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

Noriko Hoshino1,*, Anne L. Beatty-Martínez2, Christian A. Navarro-Torres3, Judith F. Kroll3

1Department of English, Tsuda University, Kodaira, Japan

2Department of Psychology, McGill University, Montréal, QC, Canada

3Department of Language Science, University of California, Irvine, Irvine, CA, United States

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 

et al., 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 Japanese1; 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 

1We 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).
2For 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 lme4 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 I 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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Results

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 (β = −0.02, SE = 0.01, t = −2.90, p 
= 0.004, 95% CI [−0.03 to −0.01]) and less accurately (β = 0.67, 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 (β = 0.02, SE = 0.01, t 
= 2.46, p = 0.014, 95% CI [0.00–0.03]), phonologically related to Spanish translations of 

English picture names (β = 0.02, SE = 0.01, t = 3.81, p < 0.001, 95% CI [0.01–0.04]), or 

Spanish translations of English picture names (β = 0.02, SE = 0.01, t = 2.61, p = 0.009, 

95% CI [0.00–0.03]). Picture naming accuracy did not differ between related and unrelated 

conditions for phonological (β = 0.08, SE = 0.28, z = 0.30, p = 0.763, 95% CI [−0.46–

0.63]), phono-translation (β = −0.04, SE = 0.28, z = −0.14, p = 0.889, 95% CI [−0.58–0.51]) 

or translation (β = −0.20, SE = 0.26, z = −0.76, p = 0.445, 95% CI [−0.70–0.31]) distractor 

types.

Discussion

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 [t(15) = 7.61, p < 0.001 for English-Spanish pairs; t(15) = 11.25, p < 0.001 for 

English-Japanese pairs] and in the phono-translation condition [t(15) = 17.68, p < 0.001 for 

Spanish-Spanish pairs; t(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 [t(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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Results

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: (β = 0.00, SE = 0.01, t = 0.29, p = 0.772, 

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

CI [−0.43–0.85]). They also did not show relatedness effects in naming latency or accuracy 

for phonological (naming latency: β = 0.01, SE = 0.01, t = 1.21, p = 0.228, 95% CI [−0.01–

0.02]; naming accuracy: β = −0.07, SE = 0.30, z = −0.22, p = 0.826, 95% CI −0.65–0.52]) or 

phono-translation (naming latency: β = 0.00, SE = 0.01, t = 0.26, p = 0.796, 95% CI [−0.01–

0.02]; naming accuracy: β = −0.16, SE = 0.32, z = −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 (β 
= 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 (β = −0.25, SE = 0.32, z = −0.79, p = 0.431, 95% CI [−0.87–0.37]).

Discussion

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.5 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).
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ACKNOWLEDGMENTS

We thank Kristin Dresner, Kay Holtzinger, and Hiroko Kitajima for research assistance.

Hoshino et al. Page 14

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FUNDING

This research was supported in part by NSF Dissertation Grant BCS-0518814 to NH and JK. The writing of this 
article was supported in part by JSPS KAKENHI Grant Numbers JP24730624 and JP20K00756 to NH, and by NIH 
grant F32-AG064810 to AB-M, NSF Grant BCS-1824072 and NIH Grant F31HD098783 to CN-T, and by NSF 
Grant OISE-1545900 to JK.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary 

Material. Further inquiries can be directed to the corresponding author.

REFERENCES

Alameda JR, and Cuetos F (1995). Diccionario de frecuencias de las unidas de castellano. Oviedo: 
Servicio de Publicaciones de la Universidad de Oviedo.

Alario F-X, Perre L, Castel C, and Ziegler JC (2007). The Role of Orthography in Speech Production 
Revisited. Cognition 102, 464–475. doi:10.1016/j.cognition.2006.02.002 [PubMed: 16545792] 

Allen M, Poggiali D, Whitaker K, Marshall TR, and Kievit RA (2019). Raincloud Plots: a 
Multi-Platform Tool for Robust Data Visualization. Wellcome Open Res. 4, 63. doi:10.12688/
wellcomeopenres.15191.1 [PubMed: 31069261] 

Amano S, and Kondo T (2000). Nihongo No Goi Tokusei [Lexical Properties of Japanese]. Tokyo: 
Sanseido.

