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Abstract: Language influences how we process information from multiple domains. Thus, working
in first (L1) or second language (L2) can modulate bilinguals” performance on basic activities, such as
visual search, decision-making, or reading. However, few studies have explored the role of L1 and L2
processing during an essential ability, such as Prospective Memory (PM). This type of memory allows
us to set intentions to perform in the future (e.g., to attend an appointment). Thus, this is a novel study
that allows us to explore the influence of bilingual language processing on certain cognitive abilities,
which have not been deeply studied yet, such as the recall of future intentions. Thereby, this study
aimed to explore the neural and behavioural correlates of bilinguals during L1 and L2 processing
in a PM task where participants had to carry out an ongoing task while recovering a prospective
intention given a PM cue. Importantly, the nature of the PM cue (focal or non-focal) varied the
monitoring demands of the task. Behavioural and Event-Related Potential (ERP) results indicated
greater engagement of monitoring processes in the PM task during L2 processing. Specifically, in
L2, we found lower accuracy rates in the ongoing task and smaller amplitude differences between
the focal and non-focal conditions in the P3b. Altogether, these findings suggest an impairment in
prospective processing due to working in L2 contexts, supporting previous research on the impact of
the bilingual experience over PM.

Keywords: bilingual language processing; prospective memory; bilingualism; event-related potentials
(ERPs)

1. Introduction

Language processing is inherent in every activity that we face in our daily life. Beyond
common activities, such as reading the news, having a discussion with your colleague,
or writing an email, language processing is also critical when we are planning, making
decisions, or generating new ideas. Research on linguistic relativity has focused on ex-
ploring how different languages modulate the way in which we think [1]. Thus, language
processing influences how we integrate and interpret information from multiple domains
(for a recent conceptual review see Thierry [2]). For instance, classic studies [3] showed that
the way in which we categorize colours depends on the language we speak. More recently,
He et al. [4] evaluated Mongolian and Chinese speakers’ colour perception and found
better colour discrimination in Mongolian speakers (who have two words to describe light
blue and dark blue) compared to Chinese speakers (who have only one word to describe
both colours). The possible influence of language in how we process the environment
is especially critical for bilingual people who have to manage the use of two or more
languages when they are faced to multiple situations. Previous studies indicated that
bilinguals co-activate both languages even if only one is required during the task [5,6]. This
co-activation results in the need to negotiate between both languages to avoid competition
when selecting the appropriate language for the context [7]. Importantly, this co-activation
impacts the way in which bilingual people perceive the world and the underlying cog-
nitive processes, especially when these activities are performed in their less dominant
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language [8]. Interestingly, a vast body of literature has shown the consequences of second
language processing on cognitive processes, such as visual attention [9], perception of
multisensory emotions [10], and long-term memory [11]. These findings demonstrate the
relevance of exploring how bilingual people face daily activities in their first (L1) or second
(L2) language and, more specifically, how bilingual language processing modulates specific
real-world phenomena.

If we think about different tasks in day-to-day life, we can easily imagine situations in
which the recall of future intentions is relevant. For example, making a call at a specific time,
remembering to go to the grocery store to replenish or going to a scheduled appointment.
Recalling future intentions is termed Prospective Memory (PM). To study PM in controlled
experimental settings, participants are asked to perform a main activity, such as a picture
naming task (i.e., ongoing task). Additionally, participants are instructed to perform an
additional task (i.e., PM task) that involves the recall of a future intention in the presence of
a PM cue previously encoded. For example, participants may be told that while they are
performing the picture naming task (ongoing task), they have to press the key labeled in
green when the picture of a ball (i.e., PM cue) appears on the screen. This event-based PM
paradigm has been extensively used to study PM in the lab [12].

Cognitive processes, such as monitoring or switching [13,14], have been proposed
to underlie the correct performance in this type of activity. Interestingly, the attentional
processes engaged to perform the PM intention has been shown to be modulated by the type
of PM cue (focal vs. non-focal cues). Thus, as stated in the Multiprocess Framework [15],
properties of the focal cues engage processes that are also the main focus of the ongoing
activity (e.g., a specific picture in the naming task) and can elicit the “spontaneous retrieval
of the intention” without the engagement of costly monitoring or retrieval processes [16].
In contrast, when non-focal cues are presented, participants are required to pay attention to
elements that are not involved in the ongoing task (e.g., detecting a specific colour framing
in the screen during a picture naming task) and that signal the moment to perform the
intention (i.e., PM cue). Consequently, when non-focal cues signal the PM, extra processing
is required to detect this PM cue. In sum, PM allows us to create future intentions at the
proper time or situation by engaging prospective processes that vary depending on the
attentional demands of the task.

Similarly, bilingual people also pay attention to the environment to detect contextual
cues that allow them to select the correct language in each situation [17]. Hence, this
expertise in managing two languages might transfer to an essential ability, such as PM,
which engages similar cognitive processes. The role of bilingualism on PM is a relevant
question to be investigated since it will contribute to understanding the processes involved
in both prospective memory and bilingual processing and how they modulate each other.
Thereby, we describe below recent studies that address some of the relevant questions
related to this topic.

In this regard, previous studies have focused on exploring the role of bilingualism as
a modulator factor of performance in PM activities. For instance, Lépez-Rojas et al. [18]
studied how different bilingual experiences influence the recall of future intentions. Interest-
ingly, they evaluated participants that differed in their bilingual experience (monolinguals,
late bilinguals from a single-language context, and early bilinguals from a context with
frequent language-switching). In this experiment, participants completed a non-verbal
PM task that varied in their monitoring requirements (focal vs non-focal cues). In addi-
tion, online EEG brain activity was recorded during the task to explore the N300 and P3b
components [19] that are related to the detection of the PM cue and to intention moni-
toring processes, respectively. Thus, for the N300, the early bilingual group showed an
enhancement of the monitoring processes engaged to detect the PM cue during the more
demanding condition (non-focal) compared to the monolinguals and late bilinguals. How-
ever, the differences associated with the bilingual experience were not evident in the less
costly condition (focal). Most importantly, the P3b showed that early bilinguals adapted
their monitoring strategies not only to detect the PM cues, but also during the ongoing
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activity to refresh the PM intention and perform it at the proper time. Nevertheless, given
that the PM task in this study [18] was basically non-verbal, an intriguing question to study
is how these processes vary when the PM task involves language processing and when this
processing is performed in the participants’ first (L1) or second languages (L2). Thereby,
Lopez-Rojas et al. [20] aimed to explore how bilinguals” performance in a verbal PM task
varied when they completed it in L1 or L2 and how the linguistic complexity and the atten-
tional requirements associated with the PM task varied. In a within/between subject design,
they compared monolinguals’ and bilinguals” performance in L1, but also how bilinguals
differed when the task to be performed was in their L1 or in their L2. Overall, bilinguals
outperformed monolinguals in L1 with faster response times and greater accuracies in the
more demanding PM condition. This pattern of results suggested greater efficiency of the
bilingual group in engaging the monitoring abilities required by the PM task, supporting
previous studies that indicated the ability of bilinguals to adapt their cognitive strategies
to the demands of the task [18,21-23]. Critically, in agreement with previous results in
the field [24], the comparisons between L1 and L2 for bilinguals in Lopez-Rojas et al. [20]
indicated a cost associated to work in their less dominant language. In general, bilinguals
showed slower response times and lower accuracies in L2 compared to L1. Again, these
effects were modulated by the monitoring demands of the task so that the differences
between L1 and L2 appeared in the more demanding condition (non-focal), whereas they
were not evident in the less demanding focal task. Altogether, these findings indicate
the critical role of bilingualism in modulating the recall of future intentions, especially
when the ongoing and PM activities are performed in a second language. Unfortunately,
electrophysiological data was not collected in this study, so there was no evidence of the
neural correlates of the PM task in L1 and L2. These data are important given the fine-
grained sensitivity of electroencephalogram information to detect the underlying cognitive
processes of the bilingual experience in general cognition and, specifically, in the way in
which bilingual language processing modulates certain memory processes. In this line, this
experiment supposes an important contribution to the psycholinguistic field in its effort to
understand how bilingualism shapes our mind and brain.

Aims and Hypotheses

The main goal of the present experiment is to study the behavioral and electrophysio-
logical correlations associated to first or second language processing during a PM task. To
this end, our bilingual participants were asked to complete a PM task in Spanish (L1) and
in English (L2). In addition, and following previous studies in the field [18,20], the nature
of the PM task, i.e., focal and non-focal, was manipulated to obtain conditions that varied
in their monitoring requirements [25]. This manipulation is theoretically relevant because
it allows us to study the influences of the monitoring demands in the prospective processes
engaged during a PM task that requires language processing.

Additionally, during the PM task, we recorded brain activity to observe the event-
related potentials (ERPs) elicited by the activity. In particular, we aimed to explore the ERPs
classically associated to prospective processing during a PM task: P3b and N300 [19,26-28].
The P3b is a positive deflection in PM trials when compared to ongoing trials over centro-
parietal regions around 300—400 ms after the stimulus onset and lasting to 600-800 ms after
the appearance of the stimuli. Usually, the P3b is associated to stimuli that work as targets
or PM cues, reflecting working memory processes and context updating. Therefore, it is
considered as signaling monitoring within the PM context [29]. On the other hand, the
N300 component is a negative deflection in the occipital and parietal regions elicited by the
detection of the PM cue around 300-500 ms after the stimulus appears. This component
reflects a negative amplitude of the PM cues compared to the ongoing trials, which present
a greater positive wave amplitude [30].

Hence, at a behavioural level, we expected to find lower performance when the task
is carried out in L2 compared to L1. As previous research suggests [20], the recall of
future intentions in L2 could be costlier and more demanding [31,32] and, consequently,
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fewer resources might be available to detect the PM cue and process the PM intention.
Thus, we expected to observe slower response times and lower accuracies when the PM
task is performed in L2 compared to L1. Similarly, we expected to observe the classic
focality effect in our data, that is, faster response times and greater accuracies for the focal
condition compared to the non-focal condition. Focality effects have been reported in a
wide body of studies in the field [33-35], supporting the existence of dual pathways in
prospective remembering [36].

In addition to the behavioural effects, we expected that L1 and L2 differences might
also be reflected in the ERP components. Interestingly, to the best of our knowledge, this
is the first study to explore the neural correlates associated with PM performance during
first or second language processing. Based on previous results [18,19,30], we expected
that the P3b and N300 components associated with differences between PM and ongoing
trials would be modulated by focality and language. Thus, we expected to find a focality
effect with greater amplitude-differences in the non-focal than focal conditions (that is more
positive amplitude for the P3b in the non-focal than focal condition, and more negative
amplitudes for the N300 in the non-focal than focal conditions). Because these focality
effects reflect the capacity to adjust the monitoring and detection processes to the demands
of the task, we expected that they would interact with language resulting in a lower capacity
to adjust these processes when the language involved is the more demanding L2 (reflected
in the ERPs with similar amplitudes for focal and non-focal conditions in L2). It is also
possible, however, that L2 processing may result in larger amplitude changes in the non-
focal condition relative to the focal, reflecting larger difficulties in prospective processing
during the more demanding condition (non-focal) and the need to engage more cognitive
resources to perform the task.

Although both hypotheses are possible, as we previously described, results comparing
monolingual with early and late bilinguals [18] suggest that more difficult L2 processing
might be related to impaired capacity to adjust strategies (i.e., focality effects were stronger
for early bilinguals when compared with late bilinguals and monolinguals who were
unsuccessful in adjusting their performance to the monitoring demands). Hence, if we
assume that L2 processing will act to reduce the bilinguals’ capacity to adjust their strategies,
we would expect that the effect of focality will also be reduced in L2 when compared
with L1.

2. Materials and Methods
2.1. Participants

This study was approved by the Research Ethics Committee of the University of
Granada (registration number, 84/CEIH/2015). A sample size of 30 was necessary to detect
a medium Cohen’s d effect of 0.5 (power = 96%; a = 0.05) for a 2 x 2 repeated measures
ANOVA, based on the PANGEA power analysis program [37]. A total of 31 Spanish-
English bilingual volunteers (5 men; mean age = 23.06, SD = 3.425) that were university
students participated in this study. All volunteers were native Spanish speakers who
acquired English (L2) high fluency during childhood. In order to gain knowledge about
the participants’ language experience and background, several measures were collected.
Thus, the Language Experience and Proficiency Questionnaire (LEAP-Q) [38] is a validated
questionnaire used to collect self-reported information about linguistic experience in the
native (L1) and second language (L2), age of acquisition, frequency of language use,
and exposure to each language. Additionally, to assess participants English language
proficiency, the Michigan English Language Institute College Entrance Test (MELICET)
was applied. The questionnaire evaluates grammar through 50 cloze questions with three
answer options. Following previous studies [17,18], participants who obtained a direct
score of 35 or more out of 50 were included in our experiment. Due to the fact that the
MELICET was applied as a screening test, those potential participants that obtained direct
scores lower than 35 did not qualify to participate in the study and were not invited to
participate in the experiment. Hence, participants in the current study were preselected to
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reach native-like proficiency levels (M = 37.9; SD = 7.35). Table 1 reports a summary of the
average scores provided by this sample to relevant items from the LEAP-Q.

Table 1. Mean score and standard deviations in L1 and L2 questions from the LEAP-Q.

L1 L2
Proportion of current exposure to the language 0.64 * (0.16) 0.30 * (0.14)
Proportion of preference to read in each language 0.51 *(0.23) 0.43 *(0.21)
Proportion of preference to speak in each language 0.54 * (0.29) 0.35*(0.22)
Mean age of beginning acquisition (years) 4.71 (2.66)
Mean age of becoming fluent (years) 12.87 (4.94)
Mean level of self-competence (from 0-10) 8.5 (1.26)
Mean level of language exposure with family or friends (from 0-10) 3.87 (3.25)
Mean level of reading exposure (from 0-10) 5.93 (3.69)
Mean level of language exposure by TV or radio (from 0-10) 8.58 (2.19)
Mean level of language exposure by self-learning (from 0-10) 2.54 (3.29)

* Indicated significant differences (p < 0.05) between L1 and L2 comparisons.

2.2. Design

In this experiment a 2 (language: L1, L2) x 2 (focality: focal, non-focal) factorial
within-subject design was employed to examine participant’s performance on the PM and
ongoing (ON) tasks.

2.3. Procedure and Materials

All participants signed a written consent form before being evaluated. The tasks were
performed in well-lit, isolated, individual rooms. The experiment consisted of two sessions
in order to properly assess bilinguals’ PM performance where the PM task were carried
out in their first (L1) and second (L2) language. Each experimental session lasted 90 min
each, with a week in between sessions. During the first session, participants filled out the
MELICET and the LEAP-Q questionnaire [38]. Then, they carried out the PM task while
their brain activity was recorded using an electroencephalogram (EEG). The language
of the PM task (L1 or L2) was counterbalanced across participants. During the second
session participants carried out the PM tasks in the correspondent language while EEG
was recorded.

2.3.1. Prospective Memory Task

The task consisted of three blocks of trials: baseline, focal, and non-focal. The PM task
always started with the baseline block, and then, the focal or non-focal blocks occurred
in a counterbalanced order. During the baseline block, participants only carried out the
ongoing trial. Thus, they had to press the “yes” key when a name of an animal appeared
on the screen, in any other case they were instructed to press the “no” key. Words were
selected from the English Lexicon Project [39] and were controlled for length and frequency
of use based on the English and Spanish corpus [40]. During the second and third block of
trials, beside the ongoing task, participants were also requested to carry out the prospective
intention. The cues of the prospective task were either focal or non-focal. In the focal
condition participants were instructed to press “k” or “1” if the words “ball” or “kite”
respectively appeared on the screen. Whereas in the non-focal condition participants were
instructed to press the “k” or “1” keys when the frame bordering the screen was magenta
and grey, respectively. In both conditions when the PM cues appeared, participants should
interrupt the ongoing task in order to perform the prospective task. The number of trials
within each block were 300 for the ongoing task and 30 for the PM task. Each word
appeared until response for a maximum of 2800 ms. If participant response lasted more
than 1600 ms, the following trials occurred after an inter stimuli interval (ISI) of 250 ms.
When participant response was shorter than 1600 ms a black screen appeared up to 1600 ms,
followed by the ISI. Presentation of the stimuli and recording of the responses were carried
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out on windows-based computers using E-prime 2.0 software (Psychology Software Tools,
Pittsburgh, PA, USA). Figure 1 shows the trial sequence of the PM task.

Ongoing baseline block Focal block Non-focal block
Encoding phase Encoding phase Encoding phase
Press the “yes” key when a name of an animal | | Press the “yes” key when a name of an animal | | Press the "yes" key when a name of an animal
appears and the “no” key in all other cases. appears and the "no” key in all other cases. .. appears and the "no” key in all other cases. ..
Also, remember to press a specific key when Also, remember to press the specific key
you see written ... when you see the colour frame..
CHAIR LION BALL KITE - i
press NO press YES press s pess W press Y press [l
Ongoing activity phase Ongoing activity phase Ongoing activity phase
NO
CHAIR | & | s
CHAR | & .
PM cue &
~

WOL;‘ o N
FO

BALL, 2
WOLF

PM cue

LYNX LION ¥ =

Figure 1. Representation of the PM task in each block condition (baseline, focal and non-focal). All
the blocks started with an encoding phase succeeded by the ongoing activity alone (ongoing baseline
block) or the ongoing activity with the PM intention implemented (focal and non-focal blocks). The
trial sequence in each block is signaled by the black arrow. In the focal and non-focal conditions PM
cues appeared intercalated.

2.3.2. EEG Recording and Pre-Processing

Participants’ brain activity was recorded using Neuroscan Synamps2 (El Paso, TX,
USA) by means of 40 Ag/AgCl electrodes allocated on the scalp. To record eye movements,
two pairs of bipolar electrodes were horizontally and vertically allocated. The ground
electrode was positioned in front of Fz, along the midline. The analogue EEG signal
was amplified and digitised at a sampling frequency of 1000 Hz. Electrodes’” impedances
were kept at <10 k() during recording. The EEG recording was established in an average
reference. Additionally, data processing was carried out with EEGLAB 14.1 [41] using
Matlab environment (Version 7.4.0, MathWorks, Natick, MA, USA). The EEG data had
an online bandpass filter between 0.5-1000 Hz. Detection of channels with high levels
of artefacts were identified by cautious visual inspection and interpolation method was
used with neighbouring electrodes. Placement of temporal windows were following cue
appearance when the stimuli were shown. The times for the ERP analysis include 200 ms
pre-stimulus period used as baseline correction and 1200 ms of post-stimulus activity.
Artifact correction was done using the independent component analysis toolbox (ICA) in
EEGLAB with a cut of £100 pV epoch rejection. The percentage of rejected times was
always <25% for each participant after the rejection of the artefacts.

3. Data Analyses and Results
3.1. Data Analysis
3.1.1. Behavioural Analyses

In our study, we analysed the response times and accuracy in the PM task following
the procedure of previous studies [18,42]. Thus, accuracy scores greater than three times
the interquartile range were removed from the analysis. This resulted in the removal of
one participant. Additionally, individual trials with RTs faster than 200 ms were removed
from the analyses. Therefore, the analyses were applied both on the PM and ON trials for
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each participant in each language condition (L1 and L2). Notice that only the ON trials
that appeared prior to the PM cue were selected to this analysis to avoid changes due to
attention fluctuation and to have the same number of ON and PM trials. Consequently,
for every PM trial (30 in total) the prior ON trials (30) were included in the analysis,
following a similar approach used by Lopez-Rojas et al. [18,43]. Accordingly, 2 (language:
L1, L2) x 2 (focality: focal, non-focal) repeated measures ANOVAs for the ongoing and PM
were carried out. When required, post hoc tests with Bonferroni corrections for multiple
comparisons were carried out. Accuracy and RTs means in the Ongoing and PM trials in
both language conditions (L1 vs. L2) were reported in Table 2.

Table 2. Means ACC and RTs (with standard deviation in parentheses) by type of trial and language
session in PM task.

L1 L2
Type of Trial ACC RT ACC RT

ON trials focal 0.97 (0.03) 836 (142) 0.95 (0.03) 828 (102)
ON trials non focal 0.94 (0.03) 889 (184) 0.92 (0.04) 868 (126)
PM trials focal 0.85 (0.19) 1059 (256) 0.92 (0.1) 1002 (199)
PM trials non focal 0.75 (0.14) 1069 (206) 0.78 (0.1) 1071 (189)

3.1.2. Electrophysiological Data Analysis

Given that PM components directly compare ON vs. PM waves, a 2 (language: L1,
L2) x 2 (focality: focal, non-focal) x 2 (type of trial: ON, PM) repeated measures ANOVA
was carried out. Time periods were determined based on previous PM studies [18,27,30].
Therefore, we studied the P3b component connected with working memory (WM) moni-
toring and updating during cue detection that was registered at 300-500 ms in posterior
regions [18,27] and reflects more positive amplitudes when the PM is displayed compared
to the ON trials. Furthermore, we studied the N300 component, i.e., a reduction in central-
posterior electrodes subsequent to the display of PM cue and relative to ON trials that is
related to monitoring and (PM) cue detection. The time frame selected was between 200 to
300 ms in central-posterior regions as in previous experiments [18,43]. In addition, prior to
the actual analysis, non-parametric cluster-based permutation analysis, as implemented
in the Fieldtrip Matlab toolbox software [44], was performed to identify the electrodes
for each time window that maximised the differences between the PM and ON trials. An
advantage of this procedure is that the selection of a particular region of interest (electrode
cluster) is defined in a data-driven manner and not based on the sometimes-inconsistent Re-
gions of Interests (ROIs) from previous studies or by assumptions regarding the sampling
distribution under the null hypothesis. Results of these analyses indicated that electrodes
CP3, CPZ, CP4, P3, PZ, P4, O1, OZ, and O2 yielded significant differences (p < 0.05) for
175-300 ms intervals. For the 300400 ms time window, the cluster included the electrodes
CP3, CPZ, P3, PZ, P4, 01, OZ, and O2 (p < 0.05). Hence, these electrodes correspond to the
usual posterior site of the N300 and to the parietal site of the P300.

After EEG data pre-processing data from five participants in L1 and one participant
in L2 were eliminated due to high levels of noise in the EEG signals or a high rejection of
epochs. Therefore, data was analysed with repeated measures ANOVAs of 24 participants
in total.

3.2. Behavioural Results
3.2.1. Ongoing Activity Performance

First, we analysed participants’ performance during the ongoing activity. To that end,
2 (focality: focal vs. non-focal) by 2 (language: L1 vs. L2) ANOVAs were conducted on
mean response times and proportion of correct responses.

e Response Times. The analysis yielded a statistically significant main effect of focality
condition, F(1,29) = 10.464; p < 0.05; 17%, = 0.265, showing faster response times for
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the ongoing activity in the focal condition (M = 832.158, SD = 122.252) than in the
non-focal condition (M = 878.308, SD = 154.869). However, the main effect of lan-
guage F(1,29) =0.247; p = 0.623; 17% = 0.008, and the focality by language interaction
F(1,29) = 0.240; p = 0.628; 17;27 = 0.008 did not reach significance.

e  Accuracy. The analysis showed a significant main effect of focality, F(1,29) = 87.435;
p <0.01; 17%, =0.751, indicating higher accuracy rates in the focal condition (M = 0.96,
SD =0.03) than in the non-focal condition (M = 0.93, SD = 0.04). Furthermore, there was
a significant main effect of language, F(1,29) = 14.128; p < 0.001; 17% =0.328, with more
accuracy in L1 (M = 0.956; SD = 0.031) than in L2 (M = 0.934; SD = 0.04). However, the
language by focality interaction was not significant F(1,29) = 0.867; p = 0.360; 17’2, =0.029.

In sum, analyses in the ongoing activity showed a main effect of focality in response
times and accuracies, indicating an impairment in the performance for the more attentional
demanding conditions (i.e., non-focal). Importantly, we found a main effect of language in
accuracy signalling fewer correct responses to the ongoing activity during L2 processing.

3.2.2. PM Task Performance

In order to examine PM task performance, 2 (focality: focal vs. non-focal) by 2
(language: L1 vs. L2) ANOVAs were conducted on mean proportions of correct responses
and response times.

e  Response Times. The main effects of focality, F(1,28) = 1.951 p = 0.173; 17% = 0.065,
language F(1,28) = 0.705; p = 0.408; 17%, =0.025, and the focality by language interaction
F(1,28) = 3.236; p = 0.083; 17,2, =0.104 did not reach the statistical significance.

e Accuracy. The main effect of focality reached statistical significance F(1,28) = 31.080;
p <0.01; 17;27 = 0.526, indicating greater accuracy in the focal (M = 0.884, SD = 0.149)
than in the non-focal condition (M = 0.763, SD = 0.119). However, the main effect of
language F(1,28) = 2.207; p = 0.149; 17% =0.073 and the focality by language interaction
were not significant F(1,28) = 0.833; p = 0.083; 17;27 =0.104.

In sum, PM performance was not modulated by language condition. However, we
found differences in accuracy between monitoring conditions with greater accuracy in the
less demanding (i.e., focal) condition.

3.3. Electrophysiological Results

For each ERP component (P3b and N300), mean amplitudes across electrodes and
conditions were averaged and adhered to a 2 (language) x 2 (focality) x 2 (type of trial)
within measures ANOVA. Figure 2 shows the P3b and N300 components in function of
language (L1 vs. L2) in the focal and non-focal condition in the PM and ON trials.

3.3.1. Electrophysiological Results: P3b

Although the main effects of focality F(1,23) = 0.007; p = 0.935; 17%7 =0.000, and language
F(1,23) =0.123; p = 0.729; ;7% = 0.005 did not reach statistical significance, the main effect
of type of trial F(1,23) = 4.519; p = 0.044; 17’2, = 0.164 was significant, indicating greater
positive amplitude in PM trials (M = 0.555; SD = 1.03) compared to ON trials (M = 0.321;
SD = 1.18). Interestingly, the focality by type of trial interaction reached statistical sig-
nificance F(1,23) = 8.179; p = 0.009; 17% = 0.262, indicating that there were no significant
differences between ON (M = 0.465; SD = 1.39) and PM trials (M = 0.423; SD = 1.16)
(t(24) = 0.303, p = 0.764, d = 0.03) in the focal condition. However, in the non-focal condition
the differences between type of trials reached significance (ON: M = 0.177; SD = 0.97; PM:
M =0.686; SD = 0.91; t(24) = —3.305, p < 0.05, d = —2.03). Thus, the standard P3b appeared
in the non-focal condition but not in the focal condition. Additionally, the focality by
language interaction F(1,23) = 4.518; p = 0.044; 17% = 0.164 revealed that the focality effect
associated to P3b appeared in L1 #(24) = —1.910, p = 0.068, d = —0.34 (i.e., greater positivity
in non-focal M = 0.593; SD = 0.777 than in the focal condition M = 0.278; SD = 1.109) but
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P3b

N300

it was not evident in L2 (focal, M = 0.742; SD = 1.350; non-focal M = 0.350; SD = 0.745)
t(28) = 1.623, p = 0.116, d = 0.33. Nevertheless, the interactions of language by type of trial
F(1,23) =0.195; p = 0.663; 17% = 0.008, focality by language by type of trial F(1,23) = 0.249;
p =0.623; 17}27 = 0.011 were not significant.

LI || L2 | —==- ONFocd

- PM Focal
65 ~ = — - ON Non-focal
= PM Non-focal

S —Um— s = T == T = r
<00 S0~ - 800 _— -5 200 00 20 —l

Figure 2. Grand-averaged event-related potentials (ERPs) at occipital-parietal electrodes indicating
P3b and N300 components in function of language (L1 vs. L2) in the focal and non-focal condition of
the ON and PM trials.

In sum, the P3b component (higher amplitudes in the PM when compared to the ON)
appeared in the non-focal condition, where more involvement of monitoring processes
were expected. Interestingly, the differences between monitoring conditions disappeared
when the task was performed in L2, suggesting a general impairment in the available
cognitive resources to face the task during second language processing.

3.3.2. Electrophysiological Results: N300

The main effect of focality was significant F(1,23) = 10.282; p = 0.004; 11% = 0.309 with
more negative amplitudes in the non-focal condition (M = 1.088; SD = 1.51) compared to
the focal condition (M = 1.66; SD = 2.02). This indicated greater engagement of monitoring
processes to detect the non-focal PM cue. None of the remaining main effects or inter-
actions reached statistical significance (type of trial F(1,23) = 1.900; p = 0.181; 17127 = 0.076;
language condition F(1,23) = 0.002; p = 0.967; 17%, = 0.000; focality by type of trial interac-
tion F(1,23) = 1.214; p = 0.282; 17;2, = 0.050; focality by language F(1,23) = 2.400; p = 0.135;
115 = 0.094; type of trial by language F(1,23) = 0.092; p = 0.765; ; = 0.004; focality by type of
trial by language F(1,23) = 0.164; p = 0.689; 11;2, = 0.007).
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The N300 analyses indicated a lack of differences between ON and PM trial processing,
suggesting the same engagement of detection processes for both types of trials. However,
we found that the N300 was modulated by the monitoring condition. We will go back to
this result in the next section.

4. Discussion

In the current study, we aimed to shed light on the impact of bilingualism over the
recall of future intentions. Particularly, we focused on examining behavioural and neural
correlates associated to focal and non-focal PM tasks when they were performed in the
first or second language of bilingual’s participants. Thus, bilingual participants completed
a PM task that varied in its monitoring (focal and non-focal conditions) and language
requirements (i.e., L1 and L2). During the task, participants’ brain activity (EEG) was
recorded to be able to identify the prospective processes that may be affected by the
language used in the PM task.

Behavioural data from the ongoing task clearly yielded significant differences between
focality conditions, showing faster response times and higher accuracy rates for the ongoing
activity (ON) in the focal condition compared to the non-focal condition. This better
performance for the focal condition when compared to the non-focal condition was also
observed for the PM task with a significant effect in accuracy. This pattern of results is in
agreement with the Multiprocess Framework for Prospective Memory [15] in suggesting
that “spontaneous recovery” of the PM intention is more likely to occur when focal cues
are presented, resulting, thus, in higher accuracy and faster RTs for focal than non-focal
cues, which usually require monitoring processes (i.e., the so-called focality effect; [14,30]).
Thus, our results support previous findings in the field, which observed focality effects in
different populations [34,43].

Most importantly, participants reached lower accuracy rates in the L2 condition than
in the L1 when performing the ongoing task. This pattern of results supports previous
findings exploring the impact of the bilingual experience over a PM task [18]. Specifically,
the impairment in performance when the ongoing activity was in the participants’ less
dominant language is consistent with previous findings by Lopez-Rojas et al. [23] that
found lower ongoing performance in bilinguals that worked in their L2. Similar to the
present study, this impairment was independent of the monitoring demands of the task.
Altogether, these results indicated that the processing of a second language requires the
engagement of cognitive resources [24] and, as a result, fewer resources may be available
to prospective processing during the ongoing task. Interestingly, this pattern of data is
in agreement with a vast body of literature on L2 reading comprehension which showed
lower performance when reading in a foreign language (for a revision see Melby-Lervag &
Lervag [45]). Similarly, Pérez et al. [24] found an impairment in the high cognitive processes
engaged during inferential text revision in L2. Therefore, this study adds new evidence on
the impact of second language processing during a memory task.

Nevertheless, performance in the PM task (detection of the cue and execution of the
intention) was not influenced by language and showed similar focality effects for L2 and
L1, aresult that differed from Lopez-Rojas et al. [20] where stronger focality effects were
found in L2 than in L1. This different pattern of results in the PM task can be due to the
higher linguistic demands in Lopez-Rojas et al. [20], where the PM cues were embedded in
a highly demanding sentence comprehension task, when compared to the current study,
where the PM consisted in identifying a frame colour or a given word. Hence, we suggest
that future research might design more linguistically complex PM tasks to measure the
fine-grained behavioural effects of recalling a future intention in L2.

Interestingly, the impairment of prospective processing during second language pro-
cessing were indicated by the ERP analysis. First, an analysis of the P3b evidenced a main
effect of type of trial, showing greater positive amplitude in the PM trials compared to
the ongoing trials. This finding is in line with the results observed in the behavioural
data, namely PM trials engaged monitoring processes related to cue detection. In addition,
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we observed focality effects in the non-focal condition that were not evident in the focal
condition. These patterns of results suggest that WM and context updating may be more
strongly involved when the nature of the ON cue elicits monitoring and not spontaneous
retrieval as is the case of non-focal cues [27,30]. This pattern is consistent with previous
results in Lopez-Rojas et al., [18] where, in the more difficult non-focal condition, early
bilinguals showed larger differences between ON and PM trials compared to late bilinguals
and monolinguals, whereas these differences were not present in the focal condition. Thus,
they suggested that early bilinguals engaged in monitoring processes related to prospective
processing to adapt to the task’s demands. Therefore, our results suggest that PM can be
modulated depending on the bilingual experience. In consequence, these data are consistent
with results from previous studies indicating that bilingual experience shapes our brains
and modulate cognitive processes such as monitoring or switching (see Antoniou [46]).

Most importantly, in the current study the interaction focality by language yielded
significant results showing that the focality effect associated to P3b appears in L1, with
greater positivity in the non-focal condition, compared to the focal condition. However,
in L2, these differences between focal and non-focal were not significant. These patterns
of results suggest that while bilinguals successfully modulated their strategies to adjust
to the task’s demands in L1, this is not possible in the L2 probably due to the higher
cognitive load in the second language. Therefore, consistent with Lopez-Rojas et al. [18],
in L1 participants successfully engaged in updating and monitoring processes with the
aim to adjust their strategies to the demands of the task in the more demanding non-focal
condition. By contrast, when immersed in L2, the higher attentional load might possibly
impair the monitoring processes required for prospective remembering. These results are
in line with previous results indicating that an enhancement in conflict resolution when
the task was performed in a bilingual context was related to a reduction in the P3b [47]. In
summary, the present pattern of data suggests that L2 processing reduced the participants’
capacity to adjust their PM strategies to the demands of the task so that the differences
between focal and non-focal conditions were no-longer present.

However, results for the N300 were puzzling. Although the typical focality effect was
evidenced by the data and non-focal cues produced more negative amplitudes than focal
cues (the usual effect of type of trial (ON vs. PM)), the effect of language or their interactions
were not significant. The lack of differences between PM and ON trials is surprising since
the N300 component is characterized by a negative deflection triggered by the PM trials in
comparison to the ON trials [19], signaling the engagement of prospective processes during
PM cue detection. Notice, however, that the N300 has not always been detected in some
PM studies [19,48-50], which points to the elusive nature of this component.

The fact that we found a significant focality effect independently of the type of trial
suggests that the component captured by our analysis in the time window from 200
to 300 ms might be better characterized as an N200 (for a characterization see Patel &
Azzam [51]) than as an N300. Several studies have explored the role of N200 in different
memory tasks [52,53]. Specifically, in PM tasks this component reflects more negative
amplitudes over posterior regions around 200-350 ms [54] in conditions where the ongoing
trial is concurrent with a PM intention when compared to baseline conditions where the
ongoing trials are not accompanied by the PM intention [55,56]. The interpretation of
this effect as an N200 component would be consistent with our current pattern of data: a
focality effect with greater negativity in the non-focal condition where extra monitoring
is required to detect the PM cue and absence of differences between ON and PM trials.
Moreover, the N200 has been characterized as a neural correlate of monitoring during
visual detection [52] with more negative amplitudes with perceptual cues [56]. Thereby;, it
might be possible that our pattern of results indicated greater engagement of monitoring
processes during the non-focal condition due to the perceptual nature of the PM cue and the
need of checking the colour frame to detect the PM trials. Thus, although this interpretation
needs further research, both the more perceptual nature of the PM cue and the higher
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monitoring demands in the non-focal condition support the presence of a more negative
N200 component in this condition when compared to the focal condition.

In sum, the present study supports previous findings in the field about the role of bilin-
gual experience and linguistic contexts on the processes that underlie PM performance [20].
Hereby, we showed the impact of language processing on an ability such as prospective
processing. PM plays a fundamental role in daily activities, and failures may result in
dramatic consequences (i.e., forgetting to turn off the oven). Hence, studies exploring
whether and how the cognitive mechanisms underlying PM can be modulated by the use
of different languages are critical. Our findings highlight the importance of the linguistic
context where we encode and recall future intentions, signalling possible impairments
in PM when the task involves L2 processing. Behavioural and ERP data support this
suggestion with worse performance in L2 ongoing activity and the absence of focality
effects in P3b during L2 processing. To the best of our knowledge, this study is the first to
examine the neural correlates associated to PM tasks during first and second language pro-
cessing. Future research should explore the impact of language processing during a more
linguistically complex PM task that resembles the rich linguistic context in which bilinguals
are immersed in their daily activities (e.g., a text comprehension task). In addition, future
studies should explore the role of the linguistic context during the encoding and recall of
future intentions, and how language-incongruent encoding and recall of PM intentions
can modulate performance. Finally, it is important to remark on the applied relevance of
this study in the educational field or in the professional area, especially if we think about
bilingual environments where bilingual people encode and execute future intentions in
their second language. Given this, future studies should deepen in the relationship between
linguistic context and memory processes.

5. Conclusions

This study highlights the importance of working in a first or second language during
the retrieval of future intentions (PM task). Interestingly, we found distinct impacts of
language over the ongoing and PM activity, suggesting that L2 processing produce a general
impairment in performing PM tasks. Our behavioural and neural (P3b) results suggest
that processing a second language could impose a load on the available cognitive resources
and, as a result, fewer resources remain available to face the main activity. Altogether, this
experiment raises interesting conclusions about the role of language processing in daily
activities, such as the recall of future intentions, and opens up new venues for inquiry.

Author Contributions: C.L.-R., A M. and M.T.B. conceived and designed the experiments; C.L.-R.
performed the experiments and analysed the data; C.L.-R. and A.C. wrote the original draft; M.T.B.
and A.M. reviewed and edited the paper. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was supported by the doctoral research grant FPU17/03378 from the Spanish
Ministry of Education and Vocational Training to C.L.R.; by grants from the Spanish Ministry of
Economy and Competitiveness to A.M. (PSI 2017-89324-C2-2-P /PID2021-127728NB-100) and to M.T.B.
(PGC2018-093786-B-100 30B51801 /PID2021-127728NB-100); from Junta de Andalucia (A-CTS-111-
UGR18/B-CTS-384-UGR20/P20_00107) to M.T.B.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of University of Granada (84/CEIH/2015; 7
October 2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon request.

Acknowledgments: We would like to thank all the participants who participated in this study.



Brain Sci. 2023, 13, 365 13 of 14

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1.  Holmes, K.J.; Wolff, P. Simulation from Schematics: Dorsal Stream Processing and the Perception of Implied Motion. Proc. Annu.
Meet. Cogn. Sci. Soc. 2010, 32, 2704-2709.

2. Thierry, G. Neurolinguistic Relativity: How Language Flexes Human Perception and Cognition. Lang. Learn. 2016, 66, 690-713.
[CrossRef] [PubMed]

3. Davies, I.R.L.; Corbett, G.G. A Cross-Cultural Study of Colour Grouping: Evidence for Weak Linguistic Relativity. Br. J. Psychol.
1997, 88, 493-517. [CrossRef] [PubMed]

4. He, H.; Li, J.; Xiao, Q.; Jiang, S.; Yang, Y.; Zhi, S. Language and Color Perception: Evidence From Mongolian and Chinese Speakers.
Front. Psychol. 2019, 10, 551. [CrossRef]

5. Bobb, S.C.; Von Holzen, K.; Mayor, J.; Mani, N.; Carreiras, M. Co-Activation of the L2 during L1 Auditory Processing: An ERP
Cross-Modal Priming Study. Brain Lang. 2020, 203, 104739. [CrossRef]

6. Injesta, A.; Paolieri, D.; Serrano, F.; Bajo, M.T. Bilingual Writing Coactivation: Lexical and Sublexical Processing in a Word
Dictation Task. Biling. Lang. Cogn. 2021, 24, 902-917. [CrossRef]

7.  Blumenfeld, HK.; Marian, V. Parallel Language Activation and Cognitive Control during Spoken Word Recognition in Bilinguals.
J. Cogn. Psychol. 2013, 25, 547-567. [CrossRef]

8.  Athanasopoulos, P. Cognitive Representation of Colour in Bilinguals: The Case of Greek Blues. Biling. Lang. Cogn. 2009, 12,
83-95. [CrossRef]

9.  Chabal, S.; Marian, V. Speakers of Different Languages Process the Visual World Differently. J. Exp. Psychol. Gen. 2015, 144,
539-550. [CrossRef]

10.  Chen, P.; Chung-Fat-Yim, A.; Marian, V. Cultural Experience Influences Multisensory Emotion Perception in Bilinguals. Languages
2022, 7, 12. [CrossRef]

11.  Marian, V.; Bartolotti, J.; van den Berg, A.; Hayakawa, S. Costs and Benefits of Native Language Similarity for Non-Native Word
Learning. Front. Psychol. 2021, 12, 651506. [CrossRef]

12. Smith, REE.; Hunt, R R.; McVay, ].C.; McConnell, M.D. The Cost of Event-Based Prospective Memory: Salient Target Events. J. Exp.
Psychol. Learn. Mem. Cogn. 2007, 33, 734-746. [CrossRef]

13. Bisiacchi, PS.; Schiff, S.; Ciccola, A.; Kliegel, M. The Role of Dual-Task and Task-Switch in Prospective Memory: Behavioural Data
and Neural Correlates. Neuropsychologia 2009, 47, 1362-1373. [CrossRef]

14. Scullin, M.K.; Mullet, H.G.; Einstein, G.O.; McDaniel, M. A. Prospective Memory. In International Encyclopedia of the Social &
Behavioral Sciences, 2nd ed.; Elsevier: Amsterdam, The Netherlands, 2015. [CrossRef]

15. McDaniel, M. A ; Einstein, G.O. Strategic and Automatic Processes in Prospective Memory Retrieval: A Multiprocess Framework.
Appl. Cogn. Psychol. 2000, 14, S127-S144. [CrossRef]

16. Einstein, G.O.; McDaniel, M.A.; Thomas, R.; Mayfield, S.; Shank, H.; Morrisette, N.; Breneiser, J. Multiple Processes in Prospective
Memory Retrieval: Factors Determining Monitoring Versus Spontaneous Retrieval. |. Exp. Psychol. Gen. 2005, 134, 327-342. [CrossRef]

17.  Kaan, E.; Kheder, S.; Kreidler, A.; Tomi¢, A.; Valdés Kroff, ].R. Processing Code-Switches in the Presence of Others: An ERP Study.
Front. Psychol. 2020, 11, 1288. [CrossRef]

18. Lopez-Rojas, C.; Rossi, E.; Marful, A.; Bajo, M.T. Prospective Memory in Bilinguals and Monolinguals: ERP and Behavioural
Correlates of Prospective Processing in Bilinguals. Brain Lang. 2022, 225, 105059. [CrossRef]

19.  West, R. The Temporal Dynamics of Prospective Memory: A Review of the ERP and Prospective Memory Literature. Neuropsy-
chologia 2011, 49, 2233-2245. [CrossRef]

20. Loépez-Rojas, C.; Marful, A.; Pérez, A.L; Bajo, M.T. Prospective memory in bilinguals: Recalling future intentions in first and
second language contexts. Biling. Lang. Cogn. 2023, 1-16. [CrossRef]

21. Hayakawa, S.; Costa, A.; Foucart, A.; Keysar, B. Using a Foreign Language Changes Our Choices. Trends Cogn. Sci. 2016, 20,
791-793. [CrossRef]

22. Morales, J.; Gomez-Ariza, C.J.; Bajo, M.T. Dual Mechanisms of Cognitive Control in Bilinguals and Monolinguals. J. Cogn. Psychol.
2013, 25, 531-546. [CrossRef]

23. Morales, J.; Yudes, C.; Gomez-Ariza, C.J.; Bajo, M.T. Bilingualism Modulates Dual Mechanisms of Cognitive Control: Evidence
from ERPs. Neuropsychologia 2015, 66, 157-169. [CrossRef]

24. Pérez, A.; Dunabeitia, J.A. Speech Perception in Bilingual Contexts: Neuropsychological Impact of Mixing Languages at the
Inter-Sentential Level. J. Neurolinguistics 2019, 51, 258-267. [CrossRef]

25. Kliegel, M.; Jager, T.; Phillips, L.H. Adult Age Differences in Event-Based Prospective Memory: A Meta-Analysis on the Role of
Focal versus Nonfocal Cues. Psychol. Aging 2008, 23, 203-208. [CrossRef]

26. Polich, J. Updating P300: An Integrative Theory of P3a and P3b. Clin. Neