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Abstract

This study investigated cross-linguistic influence (CLI) in spoken word recognition in a
typologically distinct language pair. Japanese—English bilinguals performed auditory lexical
decision tasks in both L1 (Japanese) and L2 (English), presented in counterbalanced order,
responding to cognates varying in cross-linguistic overlap and to matched nonwords. This
design allowed direct comparison of L1 and L2 processing within the same individuals. Response
times measured from stimulus onset and offset were compared to capture changes in effects
across the time course of processing. In both languages, phonological and semantic similarities
significantly facilitated responses, though phonological similarity effects varied slightly over
time. Cognate frequency inhibited responses later in time, varying by language, and L2
proficiency further modulated performance. Importantly, these effects emerged spontaneously,
without priming, demonstrating bidirectional cognate facilitation even across linguistically
distant languages. The results support the applicability of the BIA+ model to auditory process-
ing, even for different-script bilinguals.

Highlights

o Phonological and semantic similarities both sped up responses.

o Phonological similarity was dependent on language early in the time course.

o Semantic similarity facilitated processing similarly in L1 and L2.

o Cognate word frequency slowed responses late in time in L1 and L2.

o L2 proficiency sped responses but did not modulate cross-linguistic influence.

Quick and efficient word recognition is central to effective communication. For bi- and multilinguals,
this requires recognizing an even greater number of words than for monolinguals. A plethora of
evidence has established that the words a person knows are stored together in a single mental lexicon.
Words are processed together, non-selectively, and the knowledge of another language can affect how
words in just one are understood, even when it is not needed to complete the task. This cross-linguistic
influence (hereafter, CLI) can help (e.g., speed) or hinder (e.g., slow) recognition depending on the
requirements of the task. Here, CLI refers to the observable consequences of non-selective lexical
activation during word recognition — that is, the influence of the non-target language on processing
even when only the target language is required. Importantly, CLI is influenced by factors such as the
degree of overlap across languages, the context in which it occurs, a bilingual’s proficiency, the
language tested, and the point in time at which it is measured. While CLI has been observed in both
visual and auditory word recognition, far more evidence comes from the visual domain, leaving
several unanswered questions about how CLI affects spoken word processing.

The present study investigates patterns of CLI in spoken word recognition in a seemingly
unlikely context. Specifically, unbalanced, different-script (i.e., Japanese—English) bilinguals
living in a primarily Japanese-language environment are presented with unprimed words varying
in degree of cross-linguistic overlap, and the time course of activation is examined. Individuals
are tested in both L1 and L2 to make a direct comparison across languages and to determine
whether CLI influences recognition in L1 as it typically does in L2.

1. Background

In bilingual processing, one of the most frequently examined word types when looking for CLI is
cognates, or words that share form and meaning, such as restaurant and the Spanish restaurante.
Bilinguals usually read cognates faster in sentences (Cop et al., 2017; Duyck et al., 2007; Libben &
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Titone, 2009; Schwartz & Kroll, 2006), respond to them faster in
lexical decision (Dijkstra et al., 1999; Dijkstra et al., 2010; Lemhofer
& Dijkstra, 2004; Poort & Rodd, 2017), and speak them faster in
picture and word naming (e.g., Costa et al., 2000; Schwartz et al.,
2007) compared to non-cognate translation equivalents. The cog-
nate effect is taken as evidence of the non-selectivity of the mental
lexicon. If bilinguals are faster or more accurate at recognizing
cognates compared to non-cognates, then knowledge of the other
language is understood to contribute to the recognition process.

Importantly, however, these effects are not always symmetrical
across languages. The cognate effect and other forms of CLI are
more robust in L2 compared to L1 (Jared & Kroll, 2001; Jared &
Szucs, 2002; Van Assche etal., 2019; Weber & Cutler, 2004), and the
size of effects is often larger in the L1-L2 direction as well (Costa
et al., 2000; Gollan et al., 1997; Jiang, 2019; Poarch & Van Hell,
2012). It is important to note that a major contributor to this
so-called asymmetry may be that bilinguals tested are most often
unbalanced (Van Hell & Tanner, 2012). In other words, it is not the
L1/L2 status itself, but the bilinguals” higher proficiency in L1 that is
responsible for this difference. While many earlier studies simply
divided bilinguals into low- and high-proficient groups or simply
compared monolinguals with bilinguals (e.g., Dimitropoulou et al.,
2011; Weber & Cutler, 2004), more recent investigations have
included proficiency as a continuous predictor variable (e.g., Bul-
tena et al., 2014; Miwa et al., 2014). Doing so may provide a clearer
picture of CLI — including any present in L1 — than grouping
participants into overly simple categories.

This does not mean that CLI does not occur in L1; assuming
sufficient L2 proficiency, it can be observed in L1 as well (e.g., Kroll
& Stewart, 1994; Van Hell & Dijkstra, 2002). Indeed, such effects
have been observed in both visual (Costa et al., 2000; Poarch & Van
Hell, 2012; van Hell & Dijkstra, 2002; Van Wijnendaele & Brys-
baert, 2002) and auditory experiments (Dijkstra et al., 2000; Lagrou
et al, 2011; Mishra & Singh, 2014, 2016). The L2 is typically
examined alone, without regard to L1 performance, but the bilin-
gual mental lexicon is a dynamic system. Instead of writing off such
effects as context-specific or non-existent, Van Assche et al. (2019)
point out that researchers may in fact observe valid CLI in L1 if they
conduct “careful and powerful” experiments.

An important factor in CLI is the degree of overlap between
languages. Cognates that are more similar show evidence of
greater co-activation, for example (Dijkstra et al., 1999, 2010;
Duyck et al., 2007; Lemhofer et al., 2004; Lemhofer & Dijkstra,
2004; Van Assche et al., 2009, 2011). In contrast to earlier studies
simply comparing cognates with homophones, Dijkstra et al.
(1999) tested Dutch-English bilinguals in both lexical decision
and progressive demasking tasks, systematically varying ortho-
graphic, phonological, and semantic similarities across items.
They found different effects of phonological and semantic simi-
larities across tasks, showing that CLI depends on the joint effects
of these three factors. Further, cognate effects tend to be additive;
three-language cognates, for instance, are processed even faster
than those shared by just two, although the degree of facilitation
can vary across tasks and lexical characteristics (Forys-Nogala
et al,, 2025; Lemhofer et al., 2004; Otwinowska, 2024; Van Hell &
Dijkstra, 2002). While most evidence comes from relatively simi-
lar language pairs, these factors raise the question of how such
effects may differ in languages that do not share orthographic
script, such as Spanish and Korean or Japanese and English. In
these languages, cognates are relatively dissimilar as they share
only meaning and phonological form. Japanese and English, for
example, differ across several typological dimensions relevant to
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lexical processing. English is largely isolating, with relatively fixed
SVO word order and limited inflectional morphology, whereas
Japanese is agglutinative, head-final (ie., SOV), and employs
extensive suffixation and overt topic marking. The two languages
also differ substantially in phonological structure (e.g., syllable
structure constraints, moraic timing in Japanese) and use entirely
distinct writing systems (alphabetic vs. kana/kanji). As a result,
Japanese—English cognates share no orthographic overlap and
comparatively little phonological overlap relative to most same-
script language pairs, providing a stringent test case for models
that assume non-selective lexical activation.

Beyond structural overlap, the presence, magnitude, and direc-
tion of CLI can also differ depending on the point in time during
processing at which it is measured, an idea which has been observed
in both reading (Miwa et al., 2014; Taylor & Mukai, 2023) and
listening (Marian et al,, 2008; Weber & Cutler, 2004). Cross-
linguistic phonological similarity, for example, facilitated recogni-
tion early in time but slowed it later on in a visual study by Miwa
et al. (2014), echoing findings from spoken word recognition
(Marian et al, 2008). An examination of not just the overall
outcome but also the time course of processing is important to
understand how activation occurs in the mind. Masked priming
(Forster & Davis, 1984) has been a popular method for examining
the time course of single word reading, and interestingly, eye
movements have more recently been employed for this purpose
as well (Kuperman et al., 2009; Miwa et al., 2014; Taylor & Mukai,
2023). With spoken words, examining the time course can be more
challenging. Priming and the visual world paradigm have both been
used to do so, but findings from these methods must be interpreted
with caution (Forster, 1998; Huettig et al., 2011; Zhang et al., 2017).
As both involve presentation of a non-target competitor or other
information just before or during processing, more naturalistic data
are needed to verify whether CLI is present even when competitors
are not purposefully activated.

Context also plays an important role in how words are recog-
nized. Words embedded in sentences (Binder & Rayner, 1998;
Chambers & Cooke, 2009; Duyck et al., 2007; Lagrou et al., 2013)
and texts (Cop et al., 2017) are processed under the influence of
semantic, syntactic, and discourse constraints, which shape lexical
activation and further facilitate or inhibit recognition compared to
isolated words. Global language context (Elston-Giittler et al.,
2005), stimulus list composition (Brenders et al., 2011), and the
social environment in which an individual lives (e.g., Schwartz &
Kroll, 2006) can all also modulate levels of non-target activation,
often reducing, but importantly, not eliminating its effects. The
present study examines CLI under minimal contextual constraint,
using isolated spoken words without priming or sentence context.