Azuma T, and Van Orden GC (1997). Why Safe Is Better Than Fast: The Relatedness of a Word’s 
Meanings Affects Lexical Decision Times. J. Mem. Lang 36, 484–504. doi:10.1006/jmla.1997.2502

Baayen RH, Davidson DJ, and Bates DM (2008). Mixed-effects Modeling with Crossed Random 
Effects for Subjects and Items. J. Mem. Lang 59, 390–412. doi:10.1016/j.jml.2007.12.005

Barr DJ, Levy R, Scheepers C, and Tily H (2013). Random Effects Structure for Confirmatory 
Hypothesis Testing: Keep it Maximal. J. Mem. Lang 68, 1–43. doi:10.1016/j.jml.2012.11.001

Bates D, Mächler M, Bolker B, and Walker S (2015). Fitting Linear Mixed-Effects Models Using 
Lme4. J. Stat. Softw 67, 1–48. doi:10.18637/jss.v067.i01

Bi Y, Xu Y, and Caramazza A (2009). Orthographic and Phonological Effects in the Picture-word 
Interference Paradigm: Evidence from a Logographic Language. Appl. Psycholinguistics 30, 637–
658. doi:10.1017/s0142716409990051

Bialystok E, Craik FIM, Klein R, and Viswanathan M (2004). Bilingualism, Aging, 
and Cognitive Control: Evidence from the Simon Task. Psychol. Aging 19, 290–303. 
doi:10.1037/0882-7974.19.2.290 [PubMed: 15222822] 

Blanco-Elorrieta E, Emmorey K, and Pylkkänen L (2018). Language Switching Decomposed through 
MEG and Evidence from Bimodal Bilinguals. Proc. Natl. Acad. Sci. USA 115, 9708–9713. 
doi:10.1073/pnas.1809779115 [PubMed: 30206151] 

Boukadi M, Davies RAI, and Wilson MA (2015). Bilingual Lexical Selection as a Dynamic Process: 
Evidence from Arabic-French Bilinguals. Can. J. Exp. Psychology/Revue canadienne de Psychol. 
expérimentale 69, 297–313. doi:10.1037/cep0000063

Brauer M (1998). “Stroop Interference in Bilinguals: The Role of Similarity between the Two 
Languages,” in Foreign Language Learning: Psycholinguistic Studies on Training and Retention. 
Editors Healy AF and Bourne LE (Mahwah, NJ: Lawrence Erlbaum Associates Publishers), 317–
337.

Chen H.-c., and Ho C (1986). Development of Stroop Interference in Chinese-English Bilinguals. J. 
Exp. Psychol. Learn. Mem. Cogn 12, 397–401. doi:10.1037/0278-7393.12.3.397

Chen H-C, Yamauchi T, Tamaoka K, and Vaid J (2007). Homophonic and Semantic Priming 
of Japanese Kanji Words: A Time Course Study. Psychon. Bull. Rev 14, 64–69. doi:10.3758/
bf03194029 [PubMed: 17546732] 

Hoshino et al. Page 15

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Chéreau C, Gaskell MG, and Dumay N (2007). Reading Spoken Words: Orthographic Effects 
in Auditory Priming. Cognition 102, 341–360. doi:10.1016/j.cognition.2006.01.001 [PubMed: 
16480971] 

Costa A, and Caramazza A (1999). Is Lexical Selection in Bilingual Speech Production Language-
specific? Further Evidence from Spanish-English and English-Spanish Bilinguals. Bilingualism 2, 
231–244. doi:10.1017/s1366728999000334

Costa A, Colomé À, Gómez O, and Sebastián-gallés N (2003). Another Look at Cross-Language 
Competition in Bilingual Speech Production: Lexical and Phonological Factors. Bilingualism 6, 
167–179. doi:10.1017/s1366728903001111

Costa A (2005). “Lexical Access in Bilingual Production,” in Handbook of Bilingualism: 
Psycholinguistic Approaches. Editors Kroll JF and De Groot AMB (New York: Oxford University 
Press), 308–325.

Costa A, Miozzo M, and Caramazza A (1999). Lexical Selection in Bilinguals: Do Words in the 
Bilingual’s Two Lexicons Compete for Selection?. J. Mem. Lang 41, 365–397. doi:10.1006/
jmla.1999.2651

Damian MF, and Bowers JS (2009). Assessing the Role of Orthography in Speech Perception and 
Production: Evidence from Picture-word Interference Tasks. Eur. J. Cogn. Psychol 21, 581–598. 
doi:10.1080/09541440801896007

Damian MF, and Bowers JS (2003). Effects of Orthography on Speech Production in a Form-
Preparation Paradigm. J. Mem. Lang 49, 119–132. doi:10.1016/s0749-596x(03)00008-1

Degani T, Prior A, and Hajajra W (2018). Cross-language Semantic Influences in Different Script 
Bilinguals. Bilingualism 21, 782–804. doi:10.1017/s1366728917000311

Dijkstra T, Van Jaarsveld H, and Brinke ST (1998). Interlingual Homograph Recognition: 
Effects of Task Demands and Language Intermixing. Bilingualism 1, 51–66. doi:10.1017/
s1366728998000121

Emmorey K, Li C, Petrich J, and Gollan TH (2020a). Turning Languages on and off: Switching into 
and Out of Code-Blends Reveals the Nature of Bilingual Language Control. J. Exp. Psychol. 
Learn. Mem. Cogn 46, 443–454. doi:10.1037/xlm0000734 [PubMed: 31246060] 

Emmorey K, Mott M, Meade G, Holcomb PJ, and Midgley KJ (2020b). Lexical Selection in 
Bimodal Bilinguals: ERP Evidence from Picture-word Interference. Lang. Cogn. Neurosci 1, 
1–15. doi:10.1080/23273798.2020.1821905

Fadlon J, Li C, Prior A, and Gollan TH (2019). Using What’s There: Bilinguals Adaptively Rely on 
Orthographic and Color Cues to Achieve Language Control. Cognition 191, 103990. doi:10.1016/
j.cognition.2019.06.002 [PubMed: 31376660] 

Finkbeiner M, Gollan TH, and Caramazza A (2006). Lexical Access in Bilingual Speakers: What’s the 
(Hard) Problem? Bilingualism 9, 153–166. doi:10.1017/s1366728906002501

Giezen MR, and Emmorey K (2016). Language Co-activation and Lexical Selection in Bimodal 
Bilinguals: Evidence from Picture-word Interference. Bilingualism 19, 264–276. doi:10.1017/
s1366728915000097 [PubMed: 26989347] 

Green DW (1998). Mental Control of the Bilingual Lexico-Semantic System. Bilingualism 1, 67–81. 
doi:10.1017/s1366728998000133

Guo T, Liu H, Misra M, and Kroll JF (2011). Local and Global Inhibition in Bilingual Word 
Production: fMRI Evidence from Chinese-English Bilinguals. NeuroImage 56 (4), 2300–2309. 
doi:10.1016/j.neuroimage.2011.03.049 [PubMed: 21440072] 

Hermans D (2004). Between-language Identity Effects in Picture-word Interference Tasks: A challenge 
for Language-Nonspecific or Language-specific Models of Lexical Access? Int. J. Bilingualism 8, 
115–125. doi:10.1177/13670069040080020101

Hermans D, Bongaerts T, De Bot K, and Schreuder R (1998). Producing Words in a Foreign 
Language: Can Speakers Prevent Interference from Their First Language? Bilingualism 1, 213–
229. doi:10.1017/s1366728998000364

Hermans D, Ormel E, van Besselaar R, and Van Hell J (2011). Lexical Activation in Bilinguals’ 
Speech Production Is Dynamic: How Language Ambiguous Words Can Affect Cross-Language 
Activation. Lang. Cogn. Process 26, 1687–1709. doi:10.1080/01690965.2010.530411

Hoshino et al. Page 16

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hermans D (2000). Word Production in a Foreign Language. Nijmegen, Netherlands: Unpublished 
doctoral dissertation, University of Nijmegen.

Hoshino N, and Kroll JF (2008). Cognate Effects in Picture Naming: Does Cross-Language Activation 
Survive a Change of Script? Cognition 106, 501–511. doi:10.1016/j.cognition.2007.02.001 
[PubMed: 17367774] 

Hoshino N, and Thierry G (2011). Language Selection in Bilingual Word Production: 
Electrophysiological Evidence for Cross-Language Competition. Brain Res. 1371, 100–109. 
doi:10.1016/j.brainres.2010.11.053 [PubMed: 21108940] 

Ischebeck AK (2004). Processing Phonographic and Morphographic Script: Similarities and 
Differences. Nijmegen, Netherlands: Unpublished doctoral dissertation, University of Nijmegen.

Jared D, Pei Yun Poh R, and Paivio A (2013). L1 and L2 Picture Naming in Mandarin-English 
Bilinguals: A Test of Bilingual Dual Coding Theory. Bilingualism 16, 383–396. doi:10.1017/
s1366728912000685

Knupsky AC, and Amrhein PC (2007). Phonological Facilitation through Translation in a Bilingual 
Picture-Naming Task. Bilingualism 10, 211–223. doi:10.1017/s1366728907003033

Kroll JF, Bobb SC, Misra M, and Guo T (2008). Language Selection in Bilingual Speech: Evidence 
for Inhibitory Processes. Acta Psychologica 128, 416–430. doi:10.1016/j.actpsy.2008.02.001 
[PubMed: 18358449] 

Kroll JF, Bobb SC, and Wodniecka Z (2006). Language Selectivity Is the Exception, Not the Rule: 
Arguments against a Fixed Locus of Language Selection in Bilingual Speech. Bilingualism 9, 
119–135. doi:10.1017/s1366728906002483

La Heij W, De Bruyn E, Elens E, Hartsuiker R, Helaha D, and Van Schelven L (1990). Orthographic 
Facilitation and Categorical Interference in a Word-Translation Variant of the Stroop Task. Can. J. 
Psychology/Revue canadienne de Psychol 44, 76–83. doi:10.1037/h0084236

Lee TMC, and Chan CCH (2000). Stroop Interference in Chinese and English. J. Clin. Exp. 
Neuropsychol 22, 465–471. doi:10.1076/1380-3395(200008)22:4;1-0;ft465 [PubMed: 10923056] 

Li Y, Yang J, Suzanne Scherf K, and Li P (2013). Two Faces, Two Languages: An fMRI Study of 
Bilingual Picture Naming. Brain Lang. 127, 452–462. doi:10.1016/j.bandl.2013.09.005 [PubMed: 
24129199] 

Linck JA, Hoshino N, and Kroll JF (2008). Cross-language Lexical Processes and Inhibitory Control. 
Ment. Lex 3, 349–374. doi:10.1075/ml.3.3.06lin [PubMed: 19907674] 

Linck JA, Kroll JF, and Sunderman G (2009). Losing Access to the Native Language while Immersed 
in a Second Language: Evidence for the Role of Inhibition in Second-Language Learning. 
Psychol. Sci 20, 1507–1515. doi:10.1111/j.1467-9280.2009.02480.x [PubMed: 19906121] 

Mahon BZ, Costa A, Peterson R, Vargas KA, and Caramazza A (2007). Lexical Selection Is 
Not by Competition: a Reinterpretation of Semantic Interference and Facilitation Effects in 
the Picture-word Interference Paradigm. J. Exp. Psychol. Learn. Mem. Cogn 33 (3), 503–535. 
doi:10.1037/0278-7393.33.3.503 [PubMed: 17470003] 

Meuter RFI, and Allport A (1999). Bilingual Language Switching in Naming: Asymmetrical Costs of 
Language Selection. J. Mem. Lang 40, 25–40. doi:10.1006/jmla.1998.2602

Miller NA, and Kroll JF (2002). Stroop Effects in Bilingual Translation. Mem. Cogn 30, 614–628. 
doi:10.3758/bf03194963

Misra M, Guo T, Bobb SC, and Kroll JF (2012). When Bilinguals Choose a Single Word to Speak: 
Electrophysiological Evidence for Inhibition of the Native Language. J. Mem. Lang 67, 224–237. 
doi:10.1016/j.jml.2012.05.001

Moon J, and Jiang N (2012). Non-selective Lexical Access in Different-Script Bilinguals. Bilingualism 
15, 173–180. doi:10.1017/s1366728911000022

Pattamadilok C, Perre L, Dufau S, and Ziegler JC (2009). On-line Orthographic Influences on Spoken 
Language in a Semantic Task. J. Cogn. Neurosci 21, 169–179. doi:10.1162/jocn.2009.21014 
[PubMed: 18476763] 

Philipp AM, and Koch I (2009). Inhibition in Language Switching: What Is Inhibited when Switching 
between Languages in Naming Tasks? J. Exp. Psychol. Learn. Mem. Cogn 35, 1187–1195. 
doi:10.1037/a0016376 [PubMed: 19686014] 

Hoshino et al. Page 17

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Rastle K, McCormick SF, Bayliss L, and Davis CJ (2011). Orthography Influences the Perception 
and Production of Speech. J. Exp. Psychol. Learn. Mem. Cogn 37 (6), 1588–1594. doi:10.1037/
a0024833 [PubMed: 21823810] 

Roelofs A (2006). The Influence of Spelling on Phonological Encoding in Word reading, Object 
Naming, and Word Generation. Psychon. Bull. Rev 13, 33–37. doi:10.3758/bf03193809 [PubMed: 
16724765] 

Schwartz AI, and Kroll JF (2006). Bilingual Lexical Activation in Sentence Context. J. Mem. Lang 55, 
197–212. doi:10.1016/j.jml.2006.03.004

Smith MC, and Kirsner K (1982). Language and Orthography as Irrelevant Features in Colour-
word and Picture-word Stroop Interference. The Q. J. Exp. Psychol. Section A 34, 153–170. 
doi:10.1080/14640748208400864 [PubMed: 7201654] 

Snodgrass JG, and Vanderwart M (1980). A Standardized Set of 260 Pictures: Norms for Name 
Agreement, Image Agreement, Familiarity, and Visual Complexity. J. Exp. Psychol. Hum. Learn. 
Mem 6, 174–215. doi:10.1037/0278-7393.6.2.174

Székely A, D’Amico S, Devescovi A, Federmeier K, Herron D, Iyer G, et al. (2003). Timed Picture 
Naming: Extended Norms and Validation against Previous Studies. Behav. Res. Methods Instr. 
Comput 35, 621–633. doi:10.3758/bf03195542

Székely A, Jacobsen T, D’Amico S, Devescovi A, Andonova E, Herron D, et al. (2004). A 
New On-Line Resource for Psycholinguistic Studies. J. Mem. Lang 51, 247–250. doi:10.1016/
j.jml.2004.03.002 [PubMed: 23002322] 

Tan LH, and Perfetti CA (1999). Phonological Activation in Visual Identification of 
Chinese Two-Character Words. J. Exp. Psychol. Learn. Mem. Cogn 25, 382–393. 
doi:10.1037/0278-7393.25.2.382

Thierry G, and Wu YJ (2007). Brain Potentials Reveal Unconscious Translation during 
Foreign-Language Comprehension. Proc. Natl. Acad. Sci 104, 12530–12535. doi:10.1073/
pnas.0609927104 [PubMed: 17630288] 

Tokowicz N, Michael EB, and Kroll JF (2004). The Roles of Study-Abroad Experience and Working-
Memory Capacity in the Types of Errors Made during Translation. Bilingualism 7, 255–272. 
doi:10.1017/s1366728904001634

Van Heuven WJ, Conklin K, Coderre EL, Guo T, and Dijkstra T (2011). The Influence of Cross-
Language Similarity on Within-And Between-Language Stroop Effects in Trilinguals. Front. 
Psychol 2, 374. doi:10.3389/fpsyg.2011.00374 [PubMed: 22180749] 

Yamada J (1998). The Time Course of Semantic and Phonological Access in Naming Kanji and Kana 
Words. Reading and Writing 10, 425–437. doi:10.1023/a:1008095920749

Zhang Q, Chen HC, Weekes BS, and Yang Y (2009). Independent Effects of Orthographic and 
Phonological Facilitation on Spoken Word Production in Mandarin. Lang. Speech 52 (1), 113–126. 
doi:10.1177/0023830908099885 [PubMed: 19334418] 

Zhang Q, and Weekes BS (2009). Orthographic Facilitation Effects on Spoken Word Production: 
Evidence from Chinese. Lang. Cogn. Process 24, 1082–1096. doi:10.1080/01690960802042133

Ziegler JC, Muneaux M, and Grainger J (2003). Neighborhood Effects in Auditory Word Recognition: 
Phonological Competition and Orthographic Facilitation. J. Mem. Lang 48, 779–793. doi:10.1016/
s0749-596x(03)00006-8

Hoshino et al. Page 18

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



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 (left) 
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, 

***p < 0.001.
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TABLE 5 |

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

Distractor type Spanish Japanese

Related Unrelated Related Unrelated

Phonological 3.6 (1.3) 1.2 (0.2) 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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