies (ms) and accuracy (percent correct) across the
four distractor types. Naming latencies associated with related and unrelated conditions are
additionally shown in Figure 1. Full model outputs are provided (Supplementary Appendix
C).

In contrast to Spanish-English bilinguals, Japanese-English bilinguals did not show a
semantic interference effect (naming latency: (8= 0.00, SE =0.01, £=0.29, p=0.772,

95% CI [-0.01-0.02]); naming accuracy: = 0.21, SE = 0.33, z=0.65, p=0.516, 95%

Cl [-0.43-0.85]). They also did not show relatedness effects in naming latency or accuracy
for phonological (naming latency: g=0.01, SE =0.01, £=1.21, p=0.228, 95% CI [-0.01-
0.02]; naming accuracy: 8= -0.07, SE = 0.30, z= -0.22, p=0.826, 95% CI —0.65-0.52]) or
phono-translation (naming latency: g = 0.00, SE = 0.01, £=0.26, p=0.796, 95% CI [-0.01-
0.02]; naming accuracy: 8= -0.16, SE = 0.32, 2= -0.48, p=0.628, 95% CI [-0.79-0.48])
distractor types. However, Japanese-English bilinguals named pictures faster when distractor
words were Japanese translations of English picture names than when they were unrelated (8
=0.02, SE =0.01, t=2.29, p=0.022, 95% CI [0.00-0.03]), but naming accuracy did not
differ in this condition (8= -0.25, SE = 0.32, z=-0.79, p= 0.431, 95% CI [-0.87-0.37]).

Unlike findings for simple picture naming, in which the performance of Spanish-English
and Japanese-English bilinguals was identical (Hoshino and Kroll, 2008), Spanish-English
bilinguals (Experiment 1) and Japanese-English bilinguals (Experiment 2) performed
differently on picture naming in the presence of language-specific distractor words.

Similar to Spanish-English bilinguals in Experiment 1, Japanese-English bilinguals showed
translation facilitation. Unlike Spanish-English bilinguals, however, they did not show
phonological facilitation, semantic interference, and phono-translation facilitation. The
absence of phonological and phono-translation effects might be due to the characteristics of
kanji scripts. Past research suggests that phonology is specified earlier in kana than in kanji,
whereas semantic access occurs earlier in kanji than in kana (e.g., Yamada, 1998; Ischebeck,
2004; Chen et al., 2007). A critical finding in the present study is that Japanese-English
bilinguals did not show semantic interference even with kanji distractor words, and this
finding is consistent with the results of the picture-word interference studies with bimodal
bilinguals (Giezen and Emmorey, 2016; Emmorey et al., 2020b). In sum, these results
suggest that when the distinctive script is present in the task, different-script bilinguals are
able to exploit the perceptual information as a cue to allow language selection to occur
earlier in speech planning relative to same-script bilinguals.

GENERAL DISCUSSION

The goal of the present study was to determine whether the degree of cross-language
activation and the locus of language selection could be modulated by script when the
task included an overt written lexical form. Spanish-English bilinguals (Experiment 1)
and Japanese-English bilinguals (Experiment 2) named pictures in their L2 English while
ignoring visually presented L1 (Spanish/Japanese) distractor words. The distractor words
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were manipulated in relation to the picture to create four conditions: phonological,

semantic, translation, and phono-translation. Unlike findings for simple picture naming,
Spanish-English and Japanese-English bilinguals in the present study performed differently
on picture naming in the presence of language-specific distractor words. In the picture-
word interference task, both groups showed translation facilitation, whereas only Spanish-
English bilinguals demonstrated phonological facilitation, semantic interference, and phono-
translation facilitation. In other words, we replicated a general pattern of the results

of previous bilingual picture-word interference studies for same-script Spanish-English
bilinguals, whereas the pattern of results differed for different-script Japanese-English
bilinguals.

