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Abstract

Prospective memory (PM) relies on switching processes to change from the ongoing activity to
the future intention. Similarly, bilinguals in dual-language contexts are frequently required to
switch between languages. In this study, we experimentally simulated the exposure to a dual-
language context in a sample of single-language context bilinguals to explore the effect of
language switching on PM. Thus, a group of bilinguals practiced language switching previous
to the PM task (practice group) and were compared to a homologous group that did not receive
this practice (control group). Event-related potential results indicated that the practice group
showed greater wave amplitudes than the control group in the components associated to
monitoring and switching processes. Whereas, this practice did not affect the retrospective
components associated with the retrieval of the intention. This suggested that the interactional
context in which bilinguals are immersed modulates their cognitive control strategies in charge
of recalling future intentions.

Highlights

o Prospective memory relies on processes used by bilinguals during language switching

o Language switching modulates the neural signals of monitoring in prospective memory
o No effects found in neural signals associated with retrospective processes

« Bilingual interactional context modulates the recall of future intentions

1. Introduction
1.1. Prospective memory (PM)

Recalling future intentions allows us to perform many activities that are essential for our daily
life. For example, if you are cooking a cake, you will need to create the future intention of
removing it from the oven when properly baked. Thus, if, in the meantime, you are watching a
movie on TV, you will have to monitor the time and supervise the cake to take it out of the oven
before it burns! The ability that allows us to recall future intentions is called Prospective
Memory (PM) and it has been widely explored in the literature (Einstein & McDaniel, 2005;
Kliegel et al., 2004; Smith, 2003; West & Krompinger, 2005). Usually, in a PM task, participants
are asked to perform a main task, called the ongoing activity. In addition, they have to encode a
prospective memory intention that should be performed only when a specific cue (termed PM
cue) appears. Therefore, the PM cue is a signal that indicates the moment to perform the
prospective activity and the recall of the intention. In the previous example, watching the movie
could be the ongoing activity, whereas removing the cake from the oven would be the
prospective intention. In this example, the golden brown on the top of the cake would
constitute the PM cue, which indicates that it is the correct moment to remove the cake from
the oven. In the lab, prospective memory is also studied by using lab-based ongoing task and
PM-cue procedures. For example, participants may be asked to carry out a 2-back task
consisting of pressing a key if the current presented letter appeared two trials before
(ongoing task), and also to receive the instructions to press a different key when a given letter
appears (PM task) (see Ballhausen et al., 2017; West & Bowry, 2005 for similar procedures).
However, note that a prospective intention can be executed within the context of different types
of ongoing activities that can vary in difficulty (Meier & Zimmermann, 2015). While the
example previously mentioned requires working memory processes to complete the ongoing
activity, some other procedures involve ongoing tasks that are less working memory dependent
(e.g., a lexical decision task). Previous research indicates that successfully responding to a PM
cue while performing the ongoing task highly depends not only on the retrospective retrieval of
the prospective activity but also on the working memory processes involved in monitoring the
experimental context to detect the PM cue and switching to the prospective response (e.g., see
the PM Multiprocess Framework by McDaniel & Einstein, 2000).
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This distinction between PM processes has also been observed at
the neuroanatomical level (Cona et al., 2015): prospective processes
such as maintaining the intentions while simultaneously engaged
in an ongoing task and the strategic monitoring for the PM cue’s
presence in the environment are mediated by a dorsal frontopar-
ietal network that includes the aPFC regions and the dorsal parietal
cortex (dPC). In contrast, the retrieval of intentions is linked to a
ventral frontoparietal network.

1.2. Factors impacting PM

PM can be modulated by various factors (Anderson et al., 2019):
studies show that the number of PM cues to be remembered
(i.e., the prospective load) impacts performance, with no significant
decline for one or two cues, but performance tends to decline with
three or more cues (Cohen et al., 2008). Additionally, the type of
PM cue (focal vs. non-focal) affects the cognitive processes used
(bottom-up vs. top-down) (Einstein et al., 2005; McDaniel & Ein-
stein, 2000). Similarly, internal factors like age and cognitive cap-
acity also influence PM performance (Cejudo et al, 2019;
Schnitzspahn et al, 2011, 2013). For instance, Brewer et al.
(2010) found that participants with higher working memory
excelled on non-focal tasks, while those with low and high working
memory performed similarly on focal tasks. These findings under-
score the variability in the cognitive mechanisms underlying PM.
One aspect that has not yet been investigated is the influence of
bilingualism on PM. Although, at first sight, PM may seem unre-
lated to the language experience of the individuals, bilingual people
are required to monitor the context for cues that permit them to
select the most appropriate language for the situation, and this
resembles PM situations where individuals need to monitor the
context for cues that signal the moment to stop the ongoing task
and switch to the intended prospective action. The use of moni-
toring in bilinguals is especially evident when the context requires
frequent switches between languages (e.g., conversation with
people in different languages), where they need to pay attention
to specific cues in the environment to predict the incoming lan-
guage. For example, being presented with a given face (Asian or
Caucasian) before performing a picture naming task in Chinese or
English has been shown to modulate the activation of these two
languages (Liu et al., 2019a), suggesting that contextual cues may
facilitate language selection. These results are consistent with the
Adaptive Control Hypothesis (Green & Abutalebi, 2013), which
suggests that the context in which bilinguals are immersed can
modulate how they control their language production. However,
these interactions are not reduced to the language control atten-
tional network. Additional studies have found that bilingual
immersion experience influences domain-general cognitive control
(Beatty-Martinez et al., 2020; Jiao et al., 2020; Timmer et al., 2021).

1.3. Bilingualism and PM

Recent research has shown a relation between different bilingual
experiences and modulations in PM at behavioral and neural levels
(Lopez-Rojas et al., 2022). Specifically, Lopez-Rojas et al. (2022) found
that bilinguals who (1) were immersed in bilingual contexts with
frequent between-language switches and (2) acquired their second
language (L2) during childhood, showed larger differences between
the ongoing activity and the prospective intention for event-related
potential (ERP) components related to PM performance (N300 and
P3b) compared to monolinguals or to non-immersed bilinguals who
acquired the L2 in the adolescent/adulthood. These differences were
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found in the more attention-demanding PM conditions, indicating
that this type of bilingual was able to adapt their prospective processes
to the demands of the PM task.

The concept that bilingualism modulates prospective processing
raises interesting questions related to thow bilingualism affects the
underlying processes associated with PM. Thus, Lopez-Rojas et al.
(2022) suggested that being immersed in a bilingual linguistic context
adapted individuals’ monitoring and switching strategies to the
conditions of the PM task. Specifically, it was suggested that bilin-
guals who were used to switching between languages were better able
to adapt their monitoring processes to the PM task demands than
monolinguals and bilinguals immersed in a non-switching language
context. In the present study, we adopted a novel approach to
measure language-switching experience by experimentally providing
participants with language-switching practice to investigate how that
practice could impact the cognitive processes engaged in PM. In
addition, we aimed to identify the specific PM processes affected by
the language-switching experience.