2. The need for integrated models of bilingual word
recognition

Taken together, the above findings have motivated formal models
of word recognition. Overall, there is strong evidence that the mind
stores knowledge of and processes different languages together, a
concept deeply integrated into popular bilingual word recognition
models such as BIMOLA (Grosjean, 1997; Léwy & Grosjean, 2008),
BLINCS (Shook & Marian, 2013), BIA+ (Dijkstra & Van Heuven,
2002), and the more recent Multilink (Dijkstra et al., 2019). None of
these models, however, explicitly predicts recognition in both
reading and listening. This is despite considerable overlap in not
only the type of information processed (Ferrand et al., 2018;
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Miiller et al., 2024; Tanenhaus et al., 1980) but also the brain areas
used in understanding the two modalities (Chee et al., 1999).

The BIA+ has been widely used to understand visual word
recognition and can also be readily applied to auditory processing.
According to this account, non-target representations, including
those from another language known to an individual, can become
co-activated when they share information with a word being pro-
cessed. Specifically, overlapping orthographic, phonological, and
semantic representations lead to co-activation, and the more infor-
mation is shared, the more becomes co-activated. While the model
was developed on evidence from same-script languages (such as
Dutch and English), it has successfully predicted visual word rec-
ognition with different-script languages (e.g., Miwa et al., 2014;
Taylor & Mukai, 2023), a key population for psycholinguistic
models (Mishra, 2019). See Figure 1 for a representation of this
model for bilinguals in this study.

The BIA+ easily accounts for the discrepancies in CLI men-
tioned above. For example, in the case of unbalanced bilinguals, the
BIA+ model’s temporal delay assumption supposes that the dom-
inant or more frequently used language (i.e., L1) becomes activated
more quickly than L2 due to a higher resting activation level. In
other words, it takes less input to reach its activation threshold. This
difference can explain the asymmetry observed in cross-linguistic
effects between L1 and L2. Additive information leads to increased
co-activation, resulting in greater CLI for more similar words or
languages. Discrepancies in CLI at different processing stages can
also be explained by sequential activation of representations in this
model: orthographic information becomes activated first, followed
by phonological and semantic representations. As a result,
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Lexical Lexical
orthography

S
Sublexical Sublexical
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Figure 1. Visualization of the BIA+ Model for auditory word recognition. Note. Adapted
for auditory recognition from Taylor and Mukai’s (2023) representation of the BIA+
model (Dijkstra & Van Heuven, 2002) for Japanese—English bilinguals.
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orthographic or phonological overlap may drive early co-activa-
tion, while semantic similarity may contribute to later effects. The
model also includes separate recognition and task/decision subsys-
tems, so although initial activation based on input is bottom-up, a
bilingual can adjust their response based on task requirements,
accounting for variations across tasks and contexts.

3. Cross-linguistic influence in spoken word recognition

Mirroring visual word recognition, the primary factors affecting
spoken word processing are related to the target stimulus itself.
Longer words and those with many phonological neighbors typic-
ally take longer to recognize (Goh et al., 2020; Luce & Pisoni, 1998;
Ziegler et al., 2003), as do less frequent words (Goh et al., 2016). As
in reading, evidence for language non-selective activation is perva-
sive (Blumenfeld & Marian, 2007; Lagrou et al., 2011; Marian et al.,
2008; Marian & Spivey, 2003; Weber & Cutler, 2004). While
orthographic co-activation cannot directly occur at the earliest
stages of auditory word recognition, parallel activation can occur
via shared phonological or semantic information, or even as a result
of activation spreading to the orthographic representations from
phonological input (see, for example, Qu & Damian, 2017; Tirk &
Domabhs, 2022; Veivo et al., 2016).

Phonological overlap effects have been observed repeatedly in
the auditory modality. For instance, using the visual world para-
digm, Weber and Cutler (2004) observed that Dutch-English bilin-
guals listening to English words looked longer at pictures whose
Dutch names contained sounds similar to those in the English
words they heard, indicating cross-linguistic phonological activa-
tion. This effect did not occur, however, when the task was con-
ducted in Dutch (L1). By contrast, Spivey and Marian (1999) found
similar effects in the L1. Instructing Russian-English bilinguals in
their L1 to pick up an item (e.g., Podnimi marku (“Pick up the
stamp”)), they noticed that bilinguals looked more often to dis-
tractor pictures whose English (L2) name began with a similar
sound (e.g., marker) than to unrelated distractors. With Hindi-
English bilinguals, Mishra and Singh (2014, 2016) observed similar
phonological co-activation in both L1 and L2, with bilinguals
looking more often towards phonological cohort members, that
is, words that share initial phonemes with the target. These studies
provide evidence that non-target phonological activation can affect
listening.

In contrast to phonological overlap, the role of semantic infor-
mation is less often investigated in spoken word recognition. Vari-
ous semantic influences have been observed with monolinguals,
however (e.g., Goh et al., 2016; Wurm et al., 2004), and again the
effects vary by task (Goh et al., 2016). Bilingual-specific semantic
influences are not typically investigated with behavioral studies of
listening, but an fMRI experiment by Chee et al. (1999) observed
similar brain areas active during semantic processing in both
modalities. Therefore, it is very possible that semantic effects found
in bilingual reading (Gollan et al., 1997; Kim & Davis, 2003; Miwa
etal.,2014; Nakayama et al., 2012; Taylor & Mukai, 2023) also affect
listening beyond commonly examined word-level variables.

Unprimed L2 word reading studies by Dijkstra et al. (2010) and
Miwa et al. (2014) found that semantic similarity influenced rec-
ognition above and beyond phonological influences. Taylor and
Mukai (2023) extended these findings to L1, finding similar effects
in unbalanced Japanese—English (i.e., different-script) bilinguals in
Japan, a context and population where CLI may be unexpected
given the infrequent use of the L2 and relative distance between the
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languages. Whether such effects arise in listening, as they do in
reading, for this population remains unclear. While the BIA+
suggests it is possible, most auditory studies focus primarily on
phonological similarity, classifying meaning as a categorical vari-
able (e.g., congruent vs. incongruent). Phonological and semantic
overlap may be somewhat confounded in studies that do not model
these two continuous variables separately. If, as the BIA+ model
suggests, similar mechanisms underlie visual and auditory word
processing, both types of overlap need to be examined separately in
spoken word studies.

Echoing behavioral findings, ERP studies (e.g., Bobb et al., 2020)
have, in fact, found L2 semantic influences in L1 word recognition,
albeit with same-script bilinguals. It is possible that in the present
unlikely context — unbalanced, different-script bilinguals living in
an L1 environment and tested in the L1 without using priming or
visual world cues, CLI could occur in listening just as it did in the
reading study by Taylor and Mukai.

4. Objectives of the current study

The present study examines spoken word recognition in both L1
and L2 with Japanese—English bilinguals, without using priming or
visual world methods. It extends Taylor and Mukai’s (2023) find-
ings of bidirectional cross-linguistic effects in visual word recogni-
tion to the auditory domain, testing the applicability of the BIA+
with this population. To do so, it addresses the following four
questions:

First, do phonological similarity, semantic similarity, and cognate
frequency influence spoken word recognition in both languages? As
BIA+ supposes that the same general mechanisms take place in
reading and listening, the same non-target information (i.e., phono-
logical representations, semantic representations) is expected to
affect processing in this auditory study. Indeed, same-script language
studies by Lagrou et al. (2011) and Marian et al. (2008) found this to
be the case. Lagrou et al. (2015) and Garrido-Pozt (2024) even found
effects in L1. However, Japanese and English share less overlap than
the languages they studied, so co-activation may be weaker or
delayed, especially if participants tested are L1-dominant and use
the L2 only infrequently. The temporal delay of L2, combined with
relatively few shared phonological representations, may limit cross-
language activation, reaching the lower limit of non-selectivity.
However, because spoken input directly activates phonological rep-
resentations, CLI may still emerge as non-target phonological infor-
mation becomes co-activated early on.

Second, if such effects occur, are their size and direction (i.e., if
responses are facilitated or slowed) similar in each language? Taylor
and Mukai (2023) found weaker effects in L1; this is expected to be
the case in this auditory study as well. Taylor and Mukai also found
that while semantic similarity and cognate frequency speeded
responses in both languages, phonological similarity slowed recog-
nition slightly in L2 but speeded it in L1. Cognate frequency effects,
in contrast, did not differ across languages. Listeners, in contrast,
may rely more on phonological information than do readers, for
whom semantic representations can be directly activated from
orthography according to BIA+. If this is true, phonological simi-
larity may be more influential in the present study, or the direction
and timing of effects may be different. In English auditory lexical
decision tasks (ALDTs) with Spanish—English and English-Spanish
bilinguals, for example, Garrido-Pozu (2024) found that phono-
logical similarity speeded L2 responses but slowed them in L1; the
same may be true for Japanese—English bilinguals.
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Third, do these effects depend on L2 proficiency? Taylor and
Mukai (2023) observed greater semantic similarity effects for less
proficient readers, but no interaction of proficiency with phono-
logical similarity or cognate frequency. In listening, less-balanced
bilinguals may rely more on phonological overlap, consistent
with Garrido-Poz®’s (2024) results for L2 with Spanish—English
bilinguals.

Finally, does the timing of measurement affect observed patterns
of CLI? The time course of auditory recognition is challenging to
measure. Brand et al. (2021) suggest that response times measured
from stimulus onset (hereafter, RTonset) reflect different parts of
the activation process than those measured from offset (hereafter,
RToffset). If a predictor behaves differently in RTonset and RToft-
set models, its influence likely changes over time. Indeed, stimulus
duration, a strong predictor of response times (Ernestus & Cutler,
2015; Ferrand et al., 2018; Tucker et al., 2019), was found to speed
RToffset but slow RTonset in their study. A three-way interaction
with language (i.e., L1 versus L2) showed that L1 listeners especially
benefitted from information heard during the stimulus itself. CLIs
were not considered, however, so it is unclear how they might
change over time. In Taylor and Mukai (2023), neither phono-
logical nor semantic similarity was influential early in time,
although effects arose later during processing. If this is true in
listening, effects may be more pronounced in RToffset models.
Still, as orthographic activation is not required for phonological
co-activation in listening, phonological and semantic similarities
may influence processing from early on. If so, they may be similarly
influential in RTonset and RToffset models.

