Bilingualism: Language and
Cognition

cambridge.org/bil

Research Article @

Cite this article: Tarin, K., Heranadez-Rivera,
E., Iniesta, A., Palma, P., Whitford, V. and
Titone, D. (2025). When sentence meaning
biases another language: an eye-tracking
investigation of cross-language activation
during second language reading. Bilingualism:
Language and Cognition 1-13. https://doi.org/
10.1017/S1366728925000380

Received: 11 January 2024
Revised: 18 March 2025
Accepted: 24 March 2025

Keywords:

eye-tracking; language co-activation; second
language reading; semantic bias; interlingual
homographs

Corresponding author:
Karla Tarin;
Email: karla.tarin@mail.mcgill.ca

© This research article was awarded Open Data
badge for transparent practices. See the Data
Availability Statement for details.

© The Author(s), 2025. Published by Cambridge
University Press. This is an Open Access article,
distributed under the terms of the Creative
Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0), which
permits unrestricted re-use, distribution and
reproduction, provided the original article is
properly cited.

CAMBRIDGE

UNIVERSITY PRESS

When sentence meaning biases another
language: an eye-tracking investigation of
cross-language activation during second
language reading

, Esteban Heranadez-Rivera®?, Antonio Iniesta™,
, Veronica Whitford® and Debra Titone'

Karla Tarin®?
Pauline Palma*

"Department of Psychology, McGill University, Montréal, QC, Canada; *Department of Psychology, Centre for Research
on Brain, Language, & Music, McGill University, Montreal, Quebec, Canada and *Department of Psychology, University of
New Brunswick, Fredericton, NB, Canada

Abstract

Bilingual adults use semantic context to manage cross-language activation while reading. An
open question is how lexical, contextual and individual differences simultaneously constrain this
process. We used eye-tracking to investigate how 83 French—English bilinguals read L2-English
sentences containing interlingual homographs (chat) and control words (pact). Between subjects,
sentences biased target language or non-target language meanings (English = conversation;
French = feline). Both conditions contained unbiased control sentences. We examined the impact
of word- and participant-level factors (cross-language frequency and L2 age of acquisition/AoA
and reading entropy, respectively). There were three key results: (1) L2 readers showed global
homograph interference in late-stage reading (total reading times) when English sentence contexts
biased non-target French homograph meanings; (2) interference increased as homographs’ non-
target language frequency increased and L2 AoA decreased; (3) increased reading entropy globally
facilitated early-stage reading (gaze durations) in the non-target language bias condition. Thus,
cross-language activation during L2 reading is constrained by multiple factors.

Highlights

o Second language (L2) readers co-activate languages as a function of context

o We tested if context can both reduce and enhance co-activation using eye-tracking
o English sentences biasing French versus English meanings led to more co-activation
o Co-activation varied with the relative frequency in English/French of target words

o Co-activation varied with the bilingual experience of L2 readers

Bilingualism is often conceptualized as the ability to switch between two separate language
systems. However, bilinguals’ languages are intricately connected and frequently interact, even in
monolingual contexts (Bergmann et al., 2015; Giezen & Emmorey, 2016; reviewed in Bailey et al.,
2024). Language co-activation is particularly evident during reading, which requires rapid access
to lexical representations from semantic memory (Duyck et al., 2007; Libben & Titone, 2009;
Palma & Titone, 2020). This phenomenon is often studied through interlingual homographs —
words that share orthographic form but differ in meaning across languages (e.g., chat = “informal
conversation” in English and “cat” in French). When presented in isolation, homographs often
elicit processing delays and higher error rates compared to language-unique words matched for
length and frequency (i.e., interlingual homograph interference, e.g., Beauvillain & Grainger,
1987; Gerard & Scarborough, 1989; von Studnitz & Green, 2002). Models such as the Bilingual
Interactive Activation Plus (BIA+; Dijkstra & van Heuven, 2002, 2013; Jared & Szucs, 2002) and
Multilink (Dijkstra et al., 2019), suggest this interference stems from competition between a
word’s multiple meanings due to shared orthographic and phonological features (e.g., De Groot
& Nas, 1991; Dijkstra et al., 1998, 2010).

Notably, bilingual reading demands both within- and cross-language lexical ambiguity
resolution (e.g., interlingual homographs, chat). To account for this, Degani and Tokowicz
(2010) extended unilingual approaches such as the Reordered Access Model (Dulffy et al., 1988)
into a Three-Factor Framework, which emphasizes how context can bias interlingual homograph
interpretation toward target language meanings (chat in an English sentence about conversa-
tions) or non-target language meanings (chat in an English sentence about veterinarians). The
idea of contexts semantically biasing a non-target language meaning is particularly interesting, as
it should produce greater rather than lesser cross-language activation for specific sentences or
globally for an entire task session. This idea recalls Grosjean’s Language Mode Hypothesis (2001),

https://doi.org/10.1017/51366728925000380 Published online by Cambridge University Press


https://orcid.org/0009-0003-4035-4815
https://orcid.org/0000-0002-6950-7761
https://orcid.org/0000-0001-9060-9896
https://doi.org/10.1017/S1366728925000380
https://doi.org/10.1017/S1366728925000380
mailto:karla.tarin@mail.mcgill.ca
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/licenses/by/4.0
https://doi.org/10.1017/S1366728925000380

according to which, bilinguals operate along a continuum of acti-
vation, from a “monolingual mode” (with the non-target language
suppressed) to a “bilingual mode” (with both languages active).
When context biases target language meanings, bilinguals may shift
toward a monolingual mode, reducing interference. Conversely,
when context biases non-target language meanings, bilinguals may
shift toward a “bilingual mode,” amplifying interlingual homo-
graph interference.

In addition to its emphasis on context, another key aspect of the
Three-Factor Framework is its integration of word-level and
participant-level factors during bilingual reading. Within this view,
resolving cross-language ambiguity in context is shaped by word-
level properties (e.g., cross-language status, relative frequency) as
well as participant-level factors (e.g., L2 AOA, language experi-
ences). Of relevance here, while these factors have been studied in
isolation, their simultaneous, interactive effects are less understood.
As will be seen, the current study addresses this gap by examining
how these factors interact to shape bilingual reading. In building to
this study, we first review relevant psycholinguistic research on
cross-language competition during sentence reading, focusing on
how context can create bias at both the target and non-target
language levels, the role of word-level properties and readers’
unique language experiences.

1. Cross-language activation: semantic bias toward target
language and non-target language meanings

Many studies have investigated how semantic context constrains
interlingual homograph comprehension (reviewed in Lauro &
Schwartz, 2017). Schwartz and Kroll (2006) first investigated this
with Spanish—-English bilingual adults of varying English profi-
ciency. Participants read English sentences one word at a time,
using rapid serial visual presentation (RSVP). Interlingual homo-
graphs (e.g., fin meaning “end” in Spanish) appeared in a different-
colored font, and participants named the colored word aloud as
quickly and accurately as possible. Critically, sentences preceding
the appearance of the interlingual homograph were either seman-
tically biased (e.g., “From the beach we could see the shark’s fin pass
through the water”) or unbiased (e.g., “We felt a bit nervous when we
saw the fin of the shark in the distance”). Results showed that cross-
language activation occurred for all bilingual readers in that they
made more naming errors for interlingual homographs compared
to control words when the sentence context was neutral. However,
when the same words appeared in highly constraining sentences,
bilinguals with lower English proficiency showed reduced interlin-
gual homograph interference, suggesting that the sentence context
helped them to inhibit contextually inappropriate cross-language
meanings.

Recent studies have employed more naturalistic methodology,
such as eye-tracking (e.g., Libben & Titone, 2009; Pivneva et al.,
2011; Titone et al., 2011; reviewed in Whitford et al., 2016), enabling
real-time examination of bilingual reading (reviewed in Paterson
et al, 2007; Rayner, 1998). In this method, measures such as first
fixation duration (FFD; duration of the initial fixation on a word),
gaze duration (GD; sum of all fixation durations on a word during
its first-pass reading), and word skipping (probability of not fixat-
ing a word during its first-pass reading) reflect early-stage lexical
access. In contrast, measures such as go-past time (GPT; sum of all
fixation durations on a word during first-pass reading and any
refixation durations on earlier occurring words, until a saccade is
made to a later occurring word) and total reading time (TRT; grand
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sum of all fixation durations on a word) reflect later stage processes
like semantic integration and ambiguity resolution.

For example, Libben and Titone (2009) used eye-tracking to
investigate French—English bilingual adults reading L2 (English)
sentences containing interlingual homographs (e.g., chat) or
matched control words (e.g., pact) in high-semantic versus low-
semantic constraint sentence contexts. Because their interest was to
examine how context dampened cross-language activation, they
selected interlingual homographs for which the English word form
was less frequent than the French word form. This is to maximize
the likelihood of cross-language activation when people read Eng-
lish sentences. Similar to Schwartz and Kroll (2006), during early-
stage reading (FFD, GD, skipping), bilinguals showed robust inter-
lingual homograph interference regardless of contextual constraint.
However, during late-stage reading (GPT, TRT), bilinguals showed
reduced interlingual homograph interference for sentences with
high-semantic but not low-semantic constraints. Subsequent work
using the same materials found evidence of interlingual homograph
interference during first language (L1) reading, though to a lesser
extent (Titone et al,, 2011), and that greater executive control cap-
acity patterned with less cross-language activation for L2 readers (see
also, Pivneva et al., 2014).

Semantic context can also bias interlingual homographs toward
non-target language meanings. For example, the English sentence
“When the veterinarian noticed the sickly animal, she had a thor-
ough chat with the owners” biases the French meaning of the word
chat (i.e., cat). Jouravlev and Jared (2014) addressed this issue by
examining contexts biasing the non-target language meaning. In an
event-related potential (ERP) study, Russian—English bilingual
adults read L2 (English) sentences containing Russian/English
interlingual homographs (e.g., por/mouth in Russian) and the
English translations of the interlingual homographs’ Russian mean-
ing (e.g., mouth). The semantic context always biased the non-
target L1 (Russian) meaning of the interlingual homograph (e.g.,
“To see Tom’s throat, the doctor asked Tom to open his poT /mouth).
Results showed that bilinguals exhibited comparable N400 ampli-
tudes for interlingual homographs and semantically plausible Eng-
lish words, suggesting they effectively used the context to integrate
the non-target L1 (Russian) meaning. However, the study design
did not clarify whether a prior context biasing the non-target
language meaning could interfere with comprehension if the target
language meaning was intended (e.g., a prior context mentioning
mouth, while the kitchen-related meaning of port was intended).

Hoversten and Traxler (2016) examined contexts that biased
both target and non-target language meanings using eye-tracking.
Spanish—English bilingual and English monolingual adults read
English sentences containing Spanish—English interlingual homo-
graphs (e.g., pie meaning “foot” in Spanish), where the context
could bias either the target English meaning (e.g., “While eating
dessert, the diner crushed his pie accidentally with his elbow”) or the
non-target Spanish meaning (e.g., “While carrying bricks, the
worker crushed his pie accidentally with the load”). The authors
observed no interlingual homograph interference during early-
stage reading (GD), regardless of language bias condition or par-
ticipant group. Thus, bilinguals did not automatically activate the
interlingual homographs’ L1 (Spanish) meaning. However, the
authors observed group differences during late-stage reading
(TRT), with bilinguals experiencing less overall slowing than
monolinguals integrating interlingual homographs into incoherent
conditions. Thus, bilinguals spent less time reading English sen-
tences that required the integration of interlingual homographs’ L1
(Spanish) meaning.
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Collectively, these studies suggest that bilingual adult readers
can adeptly use the semantic bias of sentences to modulate cross-
language activation of interlingual homograph meanings. We now
turn to factors that potentially modulate this process, such as word
frequency and language experience.

2. Cross-language activation: effects of word frequency and
language experience

According to the Three-Factor Framework, word-level properties
such as word frequency should also influence language co-activation
and how context may be used to resolve ambiguity (Degani &
Tokowicz, 2010). Word frequency has two key dimensions: a word’s
frequency within a given language and its relative frequency across
multiple languages. Lower-frequency words (e.g., endemic, outbreak)
are generally processed more slowly and less accurately than higher-
frequency words (e.g., people, house), especially in the L2 (reviewed in
Rayner, 1998; Rayner et al., 2004; Whitford et al., 2016). Importantly,
relative frequency also matters. For instance, although chat is com-
mon in English, French-English bilinguals might default to its
French meaning (“cat”) when the word is presented without context,
due to its higher frequency in French.

A review of past work suggests that cross-language word fre-
quency varies across studies. For instance, Hoversten and Traxler
(2016) used interlingual homographs with balanced word frequen-
cies across both languages (English, Spanish), which may have
limited early-stage non-target activation (moreover, their Span-
ish—English bilinguals may have been reverse dominant, being
more efficient L2 versus L1 readers). In contrast, Jouravlev and
Jared (2014) examined words more frequent in the target language
(English), possibly dampening cross-language activation effects.
Finally, Libben and Titone (2009) deliberately selected interlingual
homographs for which the target language (English) meaning was
lower in frequency compared to the non-target (French) meaning
(e.g., manger is less frequent in English “animal feeding trough” than
in French “to eat”). Their goal was to determine whether a biased
semantic context would reduce interlingual homograph interference;
thus, their materials, by design, maximized such interference in
semantically neutral conditions. These differences underscore the
need for more systematic investigation of how frequency — within
and across languages — modulates cross-language activation.

The Three-Factor Framework (Degani & Tokowicz, 2010) sug-
gests that bilingual experience should also impact reading behavior.
For example, readers who have very early L2 AoA or communicate
in highly bilingual social contexts may be more sensitive to lan-
guage context than those who read in a less dominant or less
practiced L2. The BIA+ (e.g., Dijkstra & van Heuven, 2002, 2013;
Jared & Szucs, 2002) and Multilink (Dijkstra et al., 2019) models
emphasize the importance of historical factors such as L2 AoA in
modulating language co-activation. Specifically, L2 AoA influences
the degree and nature of cross-language activation, as early L2
acquisition is linked to more integrated lexical and semantic rep-
resentations, leading to higher cross-language activation (reviewed
in Palma & Titone, 2020; Titone et al., 2011; Whitford et al., 2016).
Consistent with this, Titone et al. (2011) found greater interlingual
homograph interference during L1 reading for bilinguals who
acquired their L2 early in life. This coheres with other studies
showing how individual differences in linguistic background
(Schwartz & Kroll, 2006) and cognitive capacity (Pivneva et al.,
2014) modulate semantic bias effects in interlingual homograph
processing.
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In addition to historical bilingual experiences, bilingual experi-
ence can vary multidimensionally (e.g., Baum & Titone, 2014;
DeLuca et al, 2019; Gullifer and Titone, 2020; Gullifer et al.,
2021; Luk & Bialystok, 2013; Titone & Tiv, 2023). For example,
bilinguals can vary in how they distribute their language use even
when holding L2 AoA constant. Some bilinguals compartmentalize
the use of their L1 and L2 across specific social settings and/or times
of the day. Other bilinguals adopt a more integrated approach,
using both languages throughout the day and across social contexts
(e.g., Gullifer & Titone, 2020; Luk & Bialystok, 2013; Titone & Tiv,
2023; Tivetal, 2021). Such differences can be captured by measures
such as language entropy (Gullifer & Titone, 2020; Kalamala et al.,
2022; Li et al,, 2021; see Iniesta et al., 2025, for evidence validating
this measure as capturing socially realistic language use). Lower
language entropy (pertaining to reading specifically) indicates pre-
dictable use of multiple languages (i.e., language compartmental-
ization), while higher entropy suggests less predictable, more fluid
language use (i.e., language integration). Importantly, language
entropy predicts language proficiency (Gullifer & Titone, 2020),
executive function (Gullifer & Titone, 2021a; Li et al., 2021) and
cognitive adaptations related to language fluency (Gullifer &
Titone, 2021b). However, few studies have examined how entropy
affects cross-language activation during bilingual reading.

3. The current study

As proposed by the Three-Factor Framework (Degani & Tokowicz,
2010) and supported by prior work reviewed above, lexical, con-
textual, and individual factors all modulate interlingual homograph
processing during bilingual reading. However, little is known about
how these factors simultaneously interact to impact eye movement
measures of reading among bilinguals.

To address this gap, we examined how French—English bilin-
guals process interlingual homographs in L2 (English) sentences,
with sentence contexts biasing either the target (English) or non-
target (French) meaning. We also investigated the roles of word-
level properties (e.g., cross-language word frequency) and
participant-level factors (e.g., L2 AoA, reading-related entropy).
Our research questions were threefold. First, how do French—
English bilinguals process interlingual homographs embedded in
L2 (English) sentences that bias the target language meanings? For
example, when an English sentence biases the meaning of chat as
“conversation” versus non-target language meaning “cat.” This
question examines whether semantic context influences the
readers’ language mode. That is, shifting from a monolingual mode
(where one language is highly active and the other is suppressed) to
a bilingual mode (where both languages are active to varying
degrees) and vice versa, as shown by differential cross-language
activation during reading (Grosjean, 1998, 2001). Second, how do
word-level properties, such as cross-language word frequency,
modulate interlingual homograph processing? For example, chat
is more frequent in French versus English. Third, how do individual
differences, such as L2 AoA and current reading habits (i.e., reading
entropy), interact with the above?

To address the first question, L1-dominant French—English
bilinguals read L2 (English) sentences containing interlingual
homographs or matched language-unique control words. Context-
ual bias for each sentence was manipulated in two ways: first, each
sentence was manipulated for semantic bias (biased versus neutral
context toward the target word). Within the biased condition, we
further manipulated the context to constrain interpretation toward
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either the target language (L2-English) or the non-target language
(L1-French) meaning of the interlingual homograph. Participants
were exposed to only one of the two language-biasing conditions to
prevent shifts in language mode due to the varying contextual cues,
ensuring that language mode remained consistent within each
group.

We hypothesized that semantic bias and language bias would
jointly affect interlingual homograph interference, with larger
effects in late-stage (TRT) reading compared to early-stage (GD),
as TRT reflects semantic integration (Hoversten & Traxler, 2016;
Libben & Titone, 2009). Specifically, we expected sentence context
to either reduce or amplify interlingual homograph interference,
depending on whether it biased target or non-target language
meanings. We predicted heightened interference for non-target
language bias contexts as it would lead to pre-selection of the
unintended L1 (French) meaning, enabling co-activation of both
languages and eliciting a bilingual mode. In contrast, when sentences
biased target language (L2-English) meanings of the interlingual
homographs, we expected reduced interference, as the context would
facilitate the pre-selection of the intended L2 (English) meaning,
suppressing the non-target L1 and eliciting an L2-only mode.

To address the second question concerning the impact of word-
level properties, we included interlingual homographs with a broad
range of cross-language word frequencies (e.g., “note”, with a
higher English frequency score compared to French versus “chat”
with a lower English frequency score compared to French), rather
than only those items that had higher form frequency in the non-
target language (e.g., Libben & Titone, 2009). We hypothesized that
interlingual homographs with higher non-target (L1-French) word
frequencies would produce longer reading times, as a higher fre-
quency in French could make the non-target L1 meaning more
difficult to inhibit during L2 reading. Additionally, we predicted
this effect would be especially evident when the sentence context
biased the L2 (English) meaning, as activation of the intended L2
meaning would conflict with the strong, highly frequent L1
(French) meaning, thereby increasing processing difficulty.

To address the third question, we examined whether individual
differences in historical language use and current exposure modu-
lated L2 (English) interlingual homograph processing. Our first
measure was L2 (English) AoA, as it indicates people’s historical
language use, reflecting when a person first began acquiring their L2
(de Leeuw & Bogulski, 2015; Gullifer et al., 2018; see Elsherif et al.,
2023 for a review). As a measure of language history, L2 AoA offers
a window into long-term language experience but does not capture
present-day language patterns. To account for this, we examined
reading entropy, a measure of current reading habits across
languages.

We hypothesized that bilingual adults with earlier L2 AoAs
would exhibit shorter overall reading times and more pronounced
interlingual homograph interference across semantic conditions,
evidenced by greater differences in fixation durations between
interlingual homographs and language-unique control words. This
would suggest more integrated lexical and semantic representa-
tions across languages, resulting in higher levels of language
co-activation (Palma & Titone, 2020; Whitford et al., 2016; see
also Titone et al., 2011). Additionally, we hypothesized that
bilingual adults who frequently read in two languages, as indicated
by higher reading entropy, would exhibit reduced interlingual
homograph interference when context biased the non-target lan-
guage (L1-French) meanings of interlingual homographs. We
hypothesized this would arise because higher entropy readers
would be more practiced at flexibly and proactively managing
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cross-language activation during bilingual reading than lower
entropy readers (e.g., Gullifer & Titone, 2021a).

4. Methods
4.1. Participants

We tested 83 Ll-dominant French—-English bilingual adults
(Mage = 22 + 3.87 years). All had normal or corrected-to-normal
vision and no self-reported hearing, language, neurological or psy-
chiatric disorders. Participants received either $10/hour or course
credit for their time.

Participants were recruited from Montreal, Quebec, a linguis-
tically and culturally diverse city, where bilingualism is common.
Most residents navigate both French and English in everyday life
across a variety of domains (Kircher, 2014; Lamarre, 2013; Titone &
Tiv, 2023). All participants completed a self-report language history
questionnaire to confirm French as their L1 and language exposure
and proficiency across groups (all p values >.05). Participants were
randomly assigned to either the target (i.e., English) or non-target
language (i.e., French) biasing condition (see Section 4.2). Slight
differences in writing proficiency were noted between groups (see
Table 1). No differences were found in speaking or reading profi-
ciency. These are addressed in Section 6.

Additionally, we computed a reading-based language entropy
score for each participant from the language questionnaire data,
reflecting current patterns of language use in reading. Reading
entropy was calculated as follows: first, the questionnaire asked
participants to estimate the percentage of time spent using each
language in various contexts, including reading (e.g., “What per-
centage of the time do you use English/French/other languages to
read?”) across a variety of domains (e.g., “when at home?”, “school/
work?”, “socially?”). We then used the languageEntropy R package
(Gullifer & Titone, 2020) to calculate reading entropy. The calcu-
lation of reading entropy is determined by the equation H = —
2% _,P;log ,(P;). Here, n represents the total number of possible
languages (in this case, n = 3 for English, French, Spanish), and P;
represents the proportion of language usage (PEnglish = 0.9,
PFrench = 0.05, PSpanish = 0.05). The sum is multiplied by —1
to yield a positive entropy value. The lower bound of entropy is
zero, indicating that one language is used exclusively 100% of the
time (functional monolingual). When there are only two possible
languages, the upper bound of entropy is one, representing max-
imal language entropy (50% usage of each language). As the total
number of possible languages increases (e.g., trilingual), the upper
bound of entropy also increases.

4.2. Procedure

Participants’ eye movements were recorded using an EyeLink1000
desktop-mounted system (right-eye recording, 1-kHz sampling rate,
spatial resolution of 0.01°, and mean accuracy of 0.25°% SR-Research,
Ontario, Canada). Before the task, calibration was performed using a
5-point cross (average fixation error was less than 0.5° of visual
angle). A drift correction point was presented before the onset of
each sentence to ensure tracking accuracy. A padded headrest min-
imized head movements.

Experimental sentences were presented in yellow 10-point
Monaco font (due to equidistant character spacing) on a black
background using EyeTrack software developed at the University
of Massachusetts Ambherst). Sentences were displayed in a single
line (maximum characters = 75, with 3.2 characters subtending 1°
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Table 1. Participant’s characteristics

Target language biasing task

Non-target language biasing task

English French
(n=42) (n=41)
Sex (female-male) ratio 29:13 30:11
Age (years) 25 27
Range Mean (SD) Range Mean (SD) t(p)
L2 AoA (years) 0-24 9.11 (4.95) 0-13 7.28 (3.96) 1.81 (.074)
Language exposure (current%)
French 10-100 52.76 (20.21) 15-90 53.94 (17.67) 0.32 (.752)
English 0-90 44,31 (20.54) 10-85 44.11 (17.23) —0.08 (.933)
Reading entropy 0.00-1.22 0.69 (0.35) 0.00-1.36 0.82 1.73 (.088)
French proficiency
Reading 6-7 6.93 (0.26) 5-7 6.87 (0.40) —0.72 (.476)
Writing 57 6.93 (0.33) 47 6.62 (0.83) —2.12 (.037)
Speaking 6-7 6.95 (0.21) 5-7 6.90 (0.38) —0.77 (.441)
Fluency 67 6.95 (0.21) 5-7 6.80 (0.52) —1.73 (.099)
Overall Fr. proficiency 6-7 6.92 (0.26) 5-7 6.77 (0.58) —1.57 (.121)
Reading 3-7 5.64 (1.06) 3-7 6.03 (1.14) 1.45 (.151)
Writing 3-7 4.97 (1.01) 2-7 5.73 (1.01) 2.34 (.022)
Speaking 3-7 5.30 (1.14) 3-7 5.84 (1.18) 1.63 (.108)
Fluency 3-7 4.98 (1.12) 2-7 5.56 (1.57) 1.85 (.084)
Overall Eng. proficiency 3-7 5.26 (0.94) 2-7 5.66 (1.30) 1.60 (.114)

of visual angle) against a black background using a 21-inch View-
Sonic CRT monitor (positioned 57 cm from participants). Partici-
pants read a total of 72 sentences (36 containing interlingual
homographs and 36 containing control words). The onset of each
trial was initiated by fixating on a yellow, gaze-contingent box located
before the first word of each sentence.

Participants were instructed to press a button on a controller after
reading each sentence. To ensure attention throughout the task, a
simple yes/no comprehension question appeared on 25% of the
experimental trials. Following the sentence reading task, participants
completed a language history questionnaire. The study was approved
by McGill University’s Research Ethics Board (112-0909).

4.3. Materials

Target words were 36 French—English interlingual homographs
and their corresponding language-unique control words. English
and French word frequencies (occurrences per million words) were
obtained from CELEX (Baayen et al., 1995) and Lexique (New et al.,
2001), respectively. English control words were generated using
WordGen (Duyck et al., 2004) and matched the interlingual homo-
graphs for length, neighborhood density and frequency (see Table 2).
The word frequency difference score was calculated by subtracting
English word frequency from French frequency for each target word.
Negative values reflect lower English frequency, positive values reflect
higher English frequency and zero reflects balanced frequency
(M = —49.17, SD = 112.61, range = —368.44 to 156.42).

Half of the participants (n = 42) were assigned to the target
language bias condition (i.e., bias toward English homograph mean-
ings), while the other half (n = 41) were assigned to the non-target
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Table 2. Word length, neighborhood density and frequency (occurrences per
million words) for all interlingual homographs and control words

Neighborhood English French
Length density frequency  frequency
Interlingual 494 (1.49) 7.33(5.26)  38.39 (48.40)  50.53
homographs (57.97)
Control words 492 (1.50) 6.86(5.00)  35.47 (40.65) N/A

Note: Means and standard deviations are included in parentheses.

language bias condition (i.e., bias toward French homograph mean-
ings). Thus, a separate set of experimental sentences was created for
each condition. All sentences contained two coordinated clauses,
with target words (interlingual homographs and control words)
presented in a non-sentence final position. Target words were pre-
ceded by a word of at least five characters to minimize skipping, kept
identical across conditions.

For participants in the target language bias condition, sentences
either biased the English meaning of the target word or biased no
specific meaning (“neutral”). For instance, a biased sentence would
read: “When Jane finished talking to the real-estate agent, she had a
thorough chat with the owner.” Here, “talking” creates a semantic bias
toward the English meaning of chat (“informal conversation”). A
neutral sentence was also presented and would read: “When the
teacher found the missing wallet, she had a thorough chat with the
owner.” Here, the sentence context preceding the interlingual homo-
graph does not bias any meaning of the target word.

In contrast, in the non-target language (French) bias condition,
sentences either biased the French meaning of the interlingual
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Table 3. Sample stimuli for experimental conditions

Semantically
unbiased
(within subjects)

Semantically biased
(within subjects)

target word = INTERLINGUAL HOMOGRAPH — ILH

Target language bias  Non-target language
(between subjects) bias
(between subjects)

When Jane finished
talking to the real-
estate agent, she
had a thorough
chat with the
owner.

When the teacher
found the missing
wallet, she had a
thorough chat with
the owner.

When the veterinarian
noticed the sickly
animal, she had a
thorough chat with
the owner.

target word = LANGUAGE-UNIQUE CONTROL WORDS

When the women had
finally calmed
down, they made a
formal pact with
each other.

When the feuding nations ceased their fighting,
they made a formal pact with each other.

homograph or were neutral. An example of the biasing condition
would be: “When the veterinarian noticed the sickly animal, she had
a thorough chat with the owner.” Here, “veterinarian” and “animal”
create a semantic bias toward the French meaning of chat (“cat”),
although the English meaning (“informal conversation”) is intended.
Again, a neutral sentence was presented. This could read: “When the
teacher found the missing wallet, she had a thorough chat with the
owner.” Here, the context does not bias any specific meaning.

Finally, for each sentence containing interlingual homographs, a
set of two sentences containing a matched control word was cre-
ated. One sentence included the control word in a semantically
biased context, and the other sentence was semantically neutral (see
Table 3 for a summary of experimental conditions and sample
stimuli). This ensured that each participant saw a control sentence
matched for both context and target word.

5. Results
5.1. Sentence comprehension

Participants’ sentence comprehension scores were high (M = 96.25%,
SD = 7.40), indicating good task attention.

5.2. Sentence Eye movement data

The region of interest was defined as the target word of each
sentence (i.e., interlingual homograph or language-unique control
word). We analyzed two eye-tracking measures reflecting early and
late reading processes.! For early stages, we extracted gaze duration
(GD) due to its substantial overlap with other typical early measures
such as first fixation duration (FFD). Indeed, the two variables were
strongly correlated (r (81) =.822, p < .001). For late-stage reading,
we extracted total reading time (TRT). We applied a lower cutoff of

"Based on reviewer’s suggestion, we replicated the models for GD and TRT
using Regressions Out as the dependent variable. However, since our area of
interest consisted of only one word, very few regressions were captured. The
overall proportion of regressions across participants was approximately 0.2% of
the total data. This low percentage of data points prevented models from
converging.
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80 milliseconds to all fixations, and both GD and TRT were log-
transformed to correct for normality violations (skewness).

Data were analyzed using linear mixed-effects models (Baayen,
2008) in R (version 4.4.1; R Development Core Team, 2025) using
the Ime4 package (Bates et al., 2015). First, we checked if our
number of observations was suitable for our analysis. Brysbaert
and Stevens (2018) recommend “at least 1,600-word observations
per condition (e.g., 40 participants, 40 stimuli).” In this study,
observations from 83 participants (41 in the non-target language
bias condition, 42 in the target language bias condition) and from
72 words (36 interlingual homographs, 36 control words) were
included. This resulted in 5,976 observations for target words, with
3,024 observations for the target language bias condition and 2,952
observations for the non-target language bias condition.

Maximal random effects by subjects and by items were included
as warranted by the data (Barr, 2013; Bates et al., 2015; Hohenstein,
2017) using the buildmer package (Voeten, 2023). This R function
automates the process of stepwise model selection through back-
ward elimination, identifying the best model based on all possible
predictors and random effects. Maximal random effects structure for
our model included a random intercept by participant, a random
intercept by item, a correlated random slope for target word by
participant and a correlated random slope for target language versus
non-target language bias by item. We created plots of predicted data
using ggplot2 package (Version 2.3.0.0), which represent the effects
estimated by the linear mixed-effects models we constructed.

We conducted three sets of analyses, across our early (GD) and
late (TRT) eye movement reading measures, to address our three
research questions. First, how do L2 (English) reading patterns
differ when interlingual homographs are embedded in sentential
contexts that semantically bias the target language (English)
versus non-target language (French) meaning? Second, how does
cross-language word frequency (difference score) modulate the
above reading patterns? Third, how do individual difference
factors, namely, L2 AoA and reading entropy scores, modulate
the above reading patterns? Data analytic scripts are available on
the Open Science Framework, OSF (https://osf.io/4tg3u/).

5.2.1. Overall L2 interlingual homograph reading: semantic and

language bias in early and late reading measures:

We examined whether L2 (English) reading patterns differed when
interlingual homographs appeared in contexts semantically biasing
the target language (English) versus non-target language (French)
meanings. We fit two linear mixed-effects models (one for GD, one
for TRT) with fixed effects for: target word (interlingual homograph
versus control), semantic bias (bias versus unbiased), target language
versus non-target language bias (English versus French bias toward
interlingual homograph) and their interactions. Categorical predict-
ors were deviation-coded (control: —.5 versus critical: +.5) so that
intercepts reflected the grand mean across all conditions, and the beta
coefficients could be interpreted as main effects. A word frequency
difference score (continuous) was included as a covariate to control
for differences in word processing that may arise from English and
French word frequency differences. This variable was centered and
scaled to aid in model interpretation.

For our early reading measure (GD), we fit a Linear mixed effect
(LME) model with the following structure: gaze duration ~ target
word * semantic bias * target versus non-target language bias +
scale (cross-language word frequency) + (1 + target word |
subject) + (1 + target versus non-target language bias | item).
There were no significant main effects of target word (5 = .017,
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SE =.014, t = 1.205, p = .232), semantic bias (f = .005, SE = .014,
t=.378, p =.795) or target language versus non-target language
bias (f = —.005, SE = .037, t = —0.128, p = .899). Thus, during
early-stage L2 reading (for homographs that varied greatly in
terms of relative target versus non-target language frequency),
the processing of interlingual homographs and control words
was comparable, regardless of semantic and target language
versus non-target language bias conditions.

There was, however, a marginally significant interaction between
target word and target language versus non-target language bias
conditions (8 = .054, SE = .028, t = 1.909, p = .060). As shown in
the left panel of Figure 1, this reflected a trend toward slower GDs for
interlingual homographs (i.e., interlingual homograph interference)
for participants in the non-target language (French) bias condition,
but not for participants in the target language (English) bias condi-
tion. This effect did not interact with sentential semantic bias,
suggesting a global slowing of all interlingual homographs versus
control words as a function of target language bias (with the non-
target language bias group showing overall greater interlingual
homograph interference than the target language bias group).

For our late reading measure (TRT), we fit a model with the
following LME structure: total reading time ~ target word *
semantic bias * target versus non-target language bias + scale
(cross-language word frequency) + (1 + semantic bias| sub-
ject) + (1 + target versus non-target language bias | item). There
was a significant main effect of target word (f = .116, SE = .016,
t = 7.048, p < .001), where interlingual homographs had slower
TRTs than control words. There was a significant interaction
between target word and target language versus non-target lan-
guage bias condition (8 = .151, SE = .033, t = 4.589, p < .001),
where TRTs were slower for interlingual homographs for parti-
cipants in the non-target language (French) bias condition (see
Figure 1, right panel). Again, this interaction was a global effect
across each block that did not interact with sentential
semantic bias.

Control Word . Interlingual Homograph

5.2.2. Interactions with cross-language word frequency scores.
Results from early and late reading measures.

We subsequently examined how item differences in cross-language
word frequency modulated the results. Two linear mixed-effects
models were fitted (one for GD, one for TRT) with the following
fixed effects: target word, semantic bias, target language versus non-
target language bias condition, cross-language frequency scores and
their interactions. As a reminder, cross-language word frequency
scores refer to the English word frequency subtracted from the
French word frequency for each target word. This variable was
centered and scaled in the model. The maximal random effect
structure included random intercepts for participants and items.
Below, we only describe findings that involved cross-language word
frequency.

For our early reading measure (GD), we used a model with the
following LME structure: gaze duration ~ target word * semantic
bias * target versus non-target language bias * scale (cross-language
word frequency) + (1 | subject) + (1 | item). There was no significant
main effect or interactions involving the cross-language word
frequency scores (all p values > .05).

For our late reading measure (TRT) we used a model with the
following LME structure: total reading time ~ target word * seman-
tic bias * target versus non-target language bias* scale (cross-
language word frequency) + (1 | subject) + (1 | item). We found a
significant interaction between target word and cross-language word
frequency (f = —.038, SE = 017, t = —2.323, p = .021), where
interlingual homograph interference was greater when the target
word was more frequent in the non-target language (French) than
in the target language (English) (see Figure 2, left panel).

Additionally, there was a significant interaction between cross-
language word frequency and target language versus non-target
language bias (8 = .033, SE = .017, t = 2.027, p = .043). Here, TRTs
were slower when the target word was more frequent in the non-
target language (French) and occurred in the block where sentences

Control Word . Interlingual Homograph
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Figure 1. Predicted GDs (left) and TRTs (right) for target words under the target language versus non-target language bias conditions. Error bars reflect +1 SEM.
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Figure 2. Predicted TRTs for target words (left) and target versus non-target language bias condition (right) as a function of cross-language word frequency. Error bands reflect

+1 SEM.

biased target language (English) meanings only. Of note, this effect
did not interact with either word type (i.e., whether the target was an
interlingual homograph or control) or sentence type (i.e., whether the
target was strongly or moderately semantically biased toward the
target word). As such, these results reflect a more general effect,
where target language (English) bias and non-target language
(French) bias groups processed all words as a function of relative
interlingual homograph frequency (see Figure 2, right panel).

5.2.3. Interactions with individual differences in bilingual
language experience. Results from early and late reading
measures.

Finally, we examined how individual differences in language experi-
ence, namely L2 AoA and compartmentalized versus integrated
reading habits (i.e., reading entropy), modulated the results. Two
linear mixed-effects models were fitted (one for GD, one for TRT) to
capture two separate interactions: (1) one involving L2 AoA and
(2) another involving reading entropy. For the L2 AoA analysis, fixed
effects included target word, semantic bias, target language versus
non-target language bias condition, L2 AoA and their interactions.
For the reading entropy analysis, fixed effects included target word,
semantic bias, target language versus non-target language bias con-
dition, reading entropy and their interactions. Thus, each model
assessed the interaction of each individual difference measure while
functionally controlling for the interaction of the other individual
difference measure. Random effects included random intercepts for
participants and items. For brevity, we only report significant find-
ings of the highest order.

For our early reading measure (GD), we used a model with the
following LME structure: gaze duration ~ [target word * semantic
bias * target versus non-target language bias * scale
(L2 AoA)] + [target word* semantic bias * target versus non-
target language bias* scale (reading entropy)] + (1 | subject) + (1 |
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Figure 3. Predicted GDs for target words under target language versus non-target
language bias conditions as a function of L2 AoA. Error bands reflect +1 SEM.

item). We found a significant interaction between target language
versus non-target language condition and L2 AoA (f = .067,
SE = .031, t = 2.124, p = .036), where later L2 AoAs were associated
with slower L2 (English) reading times overall. This global effect
was more pronounced for the non-target language bias group (see
Figure 3).

Additionally, there was a significant interaction between target
language versus non-target language bias and reading entropy
(f = —.070, SE = .030, t = —2.260, p = .026). Specifically, lower
reading entropy was associated with slower L2 reading times for the
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Figure 4. Predicted GDs for target words under target language versus non-target
language bias conditions as a function of participants’ reading entropy score. Error
bands reflect +1 SEM.

non-target language (French) bias group, while no effect was found
in the target language (English) bias group (see Figure 4).

For our late reading measure (TRT), we used a model with the
following LME structure: total reading time ~ [target word *
semantic bias * target versus non-target language bias * scale
(L2 AoA)] + [target word * semantic bias * target versus non-
target language bias * scale (reading entropy)] + (1 | subject) + (1 |
item). Here, we found a significant interaction between target word
and L2 AoA (f=.056,SE=.017, t = —3.182, p = .001), where earlier
L2 AoAs were associated with greater interlingual homograph
interference (see Figure 5). No significant interactions were found
regarding reading entropy in late reading measures.

6. Discussion

Guided by bilingual processing models BIA+ (Dijkstra & van
Heuven 2002), the Three-Factor Model (Degani & Tokowicz,

2010) and the Language mode hypothesis (Grosjean 1998, 2001),
we investigated how French—English bilinguals process interlingual
homographs embedded in L2 (English) sentences that were seman-
tically and linguistically biased. These sentential contexts biased
either the target language (L2-English) meaning of the interlingual
homograph (e.g., chat was read in an English sentence biasing the
English “informal conversation” meaning), the non-target language
(L1-French) meaning of the interlingual homograph (e.g., chat was
read in an English sentence biasing the French “cat” meaning) or
neither.

Our first question investigated how target language versus non-
target language bias affects interlingual homograph interference in
a between-subject manner. Half of the participants read sentences
that, when they were highly constraining, biased interpretation
toward the target language (L2-English) meaning of interlingual
homographs (e.g., “informal conversation” meaning of chat) or the
non-target (L1-French) meaning of interlingual homographs (e.g.,
“cat” meaning of chat) but not both. We expected that the effect of
contextual language and semantic cues on interlingual homograph
interference would either amplify or diminish interference, depend-
ing on the language bias condition, as context helps disambiguate the
intended meaning of the target word. We expected this effect to be
especially pronounced during late semantic integration (measured
here through TRT), as context can reduce or eliminate the interfer-
ence effect, and consequently, the language co-activation of the non-
intended meaning of the words (Duyck et al., 2007; Libben & Titone,
2009; Nayakama & Archibald, 2005). Moreover, to the extent that
encountering many English sentences that semantically biased non-
target language (French) meanings could have induced a bilingual
language mode, the target language versus non-target language
bias manipulation could have a more global effect that impacted
all interlingual homographs, as opposed to a more specific effect
that differentially impacted interlingual homographs within particu-
lar sentential contexts (Grosjean, 1998, 2001).