In single-language contexts, bilinguals typically use their two
languages in distinct settings (e.g., one at home and the other at
work). This pattern of language use primarily relies on global
control mechanisms like goal maintenance and conflict monitor-
ing. In contrast, in dual-language contexts, which are most similar
to the typical cue-based laboratory measurements of language
switching, both languages are used within the same environment
but with different interlocutors (e.g., both languages are spoken at
work, but one with person A and the other with person B). This type
of context requires constant monitoring of the situation to select the
appropriate language, thus demanding a higher level of language
control (see Green & Abutalebi, 2013, for a detailed conceptualiza-
tion of both contexts). Therefore, our assumption was that the
mechanisms that naturally emerge in dual-language contexts where
bilinguals frequently switch between languages are similar to the
processes elicited by a language-switching task in which bilinguals
from single-language contexts are forced to change between lan-
guages (Timmer et al., 2019), and therefore, we expected that these
mechanisms would be modulated by language-switching experi-
ence.

1.4. Language-switching practice

In the field of bilingualism, several studies have explored the
impact of language-switching training on other tasks that require
cognitive control. For example, Liu et al. (2019b) explored
whether language-switching training facilitated performance in
two tasks that required monitoring (mixing-cost) and inhibitory
control (anti-saccade). Their hypotheses were that, given that
during language switching the bilingual needs to monitor the
conflict between languages and inhibit cross-language represen-
tations, switching training should facilitate performance in the
mixing-cost and anti-saccade tasks where these processes were
also involved. Their results indicated that language-switching
training improved performance in both components. Similarly,
Timmer et al. (2019) compared two groups of bilinguals
(language-switching group vs. language-control group) that com-
pleted a nonlinguistic task in a pre-/post-training session. In the
post-training session, they found that the switching training
group (but not the control group) improved their performance
when measuring the switching cost (i.e., comparison between
switch vs. non-switch trials) in the nonlinguistic task, concluding
that at least some mechanisms of control are shared across
different domains. Importantly, previous experiments have
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indicated that the effects of language-switching practice on cog-
nitive control tasks could be immediate (Liu et al., 2016).

These conclusions have also been supported by studies with
different neuroimaging techniques. For example, Chen et al. (2021)
explored the neural adaptations induced by language switching
using functional magnetic resonance imaging (fMRI). Their find-
ings indicated a reduction in the connectivity from the right thal-
amus to the dorsal anterior cingulate cortex/pre-supplementary
motor area (dACC/pre-SMA) after language-switching training.
The connections between these regions were stronger when exe-
cuting more demanding cognitive control processes. Therefore,
these results suggest that after a language-switching training, less
neural connectivity is demanded to complete the same cognitively
demanding task. In addition, Zhang et al. (2015) observed a modu-
lation in the AX-Continuous Performance Task (AX-CPT) cogni-
tive control task after switching practice. This task relies on
proactive control to maintain task-relevant information over time
and reactive control to solve interference when conflicts arise
(Braver et al., 2009, 2012). In their study, Zhang et al. (2015)
observed an enhancement in the use of proactive control strategies
after a 10-day language-switching training compared to a pre-
training condition. In fact, language-switching training produced
an increase in the BSI (Behavioral Shift Index)’, of the AX-CPT that
indicates higher proactivity and a greater N2 component triggered
by the cue that has been related to cognitive control. Altogether,
behavioral and neural results suggest that bilinguals who completed
a short-term language-switching training tend to change their
strategies when completing a cognitive control task.

1.5. The present study

Therefore, in this study, we aimed to investigate whether language-
switching practice modulates bilinguals’ performance in a PM task,
and if so, to specify the nature of this change by measuring their brain
activity and observing the ERP associated with PM. Specifically, our
study evaluated Spanish—English bilinguals from Spain, immersed in
a single-language context, that is, a context in which one language is
used and the other language is employed in a second distinct envir-
onment (Green & Abutalebi, 2013). Studying training effects in
bilinguals in single-language contexts is important, since previous
studies have demonstrated that these bilinguals use different modes
of cognitive control compared to bilinguals immersed in dual-
language contexts (Jiao et al., 2020; Timmer et al, 2021). For
example, Hartanto and Yang (2016) found that bilinguals immersed
in a dual-language context outperformed bilinguals immersed in a
single-language context in cognitive control tasks. Interestingly,
Beatty-Martinez et al. (2020) showed that bilinguals in separated
contexts (e.g., South Spain) depended on reactive processes to a
greater extent than bilinguals in contexts where both languages are
indistinctly and more cooperatively used. Similarly, Hofweber et al.
(2020) found that bilinguals engaged in code-switching patterns that
kept languages more separate showed benefits in tasks inducing
reactive control, whereas bilinguals engaged in dense code-switching
situations relied more on proactive strategies. Thus, given that our

'The BSI (Behavioral Shift Index) in the AX-CPT is a measure used to
evaluate an individual’s cognitive control, specifically their ability to switch
between proactive and reactive control strategies. The BSI is calculated using the
formula (AY-BX)/(AY+BX), applied to errors and response times, and then
averaged across trials. A higher BSI indicates greater reliance on proactive
strategies, while a lower BSI suggests more reliance on reactive strategies
(Braver et al., 2009; Chiew & Braver, 2017).
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bilinguals were immersed in a single-language context where both
languages were used in a separated way, we expected to observe an
immediate effect of the switching-between-languages practice in the
PM task.

To test this hypothesis, the total sample was divided into two
groups: (1) the language-switching practice group (hereinafter
“switching group”) where participants carried out a picture naming
L1/L2 language-switching task at the beginning of the experiment
and before performing a PM task; (2) the language-control group
where participants did not perform the picture naming task prior to
the PM. Hence, we compared two groups of bilinguals immersed in
identical single-language contexts, but only one of them was
exposed to language-switching practice before performing the
experimental PM task. The PM task consisted of a 2-back task
(ongoing task) where colored letters were presented and partici-
pants were asked to recall if a given stimulus (a given letter or a
color) appeared two trials before. Additionally, participants com-
pleted a block in which a PM intention was implemented during the
ongoing activity. Hence, participants had to press a different key
when a previously encoded PM cue appeared (i.e., certain stimulus
colors or some specific letters). Given the nature of this practice, we
expected participants in the experimental group to detect PM cues
and switch between the ongoing activity and PM intention more
efficiently, primarily resulting in faster response times. Addition-
ally, if they were more skilled at monitoring the environment, this
could also be reflected in improved recall of the PM’s intention. To
assess possible changes in the specific processes involved in PM,
we recorded the brain activity during the PM and ongoing tasks
and analyzed the ERP components associated with different PM
processes.