5. Method
5.1. Participants

Listeners (n = 39)! were recruited from two Japanese universities
via word of mouth and by flyers distributed on campus. Data from
one participant, whose dominant language was a third language,
were excluded from analysis. All remaining participants were native
speakers of Japanese who had studied English for at least 6 years and
were either enrolled in university English courses or regularly used
English for work or research. All were right-handed with normal
hearing and normal or corrected-to-normal vision. Participant self-
ratings of daily language use, language preferences, and English
proficiency are presented in Appendix A.

5.2. Tasks

To directly compare languages, each participant completed four
tasks: one ALDT in each English and Japanese, a cross-linguistic
phonological similarity rating task, and a semantic similarity rating
task. ALDTs were administered with the straightforward assump-
tion that difficult-to-process words take longer to respond to. This

"Formal a priori power analysis was not conducted. For generalized linear
mixed-effects models with crossed random effects, multiple continuous pre-
dictors, and language-by-proficiency interactions, analytic power estimation is
not straightforward, and reliable effect size estimates for spoken lexical decision
with different-script bilinguals are not available to support simulation-based
approaches. The sample size was therefore determined based on methodological
precedent in closely related visual and auditory bilingual lexical decision studies
(e.g., Lagrou et al,, 2011; Marian et al., 2008; Miwa et al., 2014; Taylor & Mukai,
2023) which typically tested 25—40 participants. The present design additionally
includes a large number of observations per participant and per item, which
increases precision in mixed-effects modeling.

Downloaded from https://www.cambridge.org/core. IP address: 216.73.216.48, on 14 Jul 2026 at 01:47:19, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/51366728926101527


https://doi.org/10.1017/S1366728926101527
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

Bilingualism: Language and Cognition

combination of tasks allows for an extension of Taylor and Mukai
(2023) to the auditory domain as well as observations from
Garrido-Pozu (2024) to different-script bilinguals. Similarity rating
tasks were conducted to derive participant-wise and item-specific
continuous predictors of cross-linguistic overlap for use in the
ALDT analyses.

5.3. Stimuli

5.3.1. English items
The English stimuli include the same 6-9-letter 250 primarily single-
morpheme nouns tested by Taylor and Mukai (2023), originally from
Miwa etal. (2014). As both examined word reading, the present study
in part aims to replicate them in the auditory domain, in particular
the former study which also tested the items’ Japanese katakana
cognates, finding evidence for cross-linguistic activation in both
Japanese and English. Therefore, the same items are tested here to
provide as close a comparison as possible across modalities.
Originally generated using the English Lexicon Project Database
(Balota et al., 2007), the items have a HAL frequency (Hyperspace
Analogue to Language frequency; Burgess & Livesay, 1998), a
co-occurrence-based corpus-derived frequency measure, above
2,000. Pseudoword generator Wuggy (Keuleers & Brysbaert,
2010) was used to find 250 English-like nonwords matched to the
English targets in length, transition frequencies, and number of
subsyllabic segments. During auditory stimuli generation, four
pseudowords, including three near-homophones of legal words
and one difficult pronunciation, were resampled.

5.3.2. Japanese items

Japanese cognates were compiled using an English-to-katakana
converter (Bullock, 2022) as well as The Balanced Corpus of
Contemporary Written Japanese word list (BCCWJ; Maekawa
et al, 2014) and an online dictionary (Goo jisho, 2023). Selection
criteria are detailed in Taylor and Mukai (2023). Katakana non-
words were compiled using these same tools, verifying that the
items were not listed in the corpus. The full list of items is presented
in Appendix B.

5.3.3. Auditory stimuli generation

Items were recorded in a sound-attenuated room using Audacity
(version 3.2.0; sample rate: 44.1 kHz, 16 bit) paired to a Blue Yeti
microphone. English items were spoken by a female L1 speaker of
Standard Canadian English, which is familiar to participants, while
Japanese items were spoken by a female L1 Japanese speaker using
standard Japanese. Each aimed to speak as naturally as possible,
reading nonwords as if they were real words, 3-5 times each.
Recordings were pre-processed, and individual sound files were
extracted by selecting the clearest utterance of each item, typically
the penultimate pronunciation. Each file was normalized to 70 dB
mean intensity using the Scale intensity function in Praat
(version 6.3.09; Boersma & Weenink, 2023). All auditory stimuli,
analysis scripts, and anonymized data are available on the Open
Science Framework (OSF): https://osf.io/g2fv4

5.4. Two-session design

To ensure that no memory of the cognates affected performance,
the lexical decision tasks were conducted in two separate testing
sessions on different days, and the presentation order was coun-
terbalanced across participants. Sessions were conducted in a quiet,
well-lit room, and participants were paid for each session.

5.4.1. Session 1

Thirty-nine participants completed a Japanese-language demo-
graphic and language background questionnaire largely based on
the Language Experience and Proficiency Questionnaire (LEAP-Q;
Marian et al., 2007). They then completed the LexTALE English
vocabulary size test (Lemhofer & Broersma, 2012) to estimate their
English proficiency. Finally, they completed an ALDT in either
English or Japanese (Experiment 1 or 2, respectively, detailed
below). Session 1 lasted approximately 50 minutes.

5.4.2. Session 2

Thirty-three of the participants later returned for Session 2, com-
pleting the ALDT in the remaining language (Experiment 2 or
Experiment 1), followed by cross-linguistic phonological similarity
rating and finally cross-linguistic semantic similarity rating
(Experiments 3 and 4, respectively), which were administered last
to avoid influencing lexical decisions. This session lasted approxi-
mately 60 minutes.

5.5. Experiment Procedure

All experiments were conducted using PsychoPy (Version 6.3.09;
Peirce et al., 2022).

5.5.1. Experiment 1: Auditory lexical decision in English (L2)
Participants sat in front of a computer wearing Audio-Technica
ATH-M50x studio headphones calibrated to 60 dB using a 1-kHz
tone. Instructions displayed in Japanese explained they would
hear many words, some of which were existing English words
and some of which were not. Instructions were presented in
Japanese to ensure full comprehension and to maintain partici-
pants’ typical daily language mode. They were instructed to decide
as quickly and accurately as possible whether each item was a real
English word. After a block of 10 practice trials, they responded to
the 250 words and 250 nonwords, played in random order. In each
trial, a 500 ms fixation cross was presented in the middle of the
screen followed immediately by the auditory stimulus. If it was a
real word, they pressed the right trigger button on a Logitech F310
gamepad. If it was a nonword, they pressed the left trigger button.
If no response was recorded within 3500 ms, the trial ended, and
the experiment continued. A 500 ms blank screen was presented
between trials, for a total interstimulus interval of 1000 ms. Three
breaks were included, and the task took approximately 20 minutes
to complete.

5.5.2. Experiment 2: Auditory lexical decision in Japanese (L1)
This experiment was identical to Experiment 1 except that the
target language was Japanese, not English.

5.5.3. Experiment 3: Cross-linguistic phonological similarity
rating

The same individuals rated cross-linguistic phonological similarity
for the 250 target word pairs. In each trial, participants heard an
item from the English lexical decision task (e.g., diamond) imme-
diately followed by its counterpart from Japanese lexical decision
(e.g., ¥ A ¥ E > I),judging how similarly they were pronounced
on ascale of 1-7 (where 1 corresponded to 273 % (“different”) and
7 corresponded to 5 [F] U (“identical”)). The scale appeared
in white against a dark gray background, and participants used the
computer keyboard to signal their decision. The presentation order
for the 250 pairs was randomized. This task took approximately
15 minutes to complete.
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5.5.4. Experiment 4: Cross-linguistic semantic similarity rating
Experiment 4 was identical to Experiment 3 except that participants
rated similarity in meaning. Because typical participants in this
context most often encounter English in written form, they are
likely to have more elaborated semantic representations linked to
written English forms than to spoken ones. To ensure full semantic
access, the written words were therefore also presented. When the
auditory stimuli were played, the two words appeared onscreen
above the rating scale, with English on the left and Japanese on the
right. If participants did not know the meaning of an item, they
pressed the spacebar and the trial was skipped.

5.6. Variables

5.6.1. Dependent variables

ALDT response times are typically measured from stimulus onset
on the straightforward presupposition that information starts
becoming available as soon as the stimulus begins. However,
RTonset is closely tied to stimulus duration, which positively
correlates with response times (Ernestus & Cutler, 2015; Ferrand
et al., 2018; Tucker et al, 2019). An alternative is to measure
responses from stimulus offset (e.g., Taler et al, 2010). Brand
et al. (2021) suggest RToffset may better reflect the higher-level
cognitive processes, such as semantic or decision-related mechan-
isms, which are assumed to come into play later in time. In the case
of L2 listeners, who typically process words more slowly than L1
listeners, certain higher-level processes may not occur until stimu-
lus offset, in which case effects would be more dramatic in models
fitted to RToffset.