We now consider why Japanese-English bilinguals showed translation facilitation, but

not phonological facilitation, semantic interference, and phono-translation facilitation. We
argue that when the distinctive script is present in the task, different-script bilinguals are
able to exploit the perceptual information as a cue to allow language selection to occur
earlier in speech planning relative to same-script bilinguals. According to this account,
lexical candidates from both languages are activated for a very brief period of time but
speech planning then becomes language-selective such that only lexical candidates from the
target language (i.e., English) compete for selection. As can be seen in Table 3, Japanese-
English bilinguals were faster to name pictures than Spanish-English bilinguals although

the two groups were matched on verbal fluency, which was a measure of productive

skills, and if anything, Spanish-English bilinguals appeared more proficient in English on
other measures. This difference might also reflect the early language selection by Japanese-
English bilinguals.® Indeed, this account is in line with studies showing that Chinese-English
bilinguals named images culturally matched with the language to be spoken faster than those
culturally mismatched (e.g., Jared et al., 2013; Li et al., 2013), that bimodal bilinguals did
not show semantic interference in naming pictures in American Sign Language (ASL) while
ignoring English distractor words (Giezen and Emmorey, 2016; Emmorey et al., 2020a),

and that Hebrew-English bilinguals read aloud mixed-language texts more accurately than
Spanish-English bilinguals (Fadlon et al., 2019). This is also compatible with studies
showing that different-script bilinguals coactivate the non-target language in a semantic
relatedness judgment task where the non-target language is only implicitly available (Thierry
and Wu, 2007; Degani et al., 2018).

On this account of “early selection”, distractors are unlikely to have an effect except

when they are the translation of the picture name because the phonological and semantic
representation of the distractor will be available only after language selection has occurred.
Why would there be an effect for translation equivalents but not for other semantic

related distractors? It appears that the semantic activation of the picture itself primed the
recognition of the distractor when it was the translation, i.e., the name of the picture,

5Alternatively, the absence of phonological, semantic, and phono-translation effects for Japanese-English bilinguals might have been
due to individual differences in the ability to ignore irrelevant information and in the availability of the amount of processing
resources. As shown in Table 1, the Japanese-English bilinguals produced a smaller Simon effect and a larger operation span than the
Spanish-English bilinguals. These cognitive measures did not improve model fit in both Experiment 1 and Experiment 2. However,

it is critical to investigate the extent to which cognitive control abilities as well as script differences can contribute to cross-language
distractor effects in future research.
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to create convergence among related conceptual nodes. There are two results in the past
literature that suggest that resonance among activated lexical codes may be a critical factor.
Previous studies of bilingual word recognition (e.g., Dijkstra et al., 1998) have shown that
cognates produce more robust cross-language effects than interlingual homographs. The
analogy with the present result is that semantic conflicts across languages can sometimes
be ignored whereas semantic convergence can almost never be ignored (see Schwartz and
Kroll, 2006, for an illustration of the same phenomenon within sentence context). Another
feature of the translation facilitation effect that is relevant to the present discussion is that
in experiments in which the SOA has been manipulated between the presentation of the
picture and distractor, translation facilitation only occurs very early. Because the data for
Japanese-English bilinguals suggest that they are not able to selectively ignore the Japanese
distractor words until some processing of the distractor has occurred, those processes that
reflect early interactions between the bottom-up activation of the word and the top-down
information engaged by the picture, are likely to survive the cross-language script difference.
In Emmorey et al. (2020a), in fact, ASL-English bilinguals showed the effect of relatedness
in the time window of 200-300 ms for the translation condition but not for the semantic
condition.

In the present study, both the Spanish-English and the Japanese-English bilinguals produced
translation facilitation, whereas only the Spanish-English bilinguals produced phonological
facilitation, semantic interference, and phono-translation facilitation. The pattern of these
results suggests that script differences modulate cross-language activation during production
when the written lexical form is perceptually available in one language. The distinctive
script appears to serve as a language cue to direct attention to the lemmas in the target
language alone at an earlier stage of speech planning, a finding that is in line with the
assumption that the flow of activation is nonselective but the manner of language selection
may be language-specific (e.g., Costa and Caramazza, 1999; Costa et al., 1999). In other
words, even if there is cross-language activation, the activation of lexical candidates from the
non-response language does not necessarily interfere with lexical selection in the intended
language if there is a basis on which the language of speaking can be selected in advance.
However, the fact that the presence of the script difference alone was not sufficient to

create an entirely selective, monolingual-like situation for the Japanese-English bilinguals,

is compatible with a model that assumes that all activated lexical candidates from both
languages compete for selection (e.g., Green, 1998). Different scripts may function to inhibit
unintended alternatives earlier in the process, thereby eliminating phonological facilitation,
semantic interference, and phono-translation facilitation, but they cannot override cross-
language activation entirely.