A wide body of literature has explored the ERP components
associated with PM (for a review, see West, 2011). Thus, a number
of so-called “prospective components” have been associated with
the monitoring processes required to detect the PM cue in the
course of the ongoing activity, whereas other “retrospective
components” have been related to the recall and updating of the
intention from long-term memory. Specifically, the N300 and
frontal positivity have been described as prospective components
related to the detection of the PM cue in the environment. Thus, the
N300 is characterized by a negative deflection in the PM trials
compared to the ongoing trials around 200 ms, which could be
extended until 300-500 ms. Interestingly, Lopez-Rojas et al. (2022)
found that bilinguals immersed in an interactional context where
both languages work in a cooperative way showed larger N300 in
the more challenging conditions (when compared to monolinguals
and bilinguals from a single-language context). This finding sug-
gested that frequent language switching enhances cue detection. In
another study, this N300 component did not emerge, however,
when single-context bilinguals carried out the PM task in L2
(Lépez-Rojas et al.,, 2023a), likely due to the higher L2 demands
that impaired cue detection. Although the studies on the linguistic
factors that modulate these prospective ERP components are
scarce, studies with monolinguals have observed that this N300
component is more noticeable when more perceptual (compared to
more semantic) cues are provided (Cousens et al., 2015). Fre-
quently, the N300 is accompanied by a frontal positivity, a positive
deflection between 300 and 500 ms after stimulus onset that dif-
ferentiates PM trials from ongoing trials. It also seems to be related
to switching processes between ongoing and PM activities
(Bisiacchi et al., 2009). Frontal positivity, however, was not exam-
ined by Lopez-Rojas et al. (2023a, 2023b), but it has been demon-
strated to be independent of the linguistic nature of the PM cue,
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Table 1. Mean scores and standard deviations on the LEAP-Q, MELICET and the working memory task for the control and switching groups.

Control group Switching group

L1 L2 L1 L2

Mean age of beginning acquisition (years) 0.52 (1.07) 5.19 (2.89) 0.32 (0.66) 4.90 (2.34)
Mean age of becoming fluent (years) 3.65 (1.49) 13.94 (3.09) 4,02 (2.20) 13.54 (3.67)
Mean level of self-competence (from 0-10) 9.30 (1.88) 8.10 (1.67) 9.62 (0.49) 8.46 (0.62)
Mean level of language exposure with family or friends (from 0-10) 8.69° (2.21) 2.36 (2.25) 9.687 (0.95) 2.54 (1.78)
Mean level of reading exposure (from 0-10) 7.04 (2.65) 7.04 (1.95) 6.93 (2.39) 6.64 (2.33)
Mean level of language exposure by TV or radio (from 0-10) 5.78 (2.67) 6.34 (2.39) 5.88 (2.96) 6.96 (2.50)
Mean level of language exposure by self-learning (from 0-10) 3.04 (3.51) 5.00 (3.12) 3.14 (3.87) 5.29 (3.54)
MELICET 37.32 (6.89) - 38.78 (6.48) -
Working memory (Digit span) 7.93 (1.77) - 7.54 (2.85) -

#Measures marked with an asterisk indicate significant differences between groups (p <.05).

occurring with both perceptual and semantic cues (Cousens etal., 2. Method

2015).

On the other hand, the P3b and frontal slow waves have been
associated with retrospective processes such as retrieval from long-
term memory or the realization of delayed intentions (Cona et al.,
2014). Critically, the P3b has been characterized by a positive
amplitude between 300-400 ms and 600—-800 ms elicited by the
PM trials compared to the ongoing trials. This component reflects
the activity of processes related to working memory and context
updating (Polich, 2007; West et al., 2003). This component has
been shown to be larger in bilinguals immersed in a language
interactional context with high task demands when compared with
monolinguals and single-language context bilinguals (Lopez-Rojas
etal., 2022). Similarly, the frontal slow waves, a component defined
by a positive amplitude over the frontal region that begins around
500 ms after stimulus onset (Cona et al., 2014), is considered to
reflect post-retrieval monitoring processes when a PM cue is
detected (West et al., 2003). Both the P3b and the frontal slow
waves are influenced by memory load and the type of information
to be retrieved, with studies showing reduced P3b amplitudes
under high memory loads (West & Bowry, 2005; West et al.,
2006) and greater slow waves in PM tasks requiring effortful
retrospective retrieval (Cona et al., 2014; Rosler et al., 1993; West
et al.,, 2003).

Since the language-switching practice in the present experiment
was assumed to engage monitoring and switching processes, we
expected that the N300 and frontal positivity components — asso-
ciated with prospective PM processes — would be modulated by this
switching practice, that would result in greater ongoing-PM differ-
ences in amplitudes for the practice group than the control group.
Given the prospective nature of this practice in language switching,
we expected that the retrospective components (P3b and frontal
slow waves) that are associated with updating and retrieval of the
intention from long-term memory, would be less affected by our
language-switching manipulation.

*Notice that the prospective memory ERP components likely overlap with
proactive and reactive language control processes during language switching.
The prospective components N300 and frontal positivity, associated with PM
cue detection, may align with reactive control in language switching, where
immediate response to an unexpected cue (nontarget) is essential. The retro-
spective components P3b and frontal slow waves, linked to intention mainten-
ance and post-retrieval monitoring, respectively, may mirror, to some extent,
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2.1. Participants

This study has been approved by the Research Ethics Committee of
the University of Granada (registration number 2262/CEIH/2021).
A sample size of 54 was required to obtain 80% power to detect a
Cohen’s effect size of f = .40. This value is considered a large effect
size in Cohen (1969), and it corresponds to n%= .14 based on the
G*power analysis program (Faul et al., 2007) of a 2 (IV: between-
subject) x 2 (IV: within-subject) repeated measures ANOVA. A
large effect size was inferred by previous results in studies on
prospective memory processing in bilinguals (Lépez-Rojas et al,,
2023a; Lépez-Rojas et al., 2023b).

We evaluated a total of 56 Spanish—-English students from the
University of Granada (11 men; mean age = 20.9, SD = 2.9).
Participants were randomly assigned to the switching group (n =
28), where they completed a language-switching task before the PM
task, or to the control group (n= 28), where they did not complete
the language-switching task. The MELICET and LEAP-Q (Marian
et al., 2007) tests were administered to control for language experi-
ence. Both measures were used to obtain linguistic background
information from the participants (see Table 1). The MELICET
assesses grammar using 50 cloze questions, each with three answer
choices, while the LEAP-Q is a validated questionnaire designed to
collect self-reported information on linguistic experience in both L1
and L2. In addition, to ensure that there were no differences in
memory abilities between the two groups, a working memory task
(digit span) was administered after the experimental task, since
working memory has been related to PM (Rose et al., 2010). The
two groups were matched in their working memory scores (p >.05)
(see Table 1).

Psychology students received course credit, while the remaining
participants received €18 for their participation. All participants
provided written informed consent.

proactive control in language switching, enabling anticipation and preparation
for a switch and reducing nontarget interference (see Declerck, 2020). Therefore,
these PM components may reflect similar cognitive control mechanisms
involved in bilingual language switching.
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2.2. Procedure

The experiment consisted of a two-hour session with two
phases. Initially, participants completed the LEAP-Q on paper.
In the first phase, the participants in the switching group
engaged in language-switching practice for approximately
20 minutes. Importantly, prior research has demonstrated that
goal-directed tasks can potentially enhance abilities related to
cognitive control for subsequent cognitive processes (Gratton
et al., 1992; Ullsperger et al., 2005; Wu & Thierry, 2013). In the
second phase, both groups of participants performed the PM
task while their brain activity was recorded via
electroencephalogram (EEG) was recorded. Note that, follow-
ing established methodologies in the field (Chen etal., 2021; Liu
et al., 2019b; Zhang et al., 2015), the control group directly
engaged in the PM task without completing the first phase
involving language switching. Finally, all participants com-
pleted the MELICET and the digit span at the end of the session.
All tasks were conducted in well-lit, individual rooms isolated
from external noise.

2.3. Tasks

2.3.1. Language-switching task

A cued picture-naming task was used to practice forced language
switching. The entire task lasted approximately 20 minutes. The
participants in the experimental group named the pictures either
in their L1 (Spanish) or L2 (English), according to the frame
color of the pictures. Line drawings were selected from the
database of Snodgrass and Vanderwart (1980). A total of 150 pic-
tures were used in the formal practice session, with an additional
eleven pictures used in a prior familiarization phase. The training
session consisted of two blocks with a break in the middle, each
containing 150 pictures. In each block, there were 75 switching
trials and 75 non-switching trials. Half of the trials were in L1
(Spanish) and the other half in L2 (English). Each trial began with
a fixation point appearing in the middle of the screen for 250 ms.
Thereafter, a picture surrounded by a blue or red frame appeared
at the center of the screen until a response was given, or for a
maximum of 4000 ms. The correspondence between the color of
the frame and language was counterbalanced across blocks and
participants.

2.3.2. PMtask

Participants performed a PM task while EEG brain activity was
recorded. We employed an adaptation of the PM task used by West
and Bowry (2005). The task consisted of a main task (ongoing
activity) that might be interrupted when a PM cue appeared.
Specifically, during the ongoing task, colored letters appeared for
a 2-back task. To avoid any possible effect of the type of item, for
half of the participants, the ongoing task was pressing the “yes” key
when the letter presented on the screen matched with the letter
appearing two trials before, and the “no” key in all other cases. For
the other half, the ongoing task was pressing “yes” when the color of
the presented stimulus matched the color that appeared two trials
before and pressing the “no” key in all other cases. There was a first
block in which participants carried out this ongoing task as a
baseline. Importantly, after this baseline block, there was a block
where participants had to perform the ongoing task, but, in add-
ition, they were asked to implement the prospective intention. For
each participant, the instructions for the prospective task consisted
of pressing a different key when the screen presented a given letter
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or color. Thus, for half of the trials, participants were told that the
PM cues were the letters D, H, L and S, and they should press the
keys 1, 2, 9 or 0, respectively, when one of these cues appeared. For
the other half of the trials, they were instructed to press the 1, 2,
0 and 9 keys when the colors magenta, grey, lime and blue appeared.
The order of these two prospective task instructions and the base-
line block was counterbalanced across participants. Although there
was no specific break between blocks, the experimenter entered the
room between them to ensure participants understood the instruc-
tions and to clarify any doubts.

Henceforth, trials where the prospective cues were presented
will be referred to as “PM” trials because they correspond to the PM
task. The remaining trials that did not contain the PM cue, and in
which participants performed the ongoing activity will be referred
to as “ON” trials. The baseline block consisted of 300 trials where
participants were instructed to respond “yes” to 35% of the stimuli
and “no” to the remaining 65%. The PM block consisted of
600 trials, where 536 trials corresponded to the ongoing task
(ON trials) and 64 trials contained the prospective cues to perform
the intention (PM trials). Before these blocks, a practice phase of
20 trials was carried out.

The stimuli were 10 consonants (B, D, F, H, K, L, N, S, V, Z)
presented in the red, blue, lime, magenta, yellow, gray, black,
maroon, purple, and cyan colors with a 15 mm x 10 mm size.
Participants were shown examples of all the colors during the
instruction phase, and it was confirmed that they could clearly
distinguish them before starting the task. Each trial consisted of
the stimulus presentation (centered for 2000 ms) where partici-
pants gave a response, and it was followed by a blank screen (1500
ms). The tasks described in this section were programmed using the
E-Prime 2.0 software.

2.3.3. EEG recording and pre-processing

We used a Neuroscan Synamps2 (El Paso, TX) system to collect
EEG data with the Curry acquisition software (version 7; compu-
medicsneuroscan.com) and 64 Ag/AgCl electrodes distributed on
the scalp. The data processing was performed with EEGLAB 14.1
(Delorme & Makeig, 2004), running in a MATLAB environment
(version 7.4.0, MathWorks, Natick, MA, USA).

During recording, two pairs of bipolar electrodes were placed
vertically and horizontally to record eye movements. The EEG
analog signal was amplified and digitized at a sampling frequency
of 1000 Hz. The impedance of the electrodes were maintained at
<10 kQ. The ground electrode was placed along the midline in front
of the Fz position. The EEG data were bandpass filtered between 0.5
and 1000 Hz during online recording. A high-pass filter of 0.1 Hz
and a low-pass filter of 30 Hz were applied offline to the data.
Moreover, we applied a notch filter of 50 Hz to remove the external
electronic noise in the signal.

Offline EEG preprocessing was performed in the following
steps: first, all electrodes were referenced to the average of both
mastoids, and a high-pass filter of 0.1 Hz and a low-pass filter of
30 Hz were applied to the data; second, artifacts were removed
through visual inspection, identifying channels with a high level of
artifacts, which were then interpolated from adjacent electrodes;
third, artifact correction was performed using the Independent
Component Analysis (ICA) toolbox in EEGLAB for semi-
automatic artifact removal; and fourth, epoch rejection was con-
ducted with a cutoff of £100 puV (<25% per participant).

The average number of interpolated channels was 3.02, and the
percentage of rejected epochs after ICA was 3.72%. The temporal
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windows were aligned to the onset of the ongoing and PM stimuli.
The time windows for the ERP analysis included a 200-ms pre-
stimulus period used for baseline correction and 1200 ms of post-
stimulus activity.

2.4. Design

The experiment followed a 2x2 mixed factorial design using group
(switching group and control group) as between-subject factor and
type of trial (ongoing, PM) or prospective load (baseline, with PM)
as within-subject factors.

3. Results

First, we report the analyses performed on the behavioral data
(accuracy and response times) for the language-switching task in
the training condition. Second, the analyses performed on the
prospective memory task (accuracy and response times) are
described. This section includes (1) analyses to assess differences
in cue detection and retrieval of the PM intention, and (2) analyses
to assess monitoring cost in the ongoing activity. Finally, ERP data
analyses are reported with a subsection for each ERP component.
Behavioral analyses, including counterbalancing conditions, are
included in the Supplementary Material. All statistical analyses
were conducted using IBM SPSS Statistics software.

3.1. Language-switching training task

For the language-switching group, we analyzed the data from the
naming task. We performed a 2 (language: L1, L2)x2 (switch/non-
switch) repeated measures ANOVA on accuracy and response
times (RTs). Data cleaning was performed on raw response times,
removing data greater than three times the interquartile range.
Also, a 200-ms cut-off was applied to remove automatic responses.

For both accuracy and RTs, we averaged participants’ correct
responses to the pictures and submitted them to a 2 (language: L1 vs
L2)x2 (switch trial: switch/non-switch) repeated measures
ANOVA. Finally, in all analyses, Bonferroni correction for multiple
comparisons in post hoc tests was applied when appropriate.

For accuracy, the analyses revealed significant main effects of
language F(1,27) = 46.94; p < .0001; n;: 0.635 and type of switch
F(1,27) = 28.076; p < .0001; n2= 0.510, indicating better perform-
ance in L1 (M = .96, SD = .04) compared to L2 (M = .85, SD = .10),
and in non-switch trials (M = .92, SD = .10) compared to switch trials
(M = .89, SD = .08). The interaction F(1,27) = 46.94; p < .05; n; =
0.243 involving both variables was also significant, showing greater
differences between switching (L2 switch: M = .82, SD = .11) and
non-switching trials (L2 non-switch: M =.87,SD =.08) in L2 (t(27) =
4.848; p <.0001; d =0.51) than in L1 (L1 switch: M = .95,SD = .04; L1
non-switch: M = .96, SD = .03 #(27) = 2.854; p < .05; d = 0.48).

For response times, there were no significant main effects or
interactions [language F(1,27) = 0.304; p = .586; nlz,: 0.012; type of
switch F(1,27) = 0.383; p = .541; nf): 0.015; language by type of
switch F(1,27) = 0.151; p = .701; 12= 0.006].

Altogether, the results in the picture-naming task indicated an
advantage in both switch and non-switch trials when naming in L1
compared to L2. Interestingly, that contrasts with previous results that
showed impaired performance when switching into L1 from L2
(ie., asymmetric switch cost) due to the inhibition processes needed
for language control (e.g., Costa & Santesteban, 2004). However, usually,
this switch cost in L1 compared to L2 in a switching naming task has
been reported in response times, but not in accuracy (Meuter & Allport,
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1999). Furthermore, not all subsequent studies have reproduced asym-
metric switch costs (e.g., Christoffels et al., 2007; Declerck et al., 2012),
prompting questions about whether these costs truly indicate language
inhibition (see Declerck & Philipp, 2015, for a review).

3.2. Prospective memory (PM) task

We have organized the behavioral results for the PM tasks into two
main sections. First, we include the analysis regarding the PM cue
detection and the retrieval of the prospective intention, and second,
the analysis focusing on the cost of PM monitoring in the ongoing
task. Within each section, we include analyses for accuracy and
RTs. Previously, data trimming was performed by filtering the data
following the criteria used by Lopez-Rojas et al. (2022); that is, RTs
faster than 200 ms were removed. Also, we looked for outlier
participants by checking for mean accuracy values greater than
three times the interquartile range in the ON task, although we did
not have to remove any data for the analysis as a result.

3.2.1. PM cue detection and retrieval of the intention

For these analyses, we compared trials where the PM cue appeared
(PM trials) with trials where participants performed the ongoing
task (ON trials). A PM response was labeled as correct when the
participant pressed the required key upon detecting the PM cue
(detection of the PM cue plus retrieval of the intention). Only
correct responses to the PM cue (M = .61, SD = .16) were reported
for these analyses, since erroneous responses to the PM cue (only
detection) were zero. In order to reduce the interference of atten-
tional changes during the experiment, only the ON trials that
appeared just before the PM trials were selected (Cejudo et al,,
2022). For both accuracy and RTs, we averaged each type of trial
(ON and PM) and group (switching and control). Thus, a 2 (type of
trial: ON, PM)x2 (group: switching, control) repeated measures
ANOVA was carried out (see Table 2A). The accuracy analysis
showed that the main effect of type of trial F(1,46) = 152.949; p <
.0001; n2= 0.769 was significant, indicating better performance in
ON trials (M = .89, SD = .09) compared to PM trials (M = .61, SD =
.16). However, no significant effects or interactions involving the
group variable were found in this analysis [group F(1,46) = 0.503;
p=482; mp=0.011; type of trial by group F(1,46) = 0.135; p = 0.715;
1;= 0.003].

Similarly, for response times, we only found a main effect of type
of trial, F(1,46) = 89.520; p <.0001; n’%: 0.661, where ON trials (M =
1030, SD = 153) presented faster response times than the PM trials
(M = 1223, SD = 144) [group F(1,46) = 2.230; p = .142; 12= 0.046;
type of trial by group F(1,46) = 0.231; p = 0.633; 12 = 0.005].
Altogether, the behavioral results did not show an el%ect of the
language-switching practice on the performance of the PM intention.

3.2.2. The cost of PM monitoring in the ongoing task
To investigate monitoring effects, we performed analyses compar-
ing the ON trials in the ongoing baseline block with the ON trials
from the block in which the PM intention was implemented. Thus,
a 2 (group: switching and control) x 2 (prospective load: baseline,
with PM intention) repeated measures ANOVA on accuracy and
RTs in the ON trials was carried out (see Table 2B). Note that for
these ANOVAs, all ON trials per condition were averaged and
included in the analyses.

Results performed on the accuracy data indicated a significant
main effect of prospective load, F(1,47) = 8.330; p < .05; nﬁ =
0.151, with greater accuracy in the baseline condition (M = .88,
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Table 2. Mean score and standard deviations (in brackets) in behavioral data for the switching and control group in the different experimental conditions

A.Mean scores and standard deviations in accuracy (ACC) and response times (RT) by group and trial type.

ACC RT Total
Switching Control Switching Control ACC RT
ON trials .90 (.16) .88 (.11) 1008 (138) 1054 (166) .89 (.14) 1030 (153)
PM trials .63 (.16) .60 (.16) 1192 (141) 1257 (142) .62 (.16) 1223 (144)
Total .77 (.16) 74 (.14) 1100 (140) 1156 (154)
B. Mean scores and standard deviations in accuracy (ACC) and response times (RT) by group and block.
ACC RT Total
Switching Control Switching Control ACC RT
Baseline .88 (.06) .87 (.06) 815 (153) 860 (147) .88 (.06) 837 (150)
PM condition .85 (.08) .84 (.10) 991 (129) 1029 (154) .85 (.09) 1010 (142)
Total .87 (.07) .86 (.08) 903 (141) 945 (151)

SD =.06) compared to the PM condition (M = .85, SD =.10). Even
s0, in accuracy, there were no significant effects of group F(1,47) =
0.378; p = .542; n12,= 0.008 or interaction between the variables group
and prospective load F(1,47) = 0.281; p = .599; nf, = 0.006. For
response times, we found the same pattern of results where the main
effect of prospective load reached significance F(1,47) = 8.330; p <
.0001; m? = 0.151, indicating faster response times in the baseline
condition (M = 837, SD = 150) compared to the PM condition (M =
1010, SD = 142). No other main effects or interactions were signifi-
cant [group F(1,47) = 1.183; p = .282; nf,z 0.025; prospective load by
group F(1,47) = 0.028; p = 0.869; n;: 0.001].

In sum, our data showed an impairment in the performance of
the ongoing activity (accuracy and response times) when the PM
intention was implemented, compared to the condition without
PM intention (baseline condition).

3.3. Electrophysiological data: ERPs

To investigate the modulations associated with language-switching
practice in the PM task, we compared the ERPs for hits in PM and
ON trials for each group (switching vs. control group). As in the
behavioral analysis, we selected the ON trials that appeared imme-
diately before the PM trials. Thus, to study the prospective com-
ponents of the PM task, we explored the N300 and frontal
positivity, components that usually appear together and that have
been associated with strategic monitoring processes in cue detec-
tion during a PM task. Following visual inspection and based on
previous studies, we selected the time window from 200 to 400 ms
to analyze both components (see also Cejudo et al., 2022; Lopez-
Rojas et al,, 2022; West, 2011). The N300 was located over parietal-
occipital electrodes (PO5, PO3, POZ, PO4, PO6, O1, OZ, 02) and
the frontal positivity over electrodes in the midline frontal region (F3,
F1, FZ, F2, F4, FC3, FC1, FCZ, FC2, FC4). In addition, we analyzed
two other components that have been related to the retrospective
memory components of PM: the P3b and the slow wave component.
The P3b component is associated with working memory
(WM) updating upon cue detection, and it was registered at 300—
400 ms in parietal regions (P3, P1, PZ, P2, P4, PO5, PO3, POZ, PO4,
PO®6). Finally, to capture the frontal slow waves that have been related
to monitoring and evaluation of the retrieved intention, we analyzed
the mean amplitude in the time window from 500 to 1200 ms in
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frontal regions (F3, F1, FZ, F2, F4, FC3, FC1, FCZ, FC2, FC4). After
preprocessing the EEG data, one participant was excluded due to
high levels of noise in the EEG signals resulting in significant epoch
rejection. Thus, data from 28 participants in the switching group and
27 in the control group were entered into the analyses.

For each component, we averaged the mean amplitudes across
electrodes and conditions and submitted them to a 2 (group:
switching, control) x 2 (type of trial: ON, PM) repeated measures
ANOVA.

3.3.1. N300

We averaged the amplitudes per participant and submitted them to
a 2 (group: switching, control) x 2 (type of trial: ON, PM) repeated
measures ANOVA (see Figure 1). The main effect of type of trial
(F(1,53) = 7.725; p < .05; nlz,: 0.127; ON trial: M = —0.091, SD =
2.80; PM trial: M = —0.421, SD = 2.76) was significant, with more
negative amplitudes in the trials where the PM cue appeared
compared to the ON trials. However, the main effect of group
F(1,53) = 0.008; p = .930; nf,: 0.00 was not significant. Most
importantly, the interaction type of trial by group F(1,53) = 8.929;
p < .05; T];= 0.144 was significant.” Analyses of this interaction
showed that there were significant differences between type of
trials for the switching group (ON: M = 0.113, SD = 3.030; PM:
M = —0.559, SD = 2.956; t(27) = 4.311, p < .0001, d = 0.225),
whereas in the control group, the differences between trials did
not reach significance (ON: M = —0.301, SD = 2.587; PM: M =
—0.277, SD = 2.60; t(26) = —0.140, p = .890, d = —0.009)."

*To explore alternative explanations for this interaction, we also analyzed
group differences for ON and PM trials. No group differences were found either
for ON (#(53) = —0.544, p = .589, d = —0.07) or for PM trials (#(53) = 0.376,p =
.708, d=0.05).

*As suggested by an anonymous reviewer, we analyzed the 0-200 ms time
window in the same ROI. Results revealed the same pattern of wave differences
between the control and switching group (group x trial interaction: F(1,52) =
7.244; p < .05; n; = 0.122). Specifically, the practice group showed greater
negativity in the PM trials compared to the ON trials (#(27)=2.51, p < .05, d =
—0.41) but not the control group (#(26)= —1.25, p > .05, d = —0.18). These results
can be explained by an early N300 component as found previously (175-300 ms
in Lopez-Rojas et al. (2022;200—-300 ms in Lopez-Rojas et al., 2023a) or by an
N200 (rather than an N300) component associated with visual attention reflect-
ing stimulus-memory match (Morrison et al., 2019; Patel & Azzam, 2005).
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Figure 1. Grand-averaged event-related potentials at brain regions of interest for the N300 (top row) and the frontal positivity (bottom row). Dashed lines represent mean
amplitudes in microvolts for ON trials, whereas solid lines represent PM trials. Time windows of interest in each component are framed in red.

3.3.2. Frontal positivity

To study this component, we performed a 2 (group: switching,
control) x 2 (type of trial: ON, PM) repeated measures ANOVA
(see Figure 1). The main effects of type of trial F(1,53) = 31.241; p <
.0001; n?=0.371 was significant, indicating greater wave positivity in
the PM trials (M = 0.603, SD = 2.053) compared to the ON trials (M =
—0.136, SD = 2.222). The main effect of group F(1,53) = 0.001; p =
973; n; 0.00 was not statistically significant. In contrast,
the interaction between the type of trial and group F(1,53) = 7.478;
p <.05; n127= 0.124 reached significance, indicating that the difference
between trials was greater in the switching group (ON: M = —0.303,
SD = 2.566; PM: M = 0.789, SD = 2.240; #(27) = 4.311, p < .0001,
d = —0.445) than in the control group (ON: M = 0.037, SD = 1.830;
PM: M = 0411, SD = 1.861; #(26) = —2.179, p < .05, d = —0.199).

3.3.3. P3b

A repeated measures ANOVA with 2 (group) x 2 (type of trial) was
conducted to explore the P3b component. Figure 2 shows mean
amplitudes for this component. There was a significant main effect of
type of trial F(1,50) = 12.258; p < .05; n;: 0.197 with ON trials (M =
1.578, SD = 2.535) showing greater positive amplitude compared to
PM trials (M = 1.110, SD = 2.597). By contrast, the main effect of
group F(1,50) = 0.020; p = .887; 1112,= 0.00 and the type of trial by
group F(1,50) = 0.262; p = .611; nf,z 0.005 were not significant.

3.3.4. Frontal slow waves
A 2 (group) x 2 (type of trial) ANOVA for repeated measures
was conducted (see Figure 2 for a graphic representation of this
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component). The main effect of type of trial F(1,50) = 27.230; p <
.0001; 7112,= 0.353 was significant, indicating lower positive amplitude
in ON trials (M = 0.001, SD = 2.454) than in PM trials (M = 1.249,
SD = 2.796). In contrast, none of the other effects and interactions
reached significance [group F(1,50) = 0.113; p = .738; n2= 0.002,
type of trial by group F(1,50) =3.084; p = .085; 1= 0.058].

4. Discussion

Previous research has shown that language experience influences
attention, reasoning, etc. However, little research has been dir-
ected toward understanding the effect of language experience on
prospective remembering (see Lopez-Rojas et al., 2022, 2023a,
2023b). The aim of this study was to investigate whether previous
practice in language switching in Spanish-English bilinguals
modulated their performance in a subsequent PM task, and if that
was the case, to identify the PM processes affected by the practice.
To this end, late bilingual participants carried out a language-
switching task prior to the execution of a PM task, and we
compared their performance with an equivalent late bilingual
group without previous switching experience. During the task,
we recorded brain activity with EEG, in order to qualify the nature
of these changes and identify the ERP components associated with
different PM processes.

Interestingly, results indicated that practicing language switch-
ing did not have evident behavioral effects on PM performance
but selectively modified some ERP components associated with
PM processing. The lack of effects or interactions of language-
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Figure 2. Grand-averaged event-related potentials at brain regions of interest for the P3b (top row) and the frontal slow waves (bottom row). Dashed lines represent mean
amplitudes in microvolts for ON trials, whereas solid lines represent PM trials. Time windows of interest in each component are framed in red. While visual inspection suggests larger
amplitude differences in the switching group compared to the control group, statistical analyses did not reveal a significant interaction effect.

switching practice on the behavioral data occurred even though
the analyses captured the usual effect of type of trial. Thus,
accuracy and RTs clearly showed the usual differences between
trials where the ongoing task was performed by itself (ON trials)
and those where the PM cues had to be detected and the prospect-
ive intention implemented (PM trials). Higher accuracy and faster
response times in the ON trials compared to the PM trials
(Ballhausen et al., 2017) are expected since correct performance
in the PM trials requires the detection of the PM cue, interrupting
the ongoing activity, shifting attention to recall the PM intention,
and executing it (Kliegel et al., 2011). Similarly, the pattern of
results indicated a cost in the ongoing activity when the PM
intention was implemented compared to when it was performed
in isolation (Marsh et al., 2002). Again, larger accuracy and faster
response times in the baseline condition compared to the condi-
tion with PM intention suggest that remembering a future inten-
tion while an ongoing activity is being carried out requires
reallocating attentional resources, resulting in a performance
decrease (Smith, 2003). While the usual PM behavioral effects
were evident in our data, the absence of modulation by switching
practice might be explained by the nature of language switching,
which primarily involves high-cognitive processes such as inhib-
ition and monitoring (Calabria et al., 2019; Hartanto & Yang,
2019; Struys et al., 2019). These processes can engage selectively
prospective neural mechanisms without necessarily leading to
overt changes in accuracy or reaction times, especially in PM
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tasks where performance is already high or where ceiling effects
may occur (Uttl, 2008).

In this regard, differences in the PM task due to exposure to
language switching appeared in the ERP data. Similar to other
studies (Grundy & Bialystok, 2018), even in the absence of behav-
ioral modulations, we found differences between the control and
switching groups in the ERP analyses. Most importantly, these
modulations appeared only in the ERP components associated with
prospective processing (i.e., N300 and frontal positivity), whereas
no modulations were found in the retrospective components
(i.e., P3b and frontal slow waves).

Thereby, we found a larger N300 amplitude for the PM trials
than for the ongoing trials (West, 2011), indicating the engagement
of detection processes when the PM cue appeared. Similarly, we
found a general effect of the type of trial in the frontal positivity
component, with more positive wave amplitudes for the PM trials
than for the ongoing trials. More importantly, analyses indicated
that, for both the N300 and the frontal positivity, participants in the
switching group showed greater negative and positive amplitudes,
respectively, in the PM trials compared to the ongoing trials. The
larger significant differences between PM and ON trials in the
language-switching groups in these ERP components and the lack
of significant differences in the control group for the N300 suggest
that the two groups differ in the degree to which they engage
monitoring resources during the PM task. It is important to inter-
pret these effects as being specific to the cognitive demands of
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language switching, rather than as general consequences of
engaging in any task prior to the PM task. This may explain, for
example, the lack of group differences in behavioral results, as the
brief language-switching practice may not be sensitive enough to
affect performance in the nonlinguistic PM task, but does affect
neural data.

Altogether, the pattern of results in the prospective components
indicates that a short practice in language switching has neural
consequences in the strategic monitoring processes involved in the
detection of PM cues in the environment. These results agree with
the findings by Lopez-Rojas et al. (2022), which indicated that
bilinguals immersed in a context with frequent switching between
languages showed greater N300 compared to bilinguals and mono-
linguals from a single-language context. Thus, similarly, the N300
component was not evident in our single-context bilinguals in the
present study but emerged in the same type of bilinguals after
language-switching practice. An intriguing result is the absence of
differences between PM and ON in the N300 component within the
control group. Notice, however, that the N300 has not always been
detected in some PM studies (Lopez-Rojas, et al., 2023a; Wang et al.,
2013; West, 2011; West et al., 2006; Wilson et al., 2013), highlight-
ing the elusive character of this component and its susceptibility to
factors such as the nature of the PM cues or the type of PM task
being performed (Cousens et al., 2015). Similarly, the effect of the
practice group in the frontal positivity component resembles the
data of previous studies with tasks that involved language switching
(Kuipers & Thierry, 2010). For example, Beatty-Martinez and
Dussias (2017) found that non-code-switching bilinguals had an
enhancement in frontal positivity during code-switching process-
ing relative to unilingual processing. Also, Kaan et al. (2020)
reported evidence that, in the presence of monolinguals, bilinguals
showed greater frontal positivity when a trial with unexpected
language switching appeared compared to non-switch trials, indi-
cating the role of this component as a marker of language control in
interactional contexts (Beatty-Martinez & Titone, 2021).

Furthermore, our data evidence the transfer of processes from a
pure language control task (e.g., naming task) to a more domain-
general task (e.g., PM task). Hence, results in the N300 and frontal
positivity suggested greater engagement of monitoring and switch-
ing processes by the switching group to complete the task. In
contrast, the retrospective components (i.e., P3b and frontal slow
waves) did not show between-group differences, suggesting that,
unlike the prospective components, training in language switching
did not affect the memory updating processes involved in PM.

Similar to other previous studies (West, 2011), analyses of the
P3b component showed differences between types of trials.
Nevertheless, we found greater positivity in the ON trials than
in the PM trials, which is different from the more positive amp-
litude for PM trials relative to ON trials found in other PM studies
(Westetal., 2003). However, our pattern of results is in agreement
with Lopez-Rojas et al. (2022), where bilinguals with frequent
language-switching experience, and bilinguals and monolinguals
from a single-language context showed greater P3b wave positiv-
ity during the ongoing activity compared to the PM trials. They
argued that the different pattern may be related to the monitoring
requirements imposed by the task, so that in difficult monitoring
conditions participants might engage to a greater extent in work-
ing memory and updating processes during the ongoing activity to
overcome the monitoring cost associated with retaining and
recalling the PM intention from memory. In line with this idea,
previous studies showed that increasing the working memory load
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of the ongoing activity resulted in a reduced P3b in the PM trials
(West & Bowry, 2005; West et al., 2006). Thus, it might be possible
that the nature of the ongoing activity in the present study (i.e., an
N-back) resulted in a highly demanding working memory condi-
tion during the ongoing task that reversed the wave amplitudes in
the P3b.

Similarly, the frontal slow waves component (more positive
amplitudes in the PM trials compared to the ongoing trials), that
was also independent of the between-groups manipulation, was
observed. This component indicated the presence of retrieval moni-
toring processes when a PM cue is detected (Rosler etal., 1993; West
et al.,, 2003). However, the frontal slow waves component has been
demonstrated to be sensitive to the retrieval demands of the PM
task. Thus, previous studies indicated greater frontal slow waves in
more-demanding PM conditions, reflecting the engagement of a
more effortful retrospective retrieval (Cona et al., 2014). Hence, the
absence of differences between groups in our study suggested that
participants were similarly engaged in the retrieval processes
needed to recall the future intention.

This pattern of results is important because it identifies and
dissociates the PM processes influenced by language-switching
experience. Whereas language-switching practice influences the
prospective components of PM (i.e., N300 and frontal positivity),
no modulations were found in the retrospective components (P3b
and frontal slow waves). In addition, this dissociation is theoretic-
ally consistent, because language switching involves context moni-
toring and cue detection (Declerck & Philipp, 2015; Macizo et al.,
2012), processes that have also been proposed as involved in PM
tasks (Ballhausen et al., 2017; Scullin et al., 2015). These processes
suggest overlapping demands between language switching and PM
tasks in terms of monitoring and attentional control, but not in
terms of memory.

However, language switching is primarily associated with mech-
anisms like inhibition (Calabria et al., 2019; Green & Abutalebi,
2013) and domain-general monitoring (Hartanto & Yang, 2019;
Struys et al., 2019), rather than relying on memory retrieval pro-
cesses. Although memory functions such as storage, updating,
recognition, or recall may play a supporting role, they are not
central to the cognitive mechanisms underlying language switch-
ing. This distinction is reflected in our findings, where language
training practice modulated ERP components associated with pro-
spective processing but did not engage components linked to the
retrieval of intentions from long-term memory. The specific schema
retrieved upon cue detection plays a crucial role in modulating
retrospective processes. Future studies should focus on these retro-
spective processes by incorporating, for example, linguistically com-
plex stimuli to retrieve when presented the PM cue. This
manipulation will allow the PM task schema to align more closely
with language switching, enabling a better examination of shared
cognitive mechanisms. Interestingly, the fact that language-switching
practice had no effect at a behavioral level but did so at a neural level
points to the high sensitivity of EEG to explore fine-grained neuro-
cognitive processes. A number of previous studies have also shown
language-related brain differences without evident behavioral effects
in bilinguals (Ansaldo et al., 2015; DeLuca et al., 2020; Luk et al,,
2010; Rodriguez-Pujadas et al., 2013). The lack of behavioral effects
has been suggested as advantageous, since it rules out interpretations
due to possible confounds emerging from differences in performance
and favors interpretations based on the functional neural modula-
tions of language experience (Grundy et al., 2017; Luk et al., 2010; for
an opposite argument, see de Bruin et al., 2021).
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In fact, previous neuroimaging studies on language-switching
training have highlighted how different bilingual experiences can
produce distinct neurocognitive adaptations (for a recent framework,
see DeLuca et al., 2020). For example, Kang et al. (2017) found that
after a short-term language-switching training, bilinguals showed
reduced activation in language control brain areas such as the
anterior cingulate cortex and the caudate. Moreover, these changes
correlated with a reduction in switching costs, indicating a benefit in
general conflict monitoring processes engaged in the language-
switching task. Similarly, previous studies have shown how bilingual
language switching modified the activation in the anterior cingulate,
making the control of cognitive conflict more efficient (Abutalebi
et al., 2012). Hence, due to the significant role of the anterior
cingulate cortex in the top-down control processes elicited when a
PM cue appears (Botvinick et al., 2001; Cona et al., 2015), we suggest
that the language-switching practice in our bilingual participants
could affect the activation in this area, modulating the strategic
monitoring processes involved during the PM task. Further neuroi-
maging studies should address how variations in the bilingual experi-
ence differently modulate the brain regions associated with the
prospective and retrospective processes engaged in a PM task (for
a meta-analysis, see Cona et al., 2015).

Additionally, these findings are in line with a wide body of
literature that explores the influence of the interactional context
in which bilinguals are immersed on different cognitive outcomes
(Beatty-Martinez et al., 2020; Hartanto & Yang, 2016; Hofweber
etal., 2016). From this perspective, studying the cognitive effects of
individual differences in the bilingual experience is a promising line
of research. Importantly, the pattern of results supports previous
studies indicating that language-switching training could impact
general cognition beyond pure linguistic tasks (Chen et al.,, 2021;
Liu et al,, 2019b; Timmer et al., 2019; Zhang et al., 2015).

Finally, an aspect warranting nuanced consideration is the
duration and nature of the language-switching practice employed
in this study. The observed effects on relevant ERP processes
following the brief practice period on language switching raise
questions about whether these effects are inherently tied to bilin-
gualism. First, the use of a passive control group raises the possi-
bility that the practice undertaken by the switching group may have
induced heightened general arousal and alertness or enhanced
working memory fluency, potentially influencing the observed
ERP correlates associated with PM. Second, it could also be argued
that similar results could have been observed with a nonlinguistic
switching task. Although these arguments have some merit, it is
important to note that previous studies investigating the effects
of language-switching practice on cognitive abilities have often
employed similar methodologies (Chen et al, 2021; Liu et al,,
2019b; Zhang et al., 2015). Additionally, Au et al. (2020) conducted
a meta-analysis focusing on quantifying the difference between
active and passive control groups in cognitive interventions, sug-
gesting no meaningful performance difference between the control
groups. In addition, our findings replicate previous PM bilingual
studies. Specifically, similar ERP modulations (greater amplitude
differences between the ongoing and PM trials in the N300 com-
ponent) have been found for bilinguals immersed in dual-language
contexts compared to bilinguals from single-language contexts
(Lopez-Rojas et al., 2022). Hence, the significance of our study lies
in its experimental approach, adding evidence to previous data
suggesting an impact of prior language-switching practice on
PM. However, further studies should be conducted to examine
these issues in greater depth.
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In sum, this study provides evidence of the immediate impact of
language switching on the recall of future intentions. Therefore, we
suggest that different patterns of L2 use and exposure could modu-
late the cognitive processes underlying prospective processing.
Additionally, these data agree with previous studies exploring the
effect of language-switching practice on cognitive processes such as
monitoring or inhibition (Liu et al., 2019b; Timmer et al., 2019;
Zhang et al., 2015). Future research should explore in greater depth
how PM can be modulated by factors related to language switching,
such as immersion in different interactional contexts (Kroll et al.,
2018), use of code-switching (Tomi¢ & Valdés Kroff, 2022) or
language entropy (Gullifer & Titone, 2020).

5. Conclusion

Practice in language switching has a notable effect on the prospect-
ive neural correlates of prospective memory. These data show the
power of language to modulate cognitive processes such as atten-
tion, perception, or long-term memory (Arndt & Beato, 2017;
Bialystok et al,, 2020; Chabal & Marian, 2015; D’Souza et al,,
2021; Del Maschio et al., 2022) and support previous findings about
the role of the interactional context in which bilinguals are
immersed in shaping cognitive control (Gullifer et al., 2018; Har-
tanto & Yang, 2020; Khodos et al., 2021).
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