This study reports on models fitted to RTonset as well as to
RToffset. Generalized linear mixed-effect models are used to factor
in the positively skewed distribution of response times while main-
taining ease of interpretation. Lo and Andrews (2015) point out that
Gamma and Inverse Gaussian distributions conceptually reflect
response times as they mimic the waiting time that occurs before
a response. They recommend using these distributions with an
identity link function under the assumption that predictors directly
affect response times (and not a function of RT) and also that
factors affecting the same stage of processing interact, but those
affecting separate stages do not.

5.6.2. Predictor variables

This study tests a variety of lexical, participant, and cross-linguistic
variables (see Table 1). The following subsections describe how key
theoretical constructs introduced earlier were operationalized as
predictors in the mixed-effects models. The main predictors of
interest, however, are L2 proficiency (i.e., LexTALE score) and
the three cross-linguistic variables: phonological similarity, seman-
tic similarity, and cognate word frequency.

Duration. As stimulus duration (ms) is closely tied to response
times (Ernestus & Cutler, 2015; Ferrand et al., 2018; Tucker et al.,
2019), it is expected to speed them in the RToffset analysis and
slow them in the RTonset models. As Japanese stimuli were, on
average, longer than English stimuli due to structural differences
between the languages, stimulus duration is included as a con-
tinuous predictor in all models. This ensures that other effects are
estimated independently of language-specific differences in
acoustic length.

Target word frequency. Commonly occurring words are typic-
ally recognized faster (Brysbaert & New, 2009; Tucker et al., 2019).
The English frequency measure is SUBTLWF from the SUBTLE-
Xys movie subtitle corpus (Brysbaert & New, 2009), which is a

Jamie Taylor

Table 1. Descriptive statistics for fixed effects tested in this study

Type Predictor Mean, SD (Range)/Levels
Lexical SUBTLWF (L2 frequency) M =38.88, SD = 72.13 (0: 487)
BCCWJWF (L1 frequency) M =834.99, SD = 1622.50 (0:
16458)
EnglishDuration M =666.88, SD = 92.61 (451:
912 ms)
JapaneseDuration M = 864.49, SD = 144.15 (544:
1295 ms)
Language Levels: English, Japanese
PhonologicalRating M =4.35,SD=1.73 (1:7)
meanPhonologicalRating M =4.41, SD = 0.86 (1.17: 5.87)
SemanticRating M =5.87,SD =1.60 (1:7)
meanSemanticRating M =5.88, SD = 0.60 (2.72: 6.75)
Task Trial M = 248.42, SD = 143.95 (1: 500)

Previous_RTonset M =1112.54, SD = 349.21 (0:

3500)

Previous_RToffset M =337.34, SD = 355.56

(—1015.63: 2905.75)

Participant  Age M =20.05, SD = 5.96 (18: 49)

Sex Levels: Female (n = 29), Male
(n=9)
YearsOfEducation M=12.88,SD=2.27 (12: 22)

LexTALE M =61.09, SD = 12.17 (42.50:
96.25)

Interval M =17.12, SD = 13.24 (1: 42)

CounterBalancedGroup Levels: English-then-Japanese,

Japanese-then-English

Note. Listed are the raw values before standardization procedures were carried out. Word
frequency was operationalized using Zipf-transformed values (log10 frequency per million +3).
For the English task data, SUBTLWF is used as the TargetWF and BCCWJWF serves as
NonTargetWWF. For the Japanese task data, the opposite is true. Phonological and semantic
rating measures were obtained in Experiments 3 and 4, respectively.

superior predictor of ALDT response times (Ernestus & Cutler,
2015; Tucker et al,, 2019) and is highly correlated with similar
frequency measures (Tucker et al., 2019) like the spoken subset of
the balanced COCA corpus (Davies, 2009). For Japanese results,
BCCWJWF (Maekawa et al., 2014) is used. A delayed (i.e., RToffset-
only) effect of word frequency — or a stronger effect in this analysis —
might indicate a delay in lexical activation. However, some auditory
evidence suggests this may arise early in time (Dahan et al., 2001;
Dufour et al., 2013; Marslen-Wilson, 1987).

Cognate word frequency. The frequency of a word’s cognate has
been found to predict response times above and beyond that of the
target word itself (Miwa et al., 2014; Taylor & Mukai, 2023).
Therefore, NonTargetWF is included as a further cross-linguistic
predictor indexing the frequency of a word’s translation equivalent
in the other language. For English trials, NonTargetWF corres-
ponded to the Japanese cognate’s frequency (BCCWJWF), and for
Japanese trials, it is the English cognate’s frequency (SUBTLWE).
Because corpus-based frequency measures are typically right-
skewed (Zipfian) and are derived from different corpora (and thus
are on different numeric scales), target and cognate word frequency
were first transformed into Zipf values (log10 frequency per million
+3) and then standardized prior to modeling.
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Cross-linguistic phonological and semantic similarities. Two
measures for each type of similarity are tested. First, as in previous
studies (Allen & Conklin, 2013; Dijkstra et al., 2010; Garrido-Pozu,
2024; Taylor & Mukai, 2023), all participants’ ratings for each
cognate pair were averaged (meanPhonologicalRating; meanSe-
manticRating). Second, as the same individuals who completed
ALDTs also provided similarity ratings, individuals’ own ratings
(PhonologicalRating; SemanticRating) are compared with the aver-
aged measures to determine whether subjective judgments are a
better predictor of participants’ own performance. Taylor and
Mukai (2023) found individuals’ ratings to be a superior predictor
for phonological but not semantic similarity. As the present study is
an auditory investigation, it is possible that the pattern of influence
is different as participants’ rate spoken, not written, stimuli.

Trial. Trial number (1-500) is expected to affect responses in
that participants may respond more quickly as they adjust to the
task or more slowly as they become fatigued.

Previous RT. Response times are subject to a variety of medium-
term effects such as changes in the participant’s attention levels,
fatigue, or response strategy (ten Bosch et al., 2018). Local speed
effects are thus considered so that cognitive processes can be clearly
examined; the response time in the previous trial (i.e., prevRTonset
in the RTonset analysis, and prevRToffset in the RToffset analysis) is
expected to be a significant predictor (Balota et al., 2016; Perea &
Carreiras, 2003).

LexTALE score. As a measure of L2 English proficiency, parti-
cipants’ scores on the LexTALE English vocabulary size test
(Lemhofer & Broersma, 2012) are tested. While it does not directly
measure modality-specific listening ability, LexTALE provides a
validated index of lexical knowledge and general proficiency.

Individual factors. An array of individual differences is known to
affect mental processing and response times (Jensen, 2006). This
study considers participant Age in years at the time of the first
session; Sex; and YearsOfEducation, or the number of years in total
they spent in formal education. None of these predictors is expected
to reach statistical significance based on Taylor and Mukai (2023).

Interval and counterbalancedgroup. To ensure that no cognate
memory affected performance in the second session, the number of
days between testing sessions (Interval) and the order in which the
languages were presented (i.e., CounterBalancedGroup) are tested.
If any memory of the items does influence performance, either or
both may be a significant predictor.

5.7. Data analysis

Data processing and analysis were conducted in R software for
statistical computing, version 4.4.1 (R Core Team, 2024). Results
from the ALDTs (Experiments 1 and 2) were combined into one
data set for analysis with task language included as a predictor
variable. Participants’ own subjective ratings of phonological and
semantic similarity, as well as the group’s averages for each
(Experiments 3 and 4), were added to the data set alongside basic
lexical properties and participant characteristics.

The mental chronometry approach (Posner, 1978) suggests raw
(and not transformed) response times are the most appropriate
dependent variable to use for a straightforward interpretation of
results (Lo & Andrews, 2015). Transforming response times may
not be beneficial and may even lead to a loss of power compared to
the untransformed measure (Marmolejo-Ramos et al, 2014;
Schramm & Rouder, 2019). Therefore, generalized linear mixed-
effect models (Baayen et al., 2008; Baayen & Milin, 2010) were
fitted to raw RTonset and RToffset using the packages Ime4

(Bates et al., 2015) and ImerTest (Kuznetsova et al., 2017). In each
analysis, the fitdistrplus package (Delignette-Muller & Dutang,
2015) was used to determine the best distributions for the model
fit. The Gamma distribution, recommended for RT data (Lo &
Andrews, 2015), was found to be the best fit for each. Inverse and
log link functions, commonly used with Gamma distributions
(Thiele & Markussen, 2012), were compared to determine the best
fit and parameter interpretation.

Using a forward-fitting procedure, a maximal random effects
structure was determined to find an optimal balance between Type
I error and statistical power (Barr et al., 2013; Matuschek et al.,
2017). Fixed effects of key lexical, task, and participant predictors,
standardized before analysis, were selected using backward elim-
ination, starting with the most complex model and making use of
AIC and a significance criterion of at least two standard errors
(i.e., t values of 2.0 or more) following Kliegl et al. (2010) and
Masson and Kliegl (2013). Two-way interactions between task
Language and LexTALE (i.e., L2 proficiency) and all remaining
predictors were checked, and by-participant random slopes were
added as justified by improvements in model fit. Models were fit by
maximum likelihood estimation (Laplace Approximation). The
packages ggplot2 (Wickham, 2016) and effects (Fox, 2003; Fox &
Weisberg, 2018) were used to visualize the fitted models, and
DHARMa (Hartig, 2022) was used to check residuals and model fit.