The results for the core models showed that interlingual homo-
graph interference was indeed impacted by target language versus
non-target language bias, though this occurred at a global rather
than at a specific level. That is, interlingual homograph interference
emerged during late-stage reading (TRT), particularly in the non-
target language biasing group (L1-French), while it was reduced in
the target language biasing group (L2-English). These findings
support the Three-Factor framework (Degani & Tokowicz, 2010),
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Figure 5. Predicted TRTs for control words and interlingual homographs as a function of L2 AoA. Error bands reflect +1 SEM.
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demonstrating that bilingual reading performance is shaped by the
interaction of factors like semantic constraint and language context
(target versus non-target meaning bias).

These findings extend previous research, which typically pre-
sented contexts that semantically biased target language meanings
(i.e., English sentences biasing English meanings of interlingual
homographs; see, for example, Libben & Titone, 2009). Here, the
results for conditions comparable to those used in past studies
(i.e., the target language bias condition, e.g., “When Jane finished
talking to the real-estate agent, she had a thorough chat with the
owner”) revealed a significant interaction between the target word
and semantic bias for late-stage reading (TRT). A similar pattern
was also found for early-stage reading (GD), although to a lesser
degree (i.e., marginal effect of target word; p = .060), which could
have arisen because of the greater spread of relative word frequency
in English and French compared to past work. Given that partici-
pants read in their L2 (English), a reduced interlingual homograph
interference effect in the target language biasing condition may
reflect the use of context to disambiguate the intended meaning of
the target word, consistent with BIA+ (Dijkstra & van Heuven,
2002). Indeed, BIA+ suggests that context-driven activation can
influence the selection of the appropriate meaning, with clear cues
allowing the reader to quickly identify the correct meaning of the
word. This is particularly relevant during later integration processes,
but is also present, albeit to a lesser extent, in early measures
(Hoversten & Traxler, 2016; Libben & Titone, 2009).

However, a crucial goal of this study was to examine how readers
processed mismatched cues across languages (i.e., the non-target
language biasing condition, e.g., “When the veterinarian noticed the
sickly animal, she had a thorough chat with the owner”). Specifically,
this involved a semantic context written in L2 (English) that
misleadingly biased the L1 (French) meaning of the interlingual
homograph, even though, ultimately, the intended meaning was the
L2 (English). Here, results showed significantly longer later-stage
reading times for interlingual homographs, suggesting readers
used the context during integration and that this led to activation
of the unintended L1 (French) meaning of the interlingual homo-
graph (i.e., a cross-language garden-path effect). A similar pattern
was observed for early-stage reading, though to a lesser extent. This
supports previous studies that show context modulates bilingual
reading behavior and cross-language activation (Duyck et al., 2007;
Libben & Titone, 2009; Nakayama & Archibald, 2005).

Crucially, the results show that this contextually driven effect
operated at a global rather than a specific level. Accordingly, all
interlingual homographs in the non-target language bias group
showed greater interference, not just those in constraining sentence
contexts. Thus, the observed cross-language garden-path effects likely
arose from an increased bilingual mode due to the constant encoun-
tering of English sentences biasing the opposite language (French),
rather than semantic dynamics happening for each sentence indi-
vidually. This aligns with the hypothesis that language activation can
range from a monolingual mode (one language predominates) to a
bilingual mode (both languages activated), with the level of activation
influenced by contextual cues (Grosjean, 1998, 2001, 2013).

Considering that participants were instructed in their L2
(English), this account would suggest that under a target language
biasing condition (i.e., when there is no conflict between semantic
and language bias), readers entered an “L2-only/monolingual
mode,” expecting to encounter English content exclusively and
inhibiting their L1 (French). This would prevent activation of the
L1 (French) representation of the interlingual homographs, result-
ing in an absence of interference effects during early-stage reading.
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The finding that interlingual homograph effects were exclusive to
the non-target language biasing condition further supports the idea
that different task demands elicit differential “language modes.”
That is, under conditions where there were conflicts between
textual (presented in L2) and target language bias (biasing the L1
meaning), and where the L2 (English) meaning was ultimately
intended, readers were prompted to reevaluate their “L2-only/
monolingual mode.” This revaluation allowed the “bilingual mode”
to take over and facilitate the activation of the L1 (French) meaning
of the interlingual homographs as the reader sought to integrate the
correct word meaning (i.e., L2-English) during late-stage reading.

Returning to the Three-Factor Framework (Degani & Tokowicz,
2010), a key provision is that cross-language activation and the use
of semantic context in bilingual reading are influenced by word-
level properties (e.g., relative frequency) and participant-level factors
(e.g., L2 AoA, language experiences). This leads to our second
research question: how does cross-language word frequency affect
cross-language effects?

We hypothesized that interlingual homographs with higher L1
(French) word frequencies would have longer reading times than
those with higher L2 (English) word frequencies, as they may be
harder to inhibit during L2 (English) reading. Results revealed a
significant interaction between target word and cross-language word
frequency scores, as well as between target versus non-target lan-
guage bias condition and cross-language word frequency scores,
during late-stage reading. TRTs for interlingual homographs
increased with the word’s relative frequency across languages, with
words more frequent in the non-target (L1-French) than in the target
(L2-English) language showing longer TRTs, likely due to stronger
cross-language co-activation. In addition, TRTs were longer when
the sentence context biased the L2 (English) meaning, as the activa-
tion of the intended L2 meaning would conflict with the strong,
highly frequent L1 (French) meaning, further increasing processing
difficulty. These findings support BIA+, suggesting that higher-
frequency words have stronger resting activation levels, leading to
increased processing difficulty (Dijkstra & van Heuven, 2002).

The “language mode” perspective may again help explain
these results. If readers were in an “L2-only mode,” the influence
of cross-language word frequency might not emerge during early
processing. In such a mode, only L2 (English) representations
would be active, with L1 (French) representations suppressed.
Activation of the L1 meaning may occur only during later stages
of processing, particularly for homographs that are highly fre-
quent in the non-target language (L1-French). Consistent with
this, we found that interlingual homographs with higher L1
(French) than L2 (English) frequencies elicited longer reading
times. This aligns with prior studies that have recurred to the
language mode framework to explain comparable effects of
semantic context on interlingual homograph processing (e.g.,
Hoversten & Traxler, 2016, 2020).

Finally, the Three-Factor Framework (Degani & Tokowicz,
2010) suggests that some readers may be more sensitive to language
contexts than others. While BIA+ and language mode hypotheses
acknowledge the role of individual differences in shaping bilingual
reading to a certain extent, neither fully explains how language
experiences, current language habits and environmental and task
demands interact to shape language co-activation effects. To address
our third research question investigating the interaction of individual
differences on interlingual homograph interference under different
sentential contexts, we explored the effects of language history
(i.e., L2 AoA) and current reading habits (i.e., reading entropy) in
shaping our observed findings.
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We predicted that readers with earlier L2 AoAs would exhibit
shorter reading times and be more likely to experience interlingual
homograph interference than those with later L2 AoAs. This pat-
tern would reflect more integrated lexical and semantic represen-
tations across languages, allowing earlier L2 AoA participants to
read more efficiently. However, this same integration could also
increase their susceptibility to cross-language interference, leading
to greater interference effects compared to later L2 AoA readers.

The results partially confirmed these hypotheses. Although 12
(English) AoA did not specifically influence interlingual homo-
graph processing in early-stage L2 (English) reading, we found that
in early-stage reading (GD), later L2 AoAs were associated with
slower L2 (English) reading times overall, particularly when read-
ing in the non-target language (L1-French) condition. This suggests
greater interference from L1 (French) when the context biases the
non-target language, regardless of interlingual homograph status,
for individuals who acquired their L2 later in life. This is indicative
of a “monolingual mode” and consequently, stronger usage of
contexts during reading. In contrast, participants with earlier L2
AoAs, whose mental representations are more integrated, may
operate in a default “bilingual mode.” This would reduce interfer-
ence from mismatched language context cues (e.g., reading in
English while the context biases the French meaning of the word).

For later-stage reading (TRT), we observed the same general L2
AoA pattern found in early-stage reading: later L2 AoAs were
associated with slower reading times overall. However, an inter-
action between the target word and L2 AoA revealed that interlin-
gual homograph interference effects were only present for
participants with early L2 AoAs. Interestingly, this was driven by
reading times for control words, whose reading times increased
more steeply with later L2 AoA than those for interlingual homo-
graphs. As a result, individuals who acquired their L2 in adulthood
showed similar reading times for both control and interlingual
homographs. These findings align with prior research suggesting
that cross-language activation may be driven by language-unique
control words rather than by words that overlap across a bilingual’s
two languages (e.g., Libben & Titone, 2009; Pivneva et al., 2014).
Our findings thus highlight differences in functional frequency:
interlingual homographs, though ambiguous, are encountered in
both languages due to their shared orthography, whereas control
words may be encountered only in L2 (English). According to the
BIA+ model’s temporal delay assumption, this difference in expos-
ure may contribute to the delayed activation of L2-only represen-
tations (Dijkstra & van Heuven, 2002).

In examining the role of current language experiences (i.e.,
language-related reading entropy), we predicted that participants
with higher entropy scores would exhibit reduced interlingual homo-
graph interference compared to those with lower entropy. This was
based on the expectation that individuals who frequently read in
multiple languages would manage contextual ambiguity better. The
results showed that entropy significantly modulated early-stage read-
ing (GD) only, and although there were no differences specific to
target word type, entropy did modulate reading times depending on
the type of language cue provided by the context. Specifically, we
found that for those who reported a more compartmentalized use of
their languages when reading (i.e., low entropy), reading times were
higher under non-target language conditions compared to target
language conditions. As the entropy score increased, however, read-
ing times for words under this condition decreased.

These results suggest that bilinguals who regularly use both of
their languages, particularly in reading, were faster when reading
sentences with mismatching language (biasing L2-French) and
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semantic (sentence was written in English) cues. This aligns with
Schwartz and Kroll (2006), who also found that bilinguals with
lower language competence were more sensitive to semantic con-
text during reading. From a language mode perspective, these
findings suggest that individual habits in language use in one
domain (e.g., reading in one versus multiple languages) influence
how flexibly readers switch between monolingual and bilingual
“modes” during reading tasks.

6.1. Limitations and conclusions

These findings contribute to the empirical literature by clarifying
the role of semantic and language biases in interlingual homograph
processing in L2 (English) reading, along with the dynamic influ-
ences of language history and individual reading experiences.
However, there are limitations to consider. First, we exclusively
reported L2 (English) reading in French—English bilingual adults in
amultilingual city (i.e., Montreal, Canada). Given previous research
reporting differences in language co-activation effects between L1
and L2 reading (e.g., Gullifer & Titone, 2019) and the role of
language exposure (e.g., Whitford & Titone, 2015), it is crucial that
future research explores this paradigm in the context of L1 reading.
It is possible that our current findings supporting the language
mode hypothesis may only hold for L2 reading, and that the
influence of L2 AoA is reduced, or not present at all, during L1
reading, rendering the “L1 mode” less susceptible to semantic and
linguistic factors compared to reading in an L2.

Additionally, we ensured that participants were dominant in
their L1 (French) and comparable in proficiency and language
exposure; however, slight differences in specific language domains
existed. For example, Table 1 indicates that participants in the
target language bias condition had significantly higher proficiency
in L1 (French) writing compared to those in the non-target lan-
guage bias condition. Such differences may be inherent to our
sample, as proficient bilinguals typically have varied academic
experiences, including differential writing experiences based on
the language of study. This is why we opted to examine individual
linguistic experiences in a continuous fashion.

Another relevant participant-related factor not included in our
study was executive control capacity, which has been shown to
modulate cross-language activation during sentence reading, espe-
cially for interlingual homographs (e.g., Palma et al, 2020; Pivneva
et al., 2014). Additionally, our sample consisted of French—English
bilinguals with shared alphabetic scripts. Thus, it is unknown
whether our findings generalize to bilinguals with different L1
and L2 scripts. This is an area worth exploring, as prior research
shows that literacy in different scripts may influence L2 reading
proficiency (Mansuri et al., 2025), executive control skills (e.g.,
Allen et al., 2021) and language co-activation effects (e.g., Coderre
& van Heuven, 2014).

Finally, we did not directly examine how cross-language mor-
phological overlap drives processing. Previous work has shown that
bilinguals can access a shared morphological network when pro-
cessing cognates (e.g., Mulder et al., 2015). This could also apply to
interlingual homographs, as some can be considered morphological
cognates (e.g., dent meaning “tooth” in French, morphologically
related to English words like “dentist” and “denture”). This overlap
suggests the possibility that the use of morphologically related
words within a sentence could prime a specific meaning of the
interlingual homograph. For instance, mentioning “dentistry”
could activate the “hollow surface” meaning of dent in English.
In our study, we found that two target words were morphological
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cognates: fin and fort. Even in these two cases, related words in the
opposite language were not utilized in either of the semantic biasing
conditions. For example, the word “finish” was not used when
biasing for the French meaning “end” of fin. Thus, future research
could systematically investigate these effects. In conclusion, and
with the above caveats in mind, the results of this study illustrate the
dynamic, context-dependent nature of cross-language activation
during L2 reading in bilingual adults. They specifically show that
lexical properties, contextual, individual language experiences and
reading habits jointly shape bilingual reading, and how context can
be used to mitigate language co-activation in L2 reading, supporting
the Three-Factor Framework (Degani & Tokowicz, 2010).
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