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Abstract

Studies on bimodal bilingualism showed that bimodal lexical access is not costly compared to
unimodal lexical access, but that it can be even advantageous.We asked whether the same can be
observed in unimodal bilinguals as long as some bimodal conditions are provided. We exploited
the ecological bimodal setting of subtitled videos and designed four versions of a semantic
categorization task, with unimodal (spoken or written language) and bimodal (speech and
captions) stimuli. Regardless of the status of the language (L1/L2) and regardless of the bimodal
stimuli being also bilingual, answers to bimodal stimuli were systematically faster than speech-
only stimuli and slower than written-only stimuli. These results indicate that: i) bimodal stimuli
were processed differently from unimodal stimuli, ii) both modalities were taken into account
simultaneously, iii) the integration between modalities occurred automatically, even if focusing
on one modality only would have been advantageous.

Highlights

• Unimodal bilinguals process bilingual audio (speech)–visual (written) simultaneously
• Integration of bilingual audio (speech)–visual (written) stimuli is automatic
• Effects in processing are driven by modality and not by language dominance

1. Introduction

Code-switching is a behaviour common to all bilinguals, and the only form of linguistic code-
mixing that unimodal bilinguals can use when interacting face to face. In fact, unimodal
bilinguals master (at least) two languages in the same modality, which means that the main
articulators are shared, and simultaneous oral production of both languages is physically
impossible. Bimodal bilinguals, on the other hand, are those bilinguals who know (at least)
one spoken and one sign language and can use both simultaneously due to the independence of
the main articulators. This behaviour is called code-blending, and several studies highlight that it
is the preferred form of code-mixing in this population. For example, it has been shown that
bimodal bilinguals produce more code-blending compared to code-switching (Emmorey et al.,
2008).

A few studies on code-blending processing by bimodal bilinguals showed that, at the lexical
level, perceiving two languages simultaneously is not costly as far as reaction times are concerned.
On the contrary, bimodal lexical access can be even faster compared to unimodal lexical access
(Donati et al., 2025; Emmorey et al., 2012; Giustolisi et al., 2024). All three studies employed a
semantic categorization task in which participants had to decide whether different lexical items
corresponded to an edible or a not-edible entity. Items were presented in three different
conditions: two unimodal and monolingual conditions (sign language only, spoken language
only) and one bimodal and bilingual condition (code-blending of sign and spoken language).
None of these studies found a cost for bimodal lexical access; rather, inmost cases, bimodal lexical
access was rather advantageous compared to unimodal lexical access.

The exact mechanism causing this bimodal bilingual facilitation effect is still under-
investigated. A possible explanation considers the redundant signals effect (Emmorey et al.,
2012), that is, the fact that people are faster in responding to two (non-linguistic) stimuli sharing
the same meaning with respect to one single (non-linguistic) stimulus (Miller, 1986). On the
other hand, specific linguisticmechanismsmight be at play, for example, the double phonological
information activated by the spoken language and by the sign language might rapidly integrate
and narrow the possible candidates in each language’s lexical access (Emmorey et al., 2012).

Another aspect that is unknown is whether this possible advantage of double lexical access is
specific to bimodal bilingual individuals, as it might be intrinsically related to the interplay of the
spoken and the sign modality, or whether it is a hallmark of general bilingualism, only made
visible in bimodal bilinguals due to the exceptional availability of code-blending.

To shed some light on these important questions, we asked if the same effect can be observed
in unimodal bilinguals when given access to bimodality, focusing on the spoken and the written
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modalities. As being exposed to bimodal stimuli when watching
movies with subtitles is a very common experience, we decided to
design a new version of the task previously used with bimodal
bilinguals with spoken–written language bimodal stimuli. We
hypothesize that if double lexical activation is cost-free regardless
of the modality of the languages involved, then also unimodal
bilinguals should show no cost in responding to items presented
simultaneously in the two languages compared to unimodal mono-
lingual items, and possibly even an advantage.

Previous studies focusing on monolingual lexical processing
have reported word recognition benefits for written and bimodal
(simultaneous presentation of orthographic representation and
phonological forms)modalities compared to auditorymodality alone
using lexical decision tasks (e.g., Lopez Zunini et al., 2020). Responses
have been found to be faster and more accurate for words presented
in the visual and bimodal modalities compared to the auditory
modality. The present study builds on these pieces of evidence, yet
introduces the important research question of what happens when a
bilingual dimension is added to the simple bimodal setting, as we aim
at investigating the impact of bimodality on unimodal bilinguals.