5.8. Data preprocessing and descriptive statistics by task

5.8.1. Experiment 1: ALDT in English (L2)

Thirty-five participants completed lexical decision in English,
resulting in a raw data set of 17,500 trials. Trials in which no button
press was registered before the 3500 ms time out (4.4% of data) were
eliminated, followed by conceptually improbable responses
(i.e., those 300 ms from stimulus onset; 0.1% of data). Overall,
errors were made 23.1% of the time (18.4% of word trials; 27.8% of
nonword trials). To retain participants from a wide L2 proficiency
range while ensuring task engagement, and given that L2 auditory
lexical decision typically yields higher error rates than L1 tasks
(Tremblay, 2008), a minimum accuracy threshold of 60% was
applied. In L2 auditory lexical decision, particularly with unbal-
anced bilinguals, performance can be more variable and may
approach near-chance levels in some contexts (Fricke, 2022; Trem-
blay, 2008). A stricter criterion would have disproportionately
excluded lower proficiency listeners and restricted the variability
central to the present research questions, as proficiency is modeled
continuously in this study. This 60% threshold therefore functioned
as a conservative lower-bound engagement criterion rather than a
benchmark of task mastery, consistent with lexical access studies
employing similar cutoffs (e.g., Fuhrmeister et al., 2024; Tucker
et al,, 2019). No participants were excluded from the English task
under this criterion.

For these English data, average accuracy for each participant was
then calculated for all items (63-96%; M = 80.4%) and for words
only (63.9-99%; M = 85.0%). Average accuracy by item was calcu-
lated for all items (2.9-100%; M = 80.4%) as well as for words only
(14.7-100%, M = 85.0%), then trials responded to incorrectly (3268
trials) and items responded to correctly less than 60% of the time
(1111 further trials) were removed, followed by nonword trials,
resulting in a set of 6428 data points.

5.8.2. Experiment 2: ALDT in Japanese (L1)
Thirty-six participants completed lexical decision in Japanese, for a
total of 18,000 trials. Participants made errors 12.1% of the time
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Table 2. English and Japanese auditory lexical decision response times and
accuracy

Task Result type Mean, SD (Range)

English (L2) ALDT RTonset (ms) M =934.5; SD =218.9

(353.5: 2295.6)

RToffset (ms) M=291.3; SD=209.6 (0.6:

1769.1)

M= 80.4%, SD = 7.2%
(63.0: 95.5%)

Average accuracy (by
participant)

Japanese (L1) ALDT  RTonset (ms) M =1025.0, SD =218.2

(465.0: 2169.8)

RToffset (ms) M =226.0, SD =187.1 (0.0:

1489.2)

Average accuracy (by
participant)

M = 88.1%; SD = 5.3%
(70.8: 95.3%)

Note. This table reports data for target items after trimming procedures were carried out.

(15.7% of words and 8.5% of nonwords). Again, by-participant
average accuracy was calculated for all items (70.8-95.3%;
M = 88.1%) and for words only (53.6-95.4%; M = 84.5%). Data
from one participant, who responded correctly to words less
than 60% of the time, were removed. For items, average accuracy
was calculated for all items (0-100%; M = 88.1%) and for words
only (0-100%; M = 84.4%). Then, incorrect responses (2103 trials)
and items responded to correctly less than 60% of the time
(465 further trials) were removed, followed by nonword trials,
leaving 6766 data points from this task. Table 2 displays response
time and participant accuracy by task for English and Japanese
lexical decision.

5.8.3. Experiment 3: Cross-linguistic phonological similarity
rating

All participants who competed both experimental sessions (1 = 33)
provided their subjective cross-linguistic similarity ratings to the
250 word pairs. In the phonological similarity rating task, partici-
pants did not signal their rating before the timeout in 8.3% of trials,
so valid responses (i.e., PhonologicalRating) were recorded for the
remaining 91.7% of trials (7568 data points). An averaged rating
measure (meanPhonologicalRating) was created by taking the
group’s mean rating for each item pair, and the range and the
overall mean rating were noted (1.2-59; M = 42).

Table 3. Fixed effects in the final RTonset model

Jamie Taylor

PhonologicalRating and meanPhonologicalRating demonstrated a
moderate correlation (r = 0.54).

5.8.4. Experiment 4: Cross-linguistic semantic similarity rating

For the semantic similarity rating data, timeouts and trials in which
the participant pressed the spacebar (signaling an unknown word in
either language) had no responses recorded (15.3% of trials).
Therefore, valid ratings were gathered for 84.7% of trials (6984
data points). As with phonological similarity, the group’s averaged
rating for each item pair was calculated, and the range and
mean were noted (2.7-6.8; M = 5.8). Similar to phonological
ratings, individuals’ own semantic judgments demonstrated a
moderate correlation with the group’s average (r = 0.40). Compar-
ing semantic and phonological similarities, the individual
ratings (i.e., PhonologicalRating and SemanticRating) were only
weakly correlated (r = 0.21), as were the averaged measures
(i.e., meanPhonologicalRating and meanSemanticRating; r = 0.26).

6. Results

Data from the four experiments were combined for analysis. Rat-
ings from Experiments 3—4 were merged with the ALDT data to
create cross-linguistic overlap predictors for analysis in the mixed-
effects models. Results from the RTonset analysis are first reported
below, followed by results for models fitted to RToffset.

6.1. Analysis

6.1.1. RTonset

Generalized linear mixed-effects models with a Gamma distribu-
tion and log link were fitted to raw response times measured from
the onset of the auditory stimulus (RTonset). The random effects
structure of the final model (conditional R* = 0.33; marginal
R? = 0.24) includes random intercepts of item (SD = 0.04) and
participant (SD = 0.03) as well as by-participant random slopes for
TargetWF (SD =0.02) and PreviousRTonset (SD = 0.02). Significant
main effects and 2-way interactions are summarized in Table 3 and
discussed below. The following variables did not reach statistical
significance and are thus excluded from the final model: number
of days between testing sessions (Interval; p = .65), participant
Age (p = .75), YearsOfEducation (p = .48), Sex (p = .75), and
whether they first completed the task in English or in Japanese
(CounterBalancedGroup; p = .38).

Type Variable Estimate SE t value p value

(Intercept) 6.871 0.021 322.391 <.001
Task Trial 0.005 0.002 3.150 0.002
Task PreviousRTonset 0.027 0.006 4.427 <.001
Participant LexTALE —0.063 0.016 —3.830 <.001
Lexical Duration 0.068 0.004 18.505 <.001
Lexical TargetWF —0.042 0.007 —5.712 <.001
Lexical PhonologicalRating —0.013 0.003 —4.151 <.001
Lexical MeanSemanticRating —0.011 0.005 —2.220 0.026
Lexical/Participant LanguageJpn:LexTALE 0.046 0.004 11.050 <.001
Lexical LanguageJpn:PhonolRatng 0.009 0.004 2.497 0.013
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Figure 2. Partial task and target effects in the RTonset final model. Note. Panel A shows the effect of stimulus Duration, while panels B and C, respectively, show the task effects of
Trial and PreviousRTonset. TargetWF (panel D) is comprised of two different measures (SUBTWLF for English data, BCCWJWF for Japanese). Colored lines show differing effects by
language. For this and subsequent figures, predictors are displayed on a standardized (z-score) scale. Shaded areas represent 95% confidence intervals around model predictions.

Unsurprisingly, stimulus length (Duration”) and the response
time (measured from onset) in the previous trial (PreviousRTonset)
were both inhibitory effects. In other words, longer words took
more time to respond to, and the more time a participant spent
responding to one trial, the longer it took them to respond in the
next, demonstrating local speed effects. The by-participant random
slopes for PreviousRTonset indicate that while some individuals'
responses were strongly affected by their response in the previous
trial, others were less so. Responses also depended upon Language
in that Japanese words were generally responded to more slowly, an
unsurprising finding (recall that Japanese stimuli were nearly
200 ms longer, on average).

Trial was also a significant main effect, with responses slowing
somewhat as the experiment progressed, perhaps due to accumu-

*Interactions between Duration and the cross-linguistic similarity measures
of interest were tested and were not statistically significant (Duration x Phono-
logicalRating; B = 0.011; p = .18; Duration x meanSemanticRating: p = —0.003;
p = .87), indicating that similarity effects were not driven by residual differences
in stimulus length. The same is true for the subsequent RToffset analysis
(Duration x PhonologicalRating; B = 0.0003; p = .89; Duration x meanSemanti-
cRating: B = 0.003; p = .24).

lating fatigue. The frequency of the word (TargetWF), however,
facilitated responses in that more commonly occurring items were
responded to faster, an effect observed in both languages but
especially pronounced in Japanese (L1). As evidenced by the
by-participant random slopes, individuals differed in how sensitive
they were to word frequency. Partial effects are visualized together
in Figure 2.

Turning to L2 proficiency, LexTALE was facilitatory in that
higher proficiency led to faster responses. While the effect in
Japanese was smaller than that in English, it importantly was
observed in both languages. Interestingly, LexTALE and language
demonstrated a crossover interaction. Whereas lower-proficient
participants responded more quickly to Japanese items, the oppos-
ite is true for advanced listeners, who responded more slowly in
Japanese than in English.

Where cross-linguistic effects are concerned, individuals’
own ratings of phonological similarity (PhonologicalRating) were
a better predictor than the group’s averaged measure
(meanPhonologicalRating; p = .03) as evidenced by lower AIC
and p and ¢ values. Phonological similarity was significant as both
a main effect and an interaction with Language in the present
analysis; it facilitated responses in both but was especially influen-
tial in the L2 (English).
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Figure 3. Bilingual-specific effects in the RTonset final model. Note. Effects of L2 proficiency (i.e., LexTALE) and individuals’ phonological ratings (panels E and F) interacted with
language (colored lines). Panel G shows the effect of the averaged semantic rating measure, which was the same across languages.