Alternatively, the Response Exclusion Hypothesis assumes that competition occurs at a post-
lexical level, not at a lexical level (Mahon et al., 2007). On this account, distractor words
activate their representations in the articulators prior to the picture. Because the articulators
are a single-channel buffer, non-target representations need to be excluded to articulate the
target picture name. When more features are shared between the target picture name and
distractors, it takes longer to reject non-target candidates from the buffer. The absence of the
distractor effects other than the translation facilitation for Japanese-English bilinguals may
be due to the fact that it takes longer to have access to the phonological properties of kanji
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distractor words. Unlike alphabetic writing systems, the pronunciation of a kanji character
is not transparent because its components do not correspond to the individual phonemes of
the pronunciation, which makes it take longer to retrieve the phonology of the character.
By the time kanji distractors activate the representations in the articulators, the language of
production is already selected.

Another possible account is based on a model that assumes that lexical alternatives in

the non-target language are further from the selection criteria (threshold) and thus are
rejected more easily than alternatives in the response language (Finkbeiner et al., 2006).
This threshold model posits that the bilingual’s intention to speak in one language activates
the target language more strongly than the non-target language and lexical candidates in

the target language will reach the threshold for selection more quickly. The absence of
phonological, semantic, and phono-translation effects for Japanese-English bilinguals might
be explained by the threshold account if we assume that the distinctive script does not meet
the selection criterion and lexical alternatives in the nonresponse language can be rejected
rapidly. However, if the absence of phonological, semantic, and phono-translation effects
were due to the adjustment of selection criteria, then translation facilitation should also have
not been obtained. It is important to note that in the present study, the distractor conditions
were mixed so that the Japanese-English bilinguals could not simply set a different threshold
strategically, depending upon the type of distractor words.

In summary, the present study replicated a general pattern of the results of past bilingual
picture-word interference studies for same-script bilinguals (Spanish-English) but only
partly for different-script bilinguals (Japanese-English). This specific pattern of the present
results suggests that when script is perceptually available, the degree of cross-language
activation and the locus of language selection is modulated by script differences between

the bilingual’s two languages. Based on the obtained results, we have argued that the

flow of activation in the mechanism of language production is fundamentally nonselective.
Language-specific differences such as script can serve as a language cue to allow the
bilingual to select the intended language earlier in the process of speech planning when

they are perceptually available. That is, these findings suggest that the locus of language
selection in bilingual speech planning is “not” fixed (see Kroll et al., 2006 for a review).

The fact that some, but not all, distractor conditions were effective for the Japanese-English
bilinguals is consistent with an account of bilingual production in which activated candidates
in the non-target languages are suppressed earlier in speech planning when language status
is available. If different-script bilinguals had been better able to attend to the target language
from the start, then no effects of the distractors should have been observed. In future
research, it will be critical to further examine the time course of language/lexical selection as
a function of type of bilingualism (same script vs. different script).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1].
Raincloud plots (Allen et al., 2019) showing distributions, boxplots, and raw data of

picture naming latencies (in milliseconds) for related and unrelated trials across semantic,
phonological, phono-translation, and translation distractor types for Spanish-English (Ieft)
and Japanese-English (right) bilingual groups. Statistical analyses were performed on log
transformed response times. Significance codes: ns = not significant, *p < 0.05, **p < 0.01,
***n<0.001.

Front Commun (Lausanne). Author manuscript; available in PMC 2022 April 12.



Page 20

Hoshino et al.