For this first study aiming at addressing the question of the
possible existence of a bimodal lexical advantage in unimodal
bilinguals, we opted for an easily accessible population, that of
Italian/English consecutive bilinguals. The two languages share
some vocabulary, being both heavily tributary of Latin, but are
sufficiently distant in their global lexicon and their phonology,
while they share the same writing system. The four experiments
that we designed all exploit the same methodology, as will be
described in detail, but differ on a number of parameters:

- Experiment 1 involved L1 Italian speakers with good compe-
tence in English L2. Spoken stimuli were given in Italian (L1),
while subtitles were given in English (L2);

- Experiment 2 involved the same materials as Experiment 1, but
targeted L1 English speakers with good competence in Italian
L2. Spoken stimuli were given in Italian (L2), while subtitles
were given in English (L1);

- Experiment 3 targeted the same population as Experiment
1, but both the spoken stimuli and the written ones were in
Italian (L1).

In these three experiments, the mouth of the speaker shown in the
video clip was blurred to avoid having visual information associated
with the spoken stimulus.

- Experiment 4 was a replication of Experiment 1 but without
blurring the speaker’s mouth.

Inwhat follows,we describe the four experiments in separate sections
(2–5). A general discussion and some conclusions close the article.

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. The experimental
protocol was positively evaluated by the local commission for
minimal-risk studies of the Department of Psychology of the Uni-
versity of Milano-Bicocca.

2. Experiment 1: Italian (L1) stimuli with English
(L2) subtitles and blurred mouth

In our first experiment, participants were Italian (L1)–English
(L2) bilinguals and were presented with short video clips showing
a person uttering a word. The spoken language was the L1 (Italian)

and the written language was the L2 (English). The two unimodal
conditions were as follows: i) Spoken L1 and ii) Written L2. The
bimodal condition was Spoken L1 + Written L2.

In the video clips, the mouth of the speaker was blurred.We took
this decision as we did not want any L1 linguistic interference in the
muted stimuli showing the L2written word, and it is well known that
watching lip movements contributes to speech perception (e.g.,
Grant & Walden, 1996; McGurk & MacDonald, 1976; Peelle &
Sommers, 2015).

Our research questions were as follows: Is bimodal bilingual
simultaneous lexical access costly for unimodal bilinguals? If it is
costly due to the difficulty in processing two languages at the same
time, we would expect longer reaction times in the bimodal condi-
tion compared to the unimodal conditions. On the contrary, if
double lexical access is an advantage, we should expect faster
reaction times in the bimodal condition compared to both uni-
modal conditions. Moreover, what is the impact of bilingualism on
the processing advantage of written versus auditory stimuli? Being
the written language participants’ L2, it might be that participants
rely more on their L1, thus lowering any advantage of the written
modality over the spoken one. In this case, any bimodality effects
could be overridden. This scenario is plausible, also considering
that participants in the present study are unbalanced bilinguals.

2.1. Methods

2.1.1. Participants
Participants were recruited through Prolific using the following
screening: Bilingual (native language + one other language, native
language + two other languages, native language + three or more
other languages); First language = Italian; Fluent languages = Eng-
lish; Language-related disorders = none; Hearing difficulties = no;
Dyslexia = no; Primary language = Italian.

Among those who completed the task (N = 50), we had to
remove one participant since no data were recorded during the
experimental session.

To further check for L2 competence, all participants performed
the LexTALE (Lemhöfer & Broersma, 2012), a test of lexical know-
ledge for English. We selected participants with a LexTALE score
corresponding to a level of at least B2 (CEFR), that is, with a score
(averaged % correct, % correctav) of at least 60%. Two participants
were removed from the database due to a low LexTALE score.Mean
LexTALE score of the remaining participants was 82.9%
(SD = 10.1%). Individual LexTALE scores are plotted in Appendix
1.A, stored on OSF.

The final sample of participants was composed of 47 bilinguals
(L1 = Italian, L2 = English; 21 females, 26males) with amean age of
32 years (SD = 9).

2.1.2. Materials
To select the material, we started with a list of nouns in Italian
corresponding either to an edible or to a not-edible object. Each
noun in Italian was paired with the corresponding English noun.
For each pair, we used the cross-linguistic overlap scale for phon-
ology (Kohnert et al. 2004) to exclude cognates. We then selected
120 Italian–English pairs, 60 corresponding to an edible object and
60 to a non-edible object. An Italian L1 female speaker was videor-
ecorded while uttering all 120 nouns in Italian.

Videos were cut so that speech began approximately six frames
(i.e., 360 ms) after the video start. Videos were then modified using
OpenCV in Python. First, in each video, the mouth was blurred.
Then, the written English word corresponding to the audio was
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added, written in white on a black rectangle, and placed centred at
the bottom of the video (Figure 1, top). The written word was
synchronized with the speech onset.With these twomanipulations,
we obtained the bimodal bilingual condition (spoken Italian +
written English). Then, to obtain the only speech condition, we
used the same script, selecting black as the colour of the English
word, so that the written word was not visible. This way, a black
rectangle also appeared in the speech-only condition, and not only
in the conditions with subtitles (Figure 1, bottom). To obtain the
written-only condition, we muted the bimodal condition videos.

The 120 target items were divided into three lists of 40 items
each: 20 edible and 20 non-edible. The three lists were balanced for
frequency, based on film subtitles corpora (for English: Subtlex-UK,
vanHeuven et al. 2014; for Italian: Subtlex-IT, Crepaldi et al., 2015).
For each condition, each participant received one list, with lists
counterbalanced across participants, so that all items appeared in
all conditions and no participant received the same item twice.

2.1.3. Procedure
The experimental task was implemented on Labvanced (Finger
et al. 2017) and distributed online through Prolific. When entering
the task, participants had to agree on data treatment. Then, they
completed the LexTALE first and then the experimental tasks. For
each item, they were asked to indicate whether it was edible or not
edible by pressing the A and L keys.

2.1.4. Data analysis
We analysed accuracy on all items and RTs on correct answers
using R version 4.3.1 (R Core team, 2021).

Before data analysis, we checked the mean accuracy by partici-
pants to exclude any participant with an overallmean accuracy lower
than 80%. No participant was removed following this criterion.

Accuracy data were analysed with generalized mixed-effects
regression (family: binomial, link function: logit; Jaeger, 2008) with
condition as fixed factor (treatment coding with bilingual bimodal
[Spoken L1 + Written L2] as the reference level, to compare
accuracy in the Spoken L1 condition with accuracy in the bimodal
bilingual condition and accuracy in the Written L2 condition with
accuracy in the bimodal bilingual condition).

RTs that were higher than 3000 ms and lower than 200 ms were
excluded from the analysis. RT data were analysed with generalized
mixed-effects regression (family: inverse Gaussian, link function:
identity, Lo & Andrews, 2015). Condition was entered in the models
as a fixed factor, employing treatment coding as in the accuracy
analysis.

Both in the accuracy and in the RTs data analyses, we used the
maximal random effect structure justified for the design, that is,
random intercepts for participants and items and by participants
and by items random slopes for the effect of condition ([condition|
participant] + [condition|item]). If the model with this random
structure did not converge, we simplified the random structure,
omitting random slopes until we reached convergence, and we
always avoided random structures resulting in a singular fit.

2.2. Results

Results of Experiment 1 are reported in Figure 2.
The analysis of accuracy showed a significant effect of condition

(χ2(2) = 28.22, p < .0001). The model’s parameters are reported in
Table 1. Accuracy was lower in theWritten L2 condition compared
to the Spoken L1 + Written L2 condition, whereas the difference
between Spoken L1 and Spoken L1 +Written L2 conditions was not
significant. The analysis of RTs also showed a significant effect of
condition (χ2(2) = 1905.5, p < .0001). RTs in the Spoken L1
condition were slower than in the Spoken L1 + Written L2 condi-
tion, whereas RTs in theWritten L2 condition were faster than RTs
in the Spoken L1 + Written L2 condition.

2.3. Interim discussion

The analysis of accuracy revealed lower accuracy in the Written L2
condition compared to the Spoken L1 + Written L2 condition, as
expected, given the lower competence in the L2 compared to the L1
in our group of bilinguals.

As forRTs, responses in the bimodal bilingual SpokenL1+Writ-
ten L2 condition were faster than those in the unimodal monolin-
gual Spoken L1 condition. On the contrary, responses in the
bimodal bilingual Spoken L1+ Written L2 condition were slower
than in the unimodal monolingual Written L2 condition.

Interestingly, regardless of the fact that the written stimulus was
in the L2, participants were faster in the bimodal condition com-
pared to the spoken language (L1)-only condition, whereas the
bimodal condition was processed slower than the unimodal written
condition, thus paralleling monolingual results focusing onmodality
effects (Lopez Zunini et al., 2020).

In order to better interpret these results, we designed three new
versions of this experiment, each controlling for factors possibly
at play.

Is there any effect of language dominance in these results? We
might hypothesize that since speech was in the dominant language,
participants might be biased to process also the L1, hence being
slower in the Spoken L1 + Written L2 modality compared to the
Written L2 modality. To assess this possibility, we designed
Experiments 2 and 3.

Figure 1. Top: Frame of an experimental item in the written-only or in the bilingual
condition (dependingon thepresenceof theaudio) showing theEnglish textcorresponding
to the Italian audio “aceto.” Bottom: Frame of an experimental item in the audio-only
condition. Videos are stored on the OSF repository linked to the present study.
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In Experiment 2, we used the same materials as in Experiment
1, but participants were bilinguals with English as L1 and Italian as
L2. If slower RTs in the bimodal condition compared to the written-
only condition in Experiment 1 were due to speech being in the L1,
then we should not expect such an effect in Experiment 2, where
speech was in L2.

In Experiment 3, participants were bilinguals with Italian as L1
and English as L2, as in Experiment 1, but wemodified the videos so
that subtitles were in Italian (as well as speech). This is a second
control of the effect of language dominance. Being both speech and
writing in the same language (the L1), no difference across condi-
tions could be attributed to bilingual-related factors, such as lan-
guage dominance. This experiment also allows us to determine
whether the facts that we observe in the first experiments are
properties related to bilingualism or simply to bimodality.

Another possibility that we wanted to explore was the effect of
the blurredmouth. Since spoken language processing ismultimodal
and mouth movements have an impact on language comprehen-
sion (e.g., Grant & Walden, 1996; McGurk & MacDonald, 1976;
Peelle & Sommers, 2015), it might be that in our experiment,
spoken language processing was hindered by the blurred mouth.
To explore this possibility, in Experiment 4 we tested again Italian
(L1)–English (L2) bilinguals using the same materials as in Experi-
ment 1, but with videosmodified so that themouthwas not blurred.

3. Experiment 2: Italian (L2) stimuli with English
(L1) subtitles and blurred mouth

This section presents our second experiment, which has the same
materials as Experiment 1, but targets a different population.

3.1. Methods

3.1.1. Participants
Participants were recruited through Prolific using the same screen-
ing as in Experiment 1, with the following modifications: First
language = English (instead of Italian); Fluent languages = Italian
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Figure 2. Boxplots showing participants’ mean accuracy and RTS by modality in Experiment 1.

Table 1. Parameters of the models for Experiment 1

Dependent
variable

Accuracy Random factors Variance SD

Item 1.69 1.30

Participant 0.34 0.58

Fixed factors Estimate SE z-value

Condition Written L2 vs.
Spoken L1 + Written L2

�0.88 0.19 �4.57

Condition Spoken L1 vs.
Spoken L1 + Written L2

�0.08 0.21 �0.40

RTs Random factors Variance SD

Item 3032 55.06

Participant 7202 84.86

Fixed factors Estimate SE t-value

Condition Written L2 vs.
Spoken L1 + Written L2

�112.13 5.04 �22.24

Condition Spoken L1 vs.
Spoken L1 + Written L2

168.25 5.91 28.47
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(instead of English); Primary language = English (instead of
Italian).

To further check for their L2 competence, all participants per-
formed the LexITA (Amenta, Badan, & Brysbaert, 2021), a test of
lexical knowledge for Italian based on the LexTALE (Lemhöfer &
Broersma, 2012), the test we used to assess English knowledge in L2
English speakers.

We selected participants with a LexITA score of at least 26, which
corresponds to one standard deviation between themean score of B2
participants inAmenta et al. 2021. Twelve participantswere removed
from the database due to a low LexITA score. Mean LexITA score of
the remaining participants was 43.8 (SD = 11.2). Individual LexITA
scores are plotted in Appendix 1.B, stored on OSF.

The final sample of participants was composed of 42 bilinguals
(L1 = English, L2 = Italian, 23 females, 18 males, 1 not declared)
with a mean age of 42 years (SD = 14).

3.1.2. Materials
Same as in Experiment 1.

3.1.3. Data analysis
Same as in Experiment 1. One participant was removed because of
an overall accuracy of less than 80% correct.

3.2. Results

Results of Experiment 2 are depicted in Figure 3.
The effect of condition was significant both in the analysis

of accuracy (χ2(2) = 51.40, p < .0001) and in the RT analysis

(χ2(2) = 154.1, p < .0001). The models’ parameters are reported in
Table 2: accuracy was lower in the Spoken L2 condition compared
to the bimodal bilingual condition (Written L1 + Spoken L2),
whereas there was no significant difference between accuracy in
the Written L1 condition and the bimodal condition. As for RTs,
responses to the bimodal bilingual condition were faster com-
pared to the Spoken L2 condition and slower compared to the
Written L1 condition.

4. Experiment 3: Italian (L1) stimuli with Italian
(L1) subtitles and blurred mouth

This section presents our third experiment, which has the same
population as Experiment 1, presented with the same items as in
Experiment 1, but with captions in Italian instead of English.

4.1. Methods

4.1.1. Participants
Participants were recruited through Prolific using the same screen-
ing as in Experiment 1. Participants who took part in Experiment
1 could not participate in Experiment 3. Forty-six participants
completed the task; however, one participant did the task twice
and their data were removed from the database.

English competence was again tested using the LexTALE
(Lemhöfer & Broersma, 2012), and the same threshold of at least
60% correctav was adopted. Two participants were removed follow-
ing this criterion.Mean LexTALE score of the remaining participants
was 81.7% (SD = 10.2%). Individual LexTALE scores are plotted in
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Figure 3. Boxplots showing participants’ mean accuracy and RTS by modality in Experiment 2.
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Appendix 1.C, stored on OSF. We asked participants to perform
LexTALE even if English was not required to complete the task
because we wanted to introduce only one difference from Experi-
ment 1, that is, the language of subtitles. Moreover, we wanted to be
sure, also in this case, to have participants with a certain level of L2,
and to have them in a similar language mode (Grosjean, 2010) as in
Experiment 1.

The final sample of participants was composed of 43 bilinguals
(L1 = Italian, L2 = English; 20 females, 21 males, 2 not specified)
with a mean age of 34 years (SD = 11).

4.1.2. Materials
Same as in Experiment 1, but with subtitles in Italian.

4.1.3. Data analysis
Same as in Experiments 1 and 2. Two participants were removed
because of an overall accuracy of less than 80% correct.

4.2. Results

Results of Experiment 3 are shown in Figure 4.
The analysis of accuracy showed no effect of condition (χ2(2) =

0.51, p < .78). The analysis of RTs, on the contrary, showed a
significant effect of condition (χ2(2)= 3084.8, p < .0001). Themodels’
parameters are reported in Table 3: considering accuracy, no signifi-
cant differences among conditions emerged. As for RTs, the bimodal
condition (Spoken L1 andWritten L1) was processed faster than the
Spoken L1 condition, and slower than the Written L1 condition.

5. Experiment 4: Italian (L1) stimuli with English
(L2) subtitles without blurred mouth

This section presents Experiment 4, which replicates Experiment
1, but with stimuli without a blurred mouth.

5.1. Methods

5.1.1. Participants
Participants were recruited through Prolific using the same screen-
ing as in Experiments 1 and 3. Participants who took part in
Experiment 1 or 3 could not participate in Experiment 4. Fifty
participants completed the task; however, one participant did the
task twice and their data were removed from the database. English
competence was tested using the LexTALE, and no participant was
removed due to a low performance (threshold of at least 60%
correctav). Individual LexTALE scores are plotted in Appendix 1.
D, stored on OSF.

The final sample of participants was composed of 49 bilinguals
(L1 = Italian, L2 = English; 18 females, 31males) with amean age of
30 years (SD = 8.7).

5.1.2. Data analysis
Same as in the previous experiments.

5.2. Results

Results of Experiment 4 are reported in Figure 5.
The analyses of accuracy and RTs revealed that the effect of

conditionwas significant (χ2(2) = 15.99, p = .0003 and χ2(2) = 1300,
p < .0001, respectively). The models’ parameters are reported in
Table 4: accuracy was lower in the Written L2 condition compared
to the Spoken L1 + Written L2 condition. On the contrary, the
difference between Spoken L1 and Spoken L1+ Written L2 condi-
tions was not significant. Considering RTs, responses in the Spoken
L1 condition were slower than in the Spoken L1 + Written L2
condition, whereas those in the Written L2 condition were faster
than those in the Spoken L1 + Written L2 condition.

6. General discussion and conclusions

This study presents a series of four experiments we conducted to
investigate whether processing bimodal lexical items (spoken and
written stimuli) results in a cost in lexical access for unimodal
bilinguals, or not. The starting point for this investigation is some
recent work investigating bimodal bilinguals, which indicates that
for this population, bimodal bilingual lexical access can even be
faster than monolingual lexical access. Our general purpose was to
shed light on the mechanisms underlying lexical access in general,
beyond the bimodal bilingual population.

As Table 5 summarizes, regardless of the status of the language
(whether the spoken language is L1 or L2, and the written language
L1 or L2) and regardless of the bilingual status of the bimodal
condition (i.e., we found the same results when the bimodal stimu-
lus was also bilingual, as in Experiments 1, 2 and 4 and when it was
not, as in Experiment 3), answers to bimodal stimuli were faster
than speech-only stimuli, and slower than written-only stimuli.
This stable result1 suggests that: i) bimodal stimuli are processed

Table 2. Parameters of the models for Experiment 2

Dependent
variable

Accuracy Random factors Variance SD

Item 2.17 1.47

Condition (Written L1) |
Item

0.10 0.31

Condition (Spoken L2) |
Item

2.39 1.55

Participant 0.62 0.79

Fixed factors Estimate SE z-value

Condition Written L1 vs.
Spoken L2 + Written L1

�0.22 0.46 �0.47

Condition Spoken L2 vs.
Spoken L2 + Written L1

�2.41 0.42 �5.82

RTs Random factors Variance SD

Item 3860 62.1

Condition (Written L1) |
Item

2830 53.2

Condition (Spoken L2) |
Item

12470 11.2

Participant 4651 68.2

Fixed factors Estimate SE z-value

Condition Written L2 vs.
Spoken L1 + Written L2

�218.84 8.96 �24.42

Condition Spoken L1 vs.
Spoken L1 + Written L2

334.417 15.77 21.21

1Considering that spoken language processing is multimodal and mouth
movements do have an impact on language comprehension (e.g., Grant &
Walden, 1996; McGurk & MacDonald, 1976; Peelle & Sommers, 2015),
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differently from unimodal stimuli, ii) bothmodalities are taken into
account simultaneously and iii) the integration between modalities
occurs automatically, even if focusing on one modality only would
have been in principle advantageous.

As already mentioned, the rationale for this investigation was
that, in bimodal bilinguals, double lexical access (spoken language +
sign language) is never costly and can rather be advantageous
compared to single lexical access. At first sight, we cannot say the
same about double lexical access (spoken language + written lan-
guage) in unimodal bilinguals, as the advantage we observe only
holds with respect to the speech-only condition. A close compari-
son between the two sets of results deserves more discussion.

The present results, as well as the ones reported in the bimodal
bilingualism literature (Donati et al., 2025; Emmorey et al., 2012;
Giustolisi et al., 2024), show that bimodal stimuli are bimodally
processed, that is, both modalities are taken into account, and that
this bimodal process is automatic, that is, it does not depend on
language dominance: it is not the case that it is activated only when
it is a priori advantageous. However, the bimodality advantage is
not observed in the spoken + written stimuli with respect to the
written modality. What the present set of studies and those with
bimodal bilinguals have in common is the presence of the spoken
modality. The visual modality was, however, different, and we
believe the reason why results do not converge has to do with this
difference in the visual stimuli employed. Crucial points are
sequentiality versus simultaneity, timing and strict or partial
bimodality.

The first important factor is sequentiality versus simultaneity.
Written stimuli are shown in their entirety in a single moment,
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Figure 4. Boxplots showing participants’ mean accuracy and RTS by modality in Experiment 3.