Unlike phonological similarity, the group’s averaged measure
(i.e., meanSemanticRating) was the superior predictor for semantic
similarity. In fact, individuals’ own ratings (i.e., SemanticRating)
did not come close to reaching statistical significance (p = .78). This
contrasts with Taylor and Mukai (2023), in which the two were
comparable. The effect here did not differ across languages. Cog-
nate word frequency (NonTargetWF; p = .43), a further measure of
CLI did not significantly improve the model. Figure 3 provides a
visual representation of the effects of LexTALE as well as phono-
logical and semantic similarities.

6.1.2. RToffset

As in the RTonset analysis, generalized linear mixed-effects models
with a Gamma distribution and log link function were fitted to
responses measured from offset (RToffset). The final model
(conditional R = 0.28; marginal R’ = 0.15) includes significant
random effects of item (SD = 0.15) and participant (SD = 0.18) as
well as by-participant random slopes for Target WF (Zipf; SD = 0.03)
and PreviousRToffset (SD = 0.07). Two-way interactions with Lan-
guage and LexTALE were checked, and significant interactions and
fixed effects (summarized in Table 4) were retained in the final
model. Again, the following predictors did not benefit the model:

days between sessions (Interval; p = .38), Age (p = .77), YearsOfE-
ducation (p = .23), Sex (p = .80), and CounterBalancedGroup
(p=.17).

As predicted, the final model includes significant main effects of
the task and lexical variables Duration, PreviousRToffset (i.e., the
response time to the previous trial, this time measured from the end
of the auditory signal), Trial, TargetWF, and Language. First, longer
Duration led to shorter RToffsets, which, as expected, contrasts with
the RTonset analysis in which longer stimuli had longer RTs. In line
with Brand et al. (2021), this finding indicates that with longer
words, listeners can make use of information available during the
stimulus itself to make a faster decision after offset. PreviousRToff-
set and Trial again slowed responses, in that longer responses to one
trial meant longer responses to the next, and responses slowed as
the task progressed. Participants demonstrated moderate variabil-
ity in how sensitive they were to local speed effects as evidenced by
the by-participant random slopes for PreviousRToffset, and its
interaction with language showed it was slightly more influential
in Japanese.

As a main effect, TargetWF speeded RToffset, and it was also
significant in interaction with Language. While higher frequency
led to faster responses in both languages, this was especially the case
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Table 4. Fixed effects in the final RToffset model

Type Variable Estimate SE t value p value

(Intercept) 5.385 0.053 101.902 <.001
Task Trial 0.022 0.008 2.936 0.003
Task PreviousRToffset 0.098 0.022 4.372 <.001
Participant LexTALE —0.143 0.051 —2.787 0.005
Lexical LanguageJapanese 0.099 0.026 3.845 <.001
Lexical Duration —0.258 0.016 —16.283 <.001
Lexical TargetWF —0.127 0.021 —6.012 <.001
Lexical nonTargetWF 0.132 0.018 7.508 <.001
Lexical PhonologicalRating —0.028 0.011 —2.676 0.007
Lexical meanSemanticRating —0.041 0.016 —2.590 0.010
Lexical/Particip LanguageJpn:LexTALE 0.118 0.015 7.668 <.001
Lexical/Task LanguageJpn:PrvsRToffset 0.032 0.017 1.880 0.060
Lexical LanguageJpn:TargetWF —0.097 0.020 —4.780 <.001

Note. The marginally significant interaction of PreviousRToffset and language is retained in the final model as model comparisons indicate its inclusion improves the model fit.
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Figure 4. Partial task and target effects in the Final RToffset model. Note. Effects of stimulus Duration and trial number (panels H and |, respectively) were again not dependent on
language (gray lines), although Duration was facilitatory in this analysis (compare to Panel A in Figure 2). In contrast to the RTonset analysis, PreviousRToffset (panel J) varied by
language, while target word frequency (Panel K) did not (compare to Panels C and D, respectively, in Figure 2).
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effect and interacts with language, slowing responses measured from offset. Phonological similarity (Panel N) does not depend on language, which differs from the RTonset results

(compare with Panel F in Figure 3).

for the Japanese task, a finding which differs somewhat from the
analyses by Brand et al. (2021) in which it was the L2 listeners who
benefited more. This may be due, at least in part, to the compara-
tively large range of frequency values (0: 16458) for Japanese stimuli
in this investigation. Partial main effects and interactions with
Language are depicted in Figure 4.

Turning to bilingual-specific predictors, LexTALE score was
facilitatory in that higher scoring participants responded more
quickly after offset in both languages. As with RTonset, lower
proficiency was associated with faster RToffsets to L1 targets. While
more advanced participants again responded faster in both lan-
guages, they demonstrated shorter RToffsets to L2 than L1 items.
The frequency of a word’s cognate (i.e., nonTarget WF) was also a
significant predictor above and beyond the frequency of the word
itself in that higher cognate frequency was associated with slower
response times. This effect was moderated by language, with a
stronger inhibitory effect observed in English than in Japanese.

Cross-linguistic similarities were again significant predictors in
this analysis. meanPhonologicalRating (p = .03), while a significant
predictor, was not as strong a predictor as individuals’ own ratings,

which is similar to Taylor and Mukai (2023). PhonologicalRating is
therefore again included in the final model, but unlike in the
RTonset analysis, its effect does not differ between languages.
Individuals’ own SemanticRating again did not reach significance
(p = .45), but the group’s averaged measure, meanSemanticRating,
did. Initially, its effect depended on language in this analysis, but
once by-participant random slopes were included in the model, the
interaction was no longer significant. Significant proficiency-
related and cross-linguistic effects in the RToffset analysis are
illustrated in Figure 5.

7. General discussion

The intent of this study was to determine whether CLIs similarly
affect L1 and L2 auditory lexical decisions, and whether any such
effects change by L2 proficiency or by the point in the time course in
which activation is measured. The BIA+ model assumes represen-
tations from both languages are co-activated during word recogni-
tion, such that knowledge of one language can influence processing
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even when only one is in use. In Japanese and English, which use
completely different writing systems and have dissimilar phono-
logical systems, co-activation can occur, but only directly through
shared semantic or phonological information (which, in the case of
the latter, is often less than for languages such as English and Dutch,
on which the BIA+ model was based). As Japanese/English cog-
nates share comparatively less information, and as there may be a
large temporal delay of activation for L2 for unbalanced bilinguals
living in the present L1 context (i.e., Japan), CLI may be precluded
for these items, especially if non-target competitors are not pur-
posefully activated through priming or related methods.

Despite this unlikely context, the present study provides evi-
dence for CLI on spoken word recognition in both Japanese and
English. Separate models fitted to RTonset and RToffset revealed
that similar task, lexical, and bilingual-specific predictors affect
spoken word recognition in the two languages. Further, while
English proficiency modulated responses, the overall processes
(including the presence of CLI) were similar for high- and low-
proficient L2 listeners.

The first major aim of this investigation was to determine
whether phonological similarity, semantic similarity, and cognate
word frequency affect auditory lexical decisions as they do visual
lexical decisions. Shared phonological and semantic information
facilitated responses in both L1 and L2, regardless of whether they
were measured from stimulus onset or offset. As in Taylor and
Mukai (2023), individual phonological similarity ratings were more
predictive of performance than group-averaged ratings, suggesting
that subjective, item-level similarity judgments may better reflect
cross-linguistic phonological activation patterns. By contrast,
semantic similarity effects were better captured by the averaged
ratings, indicating that meaning-based overlap exerted a consistent,
facilitatory influence across participants.

Cognate word frequency (NonTargetWF) was notably also a
significant predictor, as in the visual studies by Miwa et al. (2014)
and Taylor and Mukai (2023). In those reading studies, the effect
emerged early in processing, whereas in the present auditory
study, the effect emerged only for responses measured from
stimulus offset. This suggests that cognate frequency effects influ-
ence auditory word recognition later than visual word recogni-
tion, where such effects have been observed from the earliest
stages of processing (e.g., first fixations). One possible explanation
is that auditory input unfolds incrementally over time, delaying
the point at which lexical competition between the target and
cross-language competitors becomes fully engaged. In contrast,
the full orthographic form is presented immediately during read-
ing, allowing frequency-based competition to influence process-
ing earlier.

The direction of cognate frequency effects also differed from the
previous visual studies. While Miwa et al. (2014) observed facilita-
tory effects in L2, and Taylor and Mukai (2023) observed facilita-
tion in both L1 and L2, the present auditory study observed
later-arising inhibitory effects of cognate frequency in both lan-
guages, particularly in L2 English. Taken together, these findings
suggest that while cross-linguistic activation is evident in both
reading and listening, the timing and consequences of cognate
frequency differ across modalities.

The second question was whether the direction and size of cross-
linguistic effects were similar in the two languages. In contrast to the
Taylor and Mukai (2023) study, in which phonological overlap
slowed L2 but speeded L1 responses, the present auditory investi-
gation found both semantic and phonological overlap speeded
responses in both languages. Because spoken words directly activate
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phonological representations, it is possible that the relatively early
activation of L1 candidates during L2 listening allows enough time
for competition to be resolved before a response is made. In reading,
by contrast, activation first proceeds via orthography, adding
another temporal step. Quick activation of L1 phonological infor-
mation in reading could mean L1 competitors reach higher activa-
tion levels, delaying recognition of L2 targets. In auditory
processing, where phonological information is available immedi-
ately and unfolds over time, L1 competitors may both arise and be
resolved rapidly, leading to the consistently facilitatory effects
observed here.

The phonological similarity effect here was dependent on lan-
guage for the RTonset analysis, in that while it was facilitatory in
both languages, it especially speeded responses in L2, echoing
findings from L2 English and Spanish (Garrido-Pozu, 2024) and
supporting the asymmetry predicted by Kroll and Stewart’s (1994)
Revised Hierarchical Model. The effect did not differ by language
after offset, revealing that this discrepancy is an earlier effect largely
resolved during the course of the stimulus itself, which is unsur-
prising as, according to BIA+, phonological representations would
become co-activated early enough to be largely resolved before
higher-level processes take place, so any language-specific advan-
tage (or disadvantage) would have been worked out by the time
participants plan a response.

Notably, these results are in line with Taylor and Mukai
(2023); in that study, language-dependent phonological similar-
ity effects arose at late fixation and flattened out somewhat by
response.

The effect of semantic similarity, by contrast, did not differ by
language. It did, however, depend on language at RToffset, but only
until by-participant random effects were included in the model.
This suggests that shared semantic information becomes co-acti-
vated, helping auditory processing in a similar way in L1 and L2.
For both similarity measures, the magnitude of effects is larger in
the RToffset model (b = —0.0127 at onset and b = —0.0283 at offset
for PhonologicalRating; b = —0.0112 at onset and b = —0.0412 at
offset for meanSemanticRating), suggesting that while similarity
effects emerge during the encoding stages of processing, they
continue to build and exert a greater impact as recognition unfolds.
Taken together, these results make sense from the perspective of the
BIA+ in which co-activation is not precluded in either language
direction in either visual or auditory word recognition.

The third goal was to check whether these effects depended on
L2 proficiency. While participants with higher LexTALE scores
were faster overall in both English and Japanese, the effect was
especially pronounced for the highest proficiency listeners, who
responded faster to L2 than to L1 targets, whereas the lowest
proficiency participants demonstrated the opposite pattern. Within
the framework of the BIA+ model, increased L2 experience likely
raises the resting activation level of L2 lexical representations and
strengthens cross-language connections, thus speeding lexical pro-
cessing in both languages. Importantly, however, proficiency did
not modulate the size of phonological or semantic similarity effects,
suggesting that cross-linguistic co-activation operated similarly
across the proficiency range of bilinguals tested here. This pattern
mirrors previous findings in reading and listening, where profi-
ciency influenced general processing speed but not the magnitude
of cross-linguistic facilitation (Garrido-Pozd, 2024; Miwa et al.,
2014; Taylor & Mukai, 2023).

Although the present findings demonstrate CLI across a range of
L2 proficiencies, the results may not generalize to all bilingual
populations. Participants here were primarily L1-dominant,
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Japanese—English bilinguals residing in an L1 context. Highly bal-
anced bilinguals, bilinguals immersed in an L2-dominant environ-
ment, or individuals with substantially earlier and more sustained
L2 exposure may exhibit different patterns of co-activation or
competition dynamics. In immersion contexts, for example,
increased resting activation levels of L2 representations could
reduce the asymmetries predicted by the Revised Hierarchical
Model or alter the timing of cross-linguistic effects. Future research
examining bilinguals across dominance profiles, language-use
environments, and modality-specific proficiency measures (e.g.,
listening comprehension) would help elucidate the lower limits of
these auditory cross-linguistic effects.

A final goal was to determine whether cross-linguistic effects
differ over time, examining the time course of auditory processing
to the extent possible without using priming, the visual world
paradigm, or neuroimaging techniques. When RTonset and RToff-
set analyses are compared, the same effects overall affected process-
ing in both analyses, showing it is possible, at least to some extent, to
compare findings from studies that measured response times from
stimulus onset (e.g., Ernestus & Cutler, 2015; Ferrand et al., 2018;
Tucker et al., 2019) with findings from those measuring from offset
(e.g., Munson et al., 2005; Taler et al., 2010).

A few key differences were observed in this study, however.
First, the language dependence of phonological similarity at
RTonset suggests phonological representations play a larger role
early in the process, a finding which is consistent with the pre-
dictions of the BIA+ as well as the results of Taylor and Mukai
(2023). Further, the marginally significant Language:PreviousR-
Toffset interaction (p = .06) in the RToffset analysis suggests that
participants’ later cognitive processes and response patterns may
be affected by local speed effects more in Japanese than in English.
This may be due in part to differences in post-lexical processes in
this task; participants may have greater automaticity in decision
making in the dominant L1, compared to the less-dominant L2 in
which they might be more cautious before pressing a response
button.

Importantly, these findings extend and build upon bidirectional
cross-linguistic effects found in isolated word reading with different-
script bilinguals (Degani et al., 2018; Kim & Davis, 2003; Miwa et al.,
2014; Peleg et al., 2020; Taylor & Mukai, 2023; Voga & Grainger,
2007; Zhou et al., 2010) as well as spoken word experiments in which
priming was not used (e.g., Garrido-Pozd, 2024; Wu et al,, 2019),
corroborating evidence from priming and visual world studies (e.g.,
Gollan et al., 1997; Mishra & Singh, 2014; Nakayama et al,, 2012).
This study provides strong support for both the predictions of the
BIA+ model and its extendibility to the auditory modality. There are
substantial differences between reading and listening. In reading,
orthography is first activated, while in listening, the process begins
directly from sublexical phonology; in reading, all information typ-
ically becomes available at once, while in listening, information
unfolds serially over a period of time; if the font is held standard,
words look the same from one instance to the next during reading,
while a spoken signal can vary considerably from instance to
instance. Despite these discrepancies, the present findings indicate
that the same basic properties laid out by BIA+, including CLI,
importantly, affect bilingual activation in the two modalities.

8. Conclusion

The present study provides evidence for non-selective activation
during spoken word recognition, even in the seemingly unlikely case

Jamie Taylor

of unbalanced bilinguals of relatively different languages (i.e., Japanese
and English) living in an L1 context, and even when priming or visual
world methods are not used. This is the first behavioral study to
directly compare L1 and L2 listening in this way, testing the exact
same individuals and items (ie., cognates), and comparing models
fitted to RTonset and RToffset to compare the time course of bilingual-
specific effects in each language directly. CLI was present for bilinguals
regardless of their L2 proficiency. In particular, cross-linguistic phono-
logical and semantic similarities facilitated processing, while later-
arising cognate word frequency slowed processing in both languages.
The current findings reflect those from the visual modality, suggesting
bilingual non-selective activation — and aspects of its time course —
overlap in several ways across word reading and listening.
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Appendix A

Table Al. Participant self-ratings of daily language use and English proficiency

Measure Mean SD Range

Proportion of current daily language exposure (%)

Japanese 71.92 15.20 40-100

English 25.61 18.12 0-80

Proportion of time participants prefer to use each language (%)

Speaking
Japanese 70.66 2231 10-100
English 24.84 18.87 0-80
Reading
Japanese 75.45 24.00 10-100
English 20.89 22.08 0-80
Self-rated English proficiency (0—10)
Speaking 4.01 1.94 2-8
Listening 4.89 1.93 2-9
Reading 5.29 1.80 2-9

Note: Percentages do not always sum to 100% as a small number of participants reported limited knowledge or use of additional languages beyond Japanese or English. Participants
overwhelmingly reported greater daily exposure to, and stronger preferences for using, Japanese. Because Japanese was the dominant language for these participants, and in line with related
studies (e.g., Miwa et al., 2014; Taylor & Mukai, 2023), no separate L1 proficiency test was administered. Future work may benefit from including a formal L1 proficiency measure to complement
these self-reported indices of language dominance.

Appendix B

Table B1. Target words and pseudowords included in this study

Target words

English item Japanese katakana item English item Japanese katakana item
accent 772 lesson Ly Av
account VN letter Ly—
advance 7 K3V A library A4 77—
advantage T RN T = license 74 A
advice 7 KA R magazine ATV
agenda TYIVY manifest Y=7 xR
amateur TXFaT manner <) —
anchor 7N marble ~—7 I
answer 7 = margin =
appeal 7E—IL massage T Wir=
arcade T=9= matrix SN
architect 7—%77 b measure AP v —
aspect 7 ANXYT b medicine AT 4>
attempt VA merchant <v—F > b
auction F—=r av message A=
(Continued)
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Target words

English item Japanese katakana item English item Japanese katakana item
autumn FT—4 A method Ay K
avenue TN=a2— minister I=RY=
balloon NV — miracle I77N
ballot AN=R7N mirror 7=
basket AV.SAAN mission Ivyav
blanket AN moment EF—X b
bottom R hA monster EVARY—
bracket 727y b morning E—=27
breast 7L A B motion E—Y3av
breath 7L A mountain XUV T Y
bronze VAT muscle ~ v A
buffalo Ny 7 70— museum 2a=UT7 b
buffer Ny T 7 — nature ==
bullet AN needle =\
bulletin TLT 4V notice =T 4R
bundle NV R notion JS—=yav
burden N— R number F A=
business EYAA occasion Fr—yav
butter N — office 74 A
cabinet FrExy b opinion TeE=7%4>
camera H AT opponent FTHR—%> b
candle Fr> RN option F7 T av
cannon h S palace N A

career Fr )7 parade /NL—F
cartoon )= > = paradise INTI AR
castle Fr v AL paradox NT Ry T A
catalog Ayay pencil NI
cathedral Vvl peninsula N=>ao
cattle F+ b period EY A K
ceiling =7 personnel R—Y L
century L Fal)— phantom 77V MNA
challenge FrLry planet 7' % v h
champion FrrEty plastic TIARAFY
chance FrA pocket w7y b
channel F v AL poison A AN
chapter Fr 7Y — police m) A
character Fro 75— politics KT 4 7R
charter Fr—9— poverty RANT 4 —
cherry Frl)— priest 7' —=Ah
chocolate Faal—h prince 7)) A
church Fr—F principle TN T N
circuit F—=Fvh prison 7)) X
circus H—=A A privilege TNy

(Continued)
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Table B1. (Continued)
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Target words

English item Japanese katakana item English item Japanese katakana item
cluster JIARY — profile 7 a7 4—)b
college AL vy program a7 A
comment a Xy b promise =S
complaint a7 LAYk protest Z7'a7 A b
component D e SV rabbit A= AN
condition a>yr4¥ay receipt L>—b
conflict a>zy 7k recipe LI E
content av7 b rescue L AFa2—
corner T =r= result R/
couple H w7 rocket (s EANN
course a—R salary +o)—
courtesy =7 — sample 7
credit VAN satellite b N
crystal 7)) A% scheme AF—A
culture AINF ¥ — school A7 =
damage FA—= search H—F
danger TV r— secretary 7L 81—
debate 7 A N—] sentence T A
defense TAT7LURA session yiav
degree TAT)— shadow >y F—
design THA shield =)L K
diagram TAXT T A soccer v AH—
diamond FA4rXEVN socket VAN
dilemma TLrw soldier VLY —
disaster TAFRAY— source V=R
disease TAY—=R speech AE—F
district T4 ANY) 7B sponsor ARV —
doctrine AN square AJLT
domain XA stance AY VA
donkey R ¥F— statue R 5=
dragon [N status AT—4F A
dungeon yryav street A=}
effort 74— h strength ANLYT R
elephant L 77> h string AN T
embassy TNy = studio AYTF
emergency ER=Y 2y Y= summer -
emperor YN = surface -7 R
episode EY—F syndrome D2 s BN
example 7T system AT A
expert IF A/8—h talent gL b
fashion Zrvyay target F="7w |
fatigue 77T 4= technique TIEDY
fellow 7 zd— template 77 L—h
(Continued)
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Table B1. (Continued)
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Target words

English item Japanese katakana item English item Japanese katakana item
finance 77A4F A temple TV
flavor 7 lr=r¥= territory 71) M) —
flight 774 b texture TIAF ¥ —
friend LYK theatre 77 v
garbage A=y thread ALy K
garlic A=) w7 threshold AL wv¥anhi
gender Ty — toilet b L

grease 7)) =R traffic [N 4
guitar ¥ — tragedy NPT 4 —
hazard NHF— K treaty ) =7F 4=
helmet ANIL Ay B tunnel N V2
heroin N =E % twilight 7424 b
horizon N vanilla NR=F
husband ANV R vehicle el /%
impact EINZAVAN venture N Fr—
incentive 1> 747 version N—=2 3
industry AT AR — veteran N7 7
insect 4> 7 b village EF=Y=a
instinct AYAT 4> 7 b violin A F) >
interest AL A vitamin EYISY
interval Ay —,3L volume ") z—A
interview Ay Ea— weather 7 T H—
jacket Ty b whistle wA v AN
leisure Lyy— witness 7 S
Pseudowords

English pseudoword

Japanese pseudoword

English pseudoword

Japanese pseudoword

aurent FT—L> bk tusson g
acceine TI7ReTAY wenter VLY —
adhalls 7 K= X fiquory T4 74— —
agsantays T T—R ficemns T4 LY R
adhace 7 RN— 2 magakals TFEFXANLR
afence I—7x1 A sunisest P=£A b
adaleer TT=L7 rander I =
anscar 7 VAN — mandle TV
arsher V== manfin T AY
asteal T AT 4 —Ib mampage 20 S
arpide VAR N matrok < hav 7y
arquitome T—74 bF—=A moolure L—ILT
aslact T7AZ 7 b puticine NT 43 A
allempt rT—L>7 b murshant =+ b
alfsion TINTYay russage Fe=y
augemn T =L sothod 2N

(Continued)
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Table B1. (Continued)
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Pseudowords

English pseudoword

Japanese pseudoword

English pseudoword

Japanese pseudoword

adelua I—TNT sarister =) A5 —
callein I—L— sulacle F7y 7
battot AN NN middor =
bamjet NAY v b mistein S Y a4
spanret AR mobant ENAV B
bottap Ry v runster FURY —
flicket AURAA serning H—=7
cleast 71)—X b moroan E—O—r
brealt 7)) =L b moontail L= T =)
broifs a4 7R mubsle <7
beddalo Xy o— rupeup )2— X777
bencer NP 4= narire F—1
buttet AT v b nooble X =7 )\
bullelad NLZy R nolive STAT
bentle XN noroan J=HE=
berpen IN=AY nurger =7 —
beskness NAT 3 A utrasion ThrZ¥av
custer HAY— uffive 77747
cabilyl Fre)iL osation FTx—3arv
mitera 2P=F= ummonent 7E—3hF
cargle H—=7 ultion TV a3y
bannan AV pasave N —7
caloar Fro— patode AN N
cangoon Fro = parafoys N—=F T 4 X
basple INAT N parafua N—=FT7
catanif Fry=—7 pengyl X F L
cawreblol a—L7aj)L maniscula N=AHT7—
bastle INA LIV secion B2
caesing Frz> T pervalnel APV i
cunducy HT T — knintom =V hA
trallemns fo—L AV R sparet AXR—L v b
stemmion AT LA XV spustic ANAT A YT
charks Fr—7 R micket SR
shinnel V2 pokbon N/
chimter FANY — polyll R
stonacter ANF 75— selitick V747
spanter ANV G — miverry SAN =
shurry Syl — proost 7L —A b
trugolate f)az—TL—} prirks VAZASY/ S
chumbs F T A prinnidra TN=RKF7—
cirveat H—E—F prunon TN a— /v
cibsus STHRX prutilige TI3T4T4Y
ploster TaRY— progale 7'as—)

(Continued)
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Pseudowords

English pseudoword

Japanese pseudoword

English pseudoword

Japanese pseudoword

collind al) > K protrem 70 LA
combant AN propire A=RAv
complepts a7y 7Y flolest ZOa—L A b
cotcenent avziyh pobbit rEY b
catcition Frva4rav recooed La—%F
conflart a>77—h regiva L F/3—
corlent a—L >k resceb L A&7
comder ALY — recuch LAy F
coamle I—AI secket <7 v b
counge HoVY pomary RA—1)—
coattefy Sl—=7 7 4 — mimple IV
brudit 777 4 v b sesellint )k
spyntal AE>F I scheks ATy 7 A
cutfure A7 7 schoob R7—T
dowage K7z —o rearch )7 F
pinger = e polmetary RV AT—1)—
decand THFYUHN muntence IUT VA
defasks TI77ATA russion 7y av
detrie Fh) T chadox Fr v 7R
desait THA R chield F—I K
diacley TAT7T7Y— muccer %7 H—
riemond Z4EV N ricket DR/
dimagma TARTI— sotsier YT
disedler TA42FT— rource o— 2
disiard TAYT IR spouch AN F
distroke TAAMT—7 plonsar 7ayH—
daxtrine TIANTA squank AT 77
somacs A/ starks AY =7 A
runkey ZF— shamue ¥ dp b=
slayon AL —7%> staros 29 —a X
rungelf ZVINT screet A7 Y—h
effake I7x—7 strossrs A b ALK
eleflite IL7714h strint NN
escussy IAAY— chuciu Fr>T—
emerkarry IXv—F+1)— mimmer IT=
itceror A Y 7 =H8= surfole F—=7+—
epimige IEYAY synchime VI NA A
exaybra SEd ) T — myntem VT A
esdert FEARY = p lasent L—&>h
fandein TTIT =Y larbet 77—y |
fataked 777 —7h tentnifts Ty h=T7Y
lullow 00— templent TYTLY b
finives 74 FANRK tepple TV

(Continued)
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Table B1. (Continued)

Pseudowords

English pseudoword Japanese pseudoword English pseudoword Japanese pseudoword
spavar OAVATS banvitory NP E ==
spight ANA B telfure TIVTT
thiend AN cleadra JLK7—
ganbays FroRX—X squead A7 xzy N
wanlic 4 squeshogs A7 xzvaygx
wenger 7 — tiklet 747Lv b
groose 7 N—RA chiffic F747
gukbar H 73— stapeby RT=Nlg=
haxand INTHR cheety =T 4=
huldet VT R lennel L &b

loroid o—oA K smilives AITANRK
farizin 77— nosilla Y=
hubtand NT IR vezigra RY P =
imbict A>E7 b visture EAY T
invantics AT 4 TR vipsion E7Yayv
indombly A K> 71)— nuderan Za=P=7Y
ingell Ay vellays L —X
indlisks A RK)ATA vionad E7+v K
uncerers 7 o= =R vitasad EyHy R
enterpol VY —kRIL vusume INA—A
interpoof Ay —T—7 woenter Jx—>Y—
vicket Er vy b drisple UM%
liecure 7477 wadness 7 KA

Note. Items tested in this study include 250 English items originally sampled by Miwa et al. (2014) and their Japanese katakana equivalents used by Taylor and Mukai (2023). The original stimuli
were selected from the English Lexicon Project (Balota et al., 2007) according to frequency and length criteria and further screened for concreteness and familiarity. Although a few items (e.g.,
complaint, courtesy, personnel ) include more than one morpheme, they were retained for consistency with these established stimulus sets and to ensure comparability across studies. Full details
on lexical characteristics (e.g., L1 and L2 frequency, length, concreteness/imageability, and phonological overlap measures such as Levenshtein distance) are reported in those studies.
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