‘A10691e9 Jad siejdwaxa ueaw ayj s1 8109s Aduan|y [eqlan ay Pm

"sasayjualed Ul aJe SUOIIBIASD pJepuels

100'0> (Lv) o8 (€8) 9T (09-0) uswipn( uonenba Joj sioL3
100°0> (152) 2872 (5€2) Lesz (sw) Juswbpnl uonenbs 1oy 1y
100 (A (so1) 6'€E ,(09-0) ueds uoneiado
vL°0 (7€) 026 (cv) 196 (%) 3uanibuoaur 10} AoeINd2Y
910 (T12) 586 (L1) 166 (%) yuanibuod Joy Aoeinody
810 (02) 886 (97) 66 (%) rennau Joy Aoeinody
T00°0> (z9) 6TV (v6) €61 (sw) yusniBuooul 1oy 1Y
2000 (83) 06€ (26) oty (sw) JuaniBuod 1oy 1y
100°0> (es) vor (96) 997 (sw) [ennau Joy 1y
100 (zz2) 682 (vee) Loy (SW) ays uowis
9€'0 (02 ot 02 TTT pC 1 Ul Aouanyy feqion
ov'0 (218711 (62)zeT 11Ul Aouenyy [egion
v7°0 (0€) 5'e6 (L) Tv6 (%) p10Mm 10y AoBINODY
100 (8'01) 8'82 (9TT) €°€8 (%) pJomuou Joy AoBINooY
LT0 (LL1) B2L (¢T7) €89 (sw) piom Joj 1y
8T'0 (Tog) L10'T (092) L€6 (sw)piomuou 1o} 1
uoISId8p [BIIX8T
290 (TeL) T6L (T'8L) v'28 (stpuow) uoissawwi Jo Ybua
100 (Le)oor (81r)es (sreak) uonisinboe z Jo aby
86'0 (c92) 825 (8€2) 625 (%) abesn 271 Alre@
160 (8'92) 5'6€ (Tse) cey (%) abesn 171 Ajreq
100°0> (81)02L (e1) g8 (areas 3d 0T) Bues-y1s 21
110 T1716 (80 v'6 (o1eas 1d Q1) Bunes-yjes 17
2e0 ez (6'9) L'G¢ (s1eak) aby
(zwowiledxg) (T wewiedx3)
d usibuz-esoueder  UsIBu3-usiueds aunses N

"sainseaw aAIIubos pue Aouaioijoid uo (z Juawiiadx3) sjenbuljig ysijbu3g-ssaueder pue (T uswiadx3) ysijbu3g-ysiueds Jo suostiedwo)

Author Manuscript

[ T31gvL

Author Manuscript

Author Manuscript

Author Manuscript

Front Commun (Lausanne). Author manuscript; available in PMC 2022 April 12.



Page 21

Hoshino et al.

"$19113N0 SE PaJaPISU0D 10U 818M YoIym ‘wswBpnl uoienbs sy 0} sasuodsal 1081100 Buowe 11081100 Pa)[eoal 818M Jey) SPIOM S0 Jaguinu 8y} st ueds uonesado ay IN

*SUOINPUO JUBNIBUOOUI PUE JUBNIBUOD UBBMISY S1 Ul 30UBIBNIP 8Y1 SI 198148 LOWIS 8y Pq

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Front Commun (Lausanne). Author manuscript; available in PMC 2022 April 12.



Page 22

Hoshino et al.

'824N0S 8y} WO} SanjeA ay) uo paseq paindwod sem Aouanbaly 6oj pue (G66T) SO18ND pue epawey Woly sem Aousnbai4

'sasayuated ypm papinoad si sajgelIAs 40 Jaguinu ayy pue sasayuated INOYIM papiAcd SI SI8N3] JO JBQUINU By L .

2)

'sasayiuased ul uaAIb SI pIoM 1010e1ISIP 8Y) JO UOIIe|SURL) By L 1)
(9°2) 8 (92 8¢s €09'T $19'T (uoabid) ewoped  (maydau) ougos  uole|SUBJI-OUOYd
(zades (zdes G902 1902 (uew) axquioy  (adojanua) aiqos uolye|suel L
(9219 (W) 8s 618'T Gel'T (ss011d) seyeatfe  (piresisod) ejaliey onuewss
w2 os (e€dvs 7002 GT0C (93ux) eliipol (Bn1d) aynyous [ed1Bojouoyd

peleplunN  peRpY  PeRPIUN  peleRY parepun porepy

yibue Aouenba 14 so|dwex3 adA} Jopeusig

'$1019R.A1SIP ysiueds JO SoNsLIsdRIRYD pue ssaupale|al pue adA) Jo1oensip Aq .adojanus,, aimaid ay) 10} s1010e11SIp JO Sajdwex]

|z 31gvL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Front Commun (Lausanne). Author manuscript; available in PMC 2022 April 12.



Page 23

Hoshino et al.

(e eve (T2 zs6 (¥'2) 6'¢6 (z2) Lv6 uonejsuel L
(z2) 816 (T2 v's6 (c2) 676 (c2) 196 uofe|sue.}-ouoyd
(e ev6 (€2 sv6 (T2) zs6 (z2) 676 [eaifojouoyd
(T2 zs6 (e sv6 (02) 096 (¥'2) 8'¢6 oljueWas
(1931109 94) AoRINIDY
(692) /L (¥82) 8vL (L22) 258 (e52) 618 uonejsuelL
(LL2) €6L (0L2) 981 (282) 618 (eL2) T€8 uope|sue-0UOYd
(922) 682 (582) 182 (182) 198 (s82) ves [edtfiojouoyd
(eL2) 68L (80¢) ¥6L (522) vv8 (Sog) 188 oNUBWAS
(sw) Aouare
perepIuN parepy perep.un perepRy

Senbuliq ystpuZ-essueder

SEenburiq UsIPUZ-sIueds

Z Wl edxg

T Wewedxg

adA} Jopeusig

"Z Wawiiadx3 pue T uswiiadx3 ul Sjel) palejaiun pue pajejal 10) (SIsayiuaied ul UOIRIASP plepurls) Adoeindde pue Salduale| ueaw Bulweu ainiold

Author Manuscript

| €319Vl

Author Manuscript

Author Manuscript

Author Manuscript

Front Commun (Lausanne). Author manuscript; available in PMC 2022 April 12.



Page 24

Hoshino et al.

'804N0S 3y} WOJ} SanjeA ay) uo paseq paindwiod sem Aouanbaly 6oj pue (000Z) OPUOY pue ouBWY WO} Sem Aduanbaly

'sasayuated Uim papinoid s 9BI0W JO Jaquinu ay) pue sasayiussed INoylM papiAoid S s1s)oeseyd JO Jagquinu 8y | .

2)

‘AjaAnoadsal ‘sayse|s ul pue sasayiuased ul usalb ase uondiosuel) drwauoyd SH pue pIOM 1030e1ISIP 8yl JO UoIIe|SuUel) 8y L )
warr oLt 06€'E 0.9°€ INBHO/(UMOID) BEF  /NLENU/(119g-puim) S5 uole|sue-ouoyd
et @oeT 06€€ wo'e /1geuey/(omaIl) Y, A /4ordny/(ddojanus) & fE uope|suel |
L5t (oSt 06€°€ 60v'e  /isnwax/(reqidioed) = /peley(presod) £ onuEWaS
warr oLt 06€'€ Gle€ /NOMrep/(Usipes) Y. /MOINa/(AsuwIy) 32 &) [ed1Bojouoyd

porepiun  polepY  pelepJUN  pereRY parepIun parepy

yibue] fouenbe 14 so|duwrex3 adA} Jopeusig

's1019R.ASIp asaueder Jo SoNSIIgIdRIRYD pue ssaupare|al pue adAy Jojoensip Aq ,.adojanus,, aimaid ay) 10} s1010e1SIp JO sajdwex3

Author Manuscript

| ¥ 319vL

Author Manuscript

Author Manuscript

Author Manuscript

Front Commun (Lausanne). Author manuscript; available in PMC 2022 April 12.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Hoshino et al.

TABLE 5 |

Similarity ratings by English monolinguals as a function of distractor type and relatedness.

Distractor type Spanish Japanese

Related Unrelated Related Unrelated

Phonological 36(13) 1202 4.6(1.3) 1.3(0.2)
Phono-translation 4.1 (0.5) 1.4(0.5) 4.3(0.7) 1.4 (0.3)

Standard deviations are in parentheses.
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