Table 3. Parameters of the models for Experiment 3

Dependent
variable

Accuracy Random factors Variance SD

Item 1.11 1.05

Participant 0.44 0.67

Fixed factors Estimate SE z-value

Condition Written L1 vs.
Spoken L1 + Written L1

�0.11 0.21 �0.53

Condition Spoken L1 vs.
Spoken L1 + Written L1

0.03 0.22 0.15

RTs Random factors Variance SD

Item 2360 48.58

Participant 3646 60.38

Fixed factors Estimate SE t-value

Condition Written L1 vs.
Spoken L1 + Written L1

�75.63 4.89 �15.46

Condition Spoken L1 vs.
Spoken L1 + Written L1

311.85 6.50 47.95

Experiment 1 was replicated in Experiment 4, employing the same stimuli, but
without the blurred mouth. Even in Experiment 4, we found the same pattern of
RTs as in the previous experiments, clearly indicating that the blurred mouth in
this context did not cause a behaviourally measurable processing difficulty for
the spoken language stimuli.
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whereas signed stimuli unfold over time. More generally, process-
ing speech and processing signs is incremental due to the nature of
the input, which, although with a different pace and involving
different perceptual systems, is sequential. As for reading, on the
other hand, visual words up to a length of 10 letters are known to be
processed simultaneously (e.g., Adelman et al., 2010; Radeau et al.,
1992). It is thus possible that when it comes to lexical access, the
reading modality introduces an advantage that can only be slowed
by any simultaneous incremental processing. Some results compar-
ing auditory, visual and audio–visual inputs in lexical decision tasks
confirm this scenario (Lopez Zunini et al., 2020)2.

A second important difference between our experiments and the
ones assessing code-blending in bimodal bilinguals concerns tim-
ing. In the experiments we are discussing, written stimuli were
locked with the beginning of speech, that is, items in both modal-
ities shared the same starting point. As for sign language stimuli as
well, the beginning of the sign was, in principle, synchronized with
the beginning of speech (this was done spontaneously by the native
bimodal bilinguals who produced the experimental stimuli). How-
ever, it is difficult to define exactly what counts as the beginning of a
sign. Conventionally and from a phonological point of view, a sign
begins when the hand(s) reach the place of articulation and begin(s)
to move. However, some phonetic features of the sign are visible
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Figure 5. Boxplots showing participants’ mean accuracy and RTS by modality in Experiment 4.

Table 4. Parameters of the models for Experiment 4

Dependent
variable

Accuracy Random factors Variance SD

Item 1.47 1.21

Participant 0.55 0.74

Condition Written L2 |
Participant

0.86 0.93

Condition Spoken L1 |
Participant

0.56 0.75

Fixed factors Estimate SE z-value

Condition Written L2 vs.
Spoken L1 + Written L2

�0.67 0.26 �2.62

Condition Spoken L2 vs.
Spoken L1 + Written L2

0.45 0.31 1.45

RTs Random factors Variance SD

Item 2910 53.95

Participant 6243 79.01

Fixed factors Estimate SE t-value

Condition Written L2 vs.
Spoken L1 + Written L2

�87.31 5.43 �16.08

Condition Spoken L1 vs.
Spoken L1 + Written L2

149.24 6.25 23.88

2Experiment 3 results parallel previous work on audiovisual lexical access
(Lopez Zunini et al., 2020), even if, importantly, the methodology we employed
was different, considering both the task (lexical decision task vs. semantic
judgment task) and the complexity of the stimuli (instead of written words
and audio files, we had [captioned] video displaying a person speaking).
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before this moment (for a discussion, see Jantunen, 2015). This is
well reflected by the fact that when the transition movement of the
hand(s) from a relaxed position to the place of articulation associ-
ated with a sign is considered, sign identification often occurs very
early and actually well before the moment corresponding to its
conventional beginning (see Cecchetto et al., 2016; Emmorey &
Corina, 1990). If we consider that bilinguals co-activate their lan-
guages (e.g., Thierry & Wu, 2007) and that this occurs also across
modality (e.g., Morford et al., 2011; Villameriel et al., 2022), the
bimodal bilingual facilitation effect that is observed in lexical access
with sign language–spoken language code-blendings could reflect a
boost in the integration of the two modalities due to spoken
language pre-activation triggered by sign language. Such an effect
has no counterpart when spoken language with a written caption is
considered, since no written information appears before the begin-
ning of the audio stimulus.

A third important difference between our experiments and the
ones assessing code-blending concerns the extent of bimodality3.
While with bimodal bilinguals the two simultaneous inputs are
completely independent (one being acoustic, the other visual),
hence strictly bimodal, the visual items in our experiments, being
words written in an alphabetic system, activate a phonological
representation potentially competing with the one given with
speech. The consequence is that in this setting, the bimodality is
only partial. There is indeed ample evidence that healthy, skilled
silent readers are unable to avoid phonological activation, even in
cases in which the use of phonological information complicates the
meaning resolution process (e.g., Folk, 1999; Folk & Morris, 1995;
Van Orden, 1987).

This effect of the potentially competing phonological activation
prompted by written words in the bimodal condition is clearly
visible if we compare the strength of our results in the bilingual
Experiment 1 (see Figure 2) and in the monolingual Experiment
3 (see Figure 3)4: the facilitating effect of bimodality over speech
only is bigger in Experiment 3 than Experiment 1, whereas the
inhibiting effect of bimodality over written only is reduced in
Experiment 3 compared to Experiment 1. Remember that all the
items in the bilingual experiments were controlled for their phono-
logical resemblance, and cognates were excluded. The fact that we
did find a bimodal advantage over speech, notwithstanding the
“interference” of a diverging phonological activation prompted by

the written stimulus, makes our result all the more significant. Not
surprisingly, the advantage is amplified in the monolingual experi-
ment (Experiment 3), where indeed the phonological activation
provides a possible boosting redundancy of the stimulus.

All in all, we showed that bilinguals presented with a semantic-
ally redundant (partially) bimodal lexical item are sensitive to both
modalities and process them both. This results in an advantage over
speech only, which appears to be independent from language
dominance, but whose size varies according to whether the setting
is bilingual or monolingual.

This result encourages us to pursue exploiting the bimodal
setting provided by subtitled videos to run further experiments in
a number of directions. One direction is to investigate other lan-
guages, including in particular languages that do not have (fully)
alphabetical writing systems, and where thus written words might
prompt a reduced phonological activation, such as Korean or
Chinese.

Some results discussed inDonati et al. (2025), which did not find
a consistent bimodal advantage in L2 learners of a sign language
(LIS), might suggest that the factor of age of exposure might play a
role in determining it. InDonati et al. (2025), the advantage of code-
blending with respect to spoken language that was identified as the
crucial hallmark of native bimodal bilinguals in previous studies did
not emerge in L2 learners of LIS. This difference between native and
L2 hearing signers is prima facie interesting and might suggest that
the advantage of lexical code-blending is out of reach for some L2
users. However, some limitations in the methodology of the study
(shallow measures of frequency of LIS use and no measure of its
competence) make it difficult to interpret these negative results
beyond speculation.

The results presented here, which suggest that bimodal stimuli
are bimodally processed in L2 learners independently from lan-
guage dominance, appear to point towards a different direction and
encourage us to better explore the role of age of acquisition and/or
language dominance in the processing of bimodal stimuli in
bimodal bilinguals.

A final direction is to replicate our experiments with stimuli that
go beyond single words, manipulating the temporal alignment
between words and speech (including languages sharing the same
word order, as Italian and French, or different word orders, as, say,
French and Korean), similarly to what has been done in Giustolisi
et al. (2024) with bimodal bilinguals.

More generally, we think subtitled videosmight be an important
methodology to shed light on simultaneous words and sentences
processing in bilinguals’ grammars.

Data availability statement. All materials, data and scripts used for the
analyses are available on OSF (https://osf.io/rk5py/overview).

Table 5. Summary of the experiments and their results

Experiment 1 2 3 4

Participants Italian L1 – English L2 English L1 – Italian L2 Italian L1 – English L2 Italian L1 – English L2

Materials Videos with blurred mouth, spoken
Italian and written English

Videos with blurred mouth,
spoken Italian and written
English

Videos with blurred mouth,
spoken Italian and written
Italian

Videos without blurred mouth,
spoken Italian and written
English

Reason To replicate, with unimodal bilinguals,
previous work with bimodal
bilinguals

To test the effect of language
dominance

To test the effect of
bilingualism

To test the effect of the blurred
mouth

Results Spoken L1 > Spoken L1 + Written
L2 > Written L2

Spoken L2 > Spoken
L2 + Written L1 > Written L1

Spoken L1 > Spoken
L1 + Written L1 > Written L1

Spoken L1 > Spoken L1 + Written
L2 > Written L2

3We thank an anonymous reviewer for making us think about this important
aspect of our study.

4In order to do this, we merged together the databases used for analysis in
Experiment 1 and Experiment 3 and employed the same analysis as for the single
experiments. Details are provided in Appendix 2, stored on OSF.
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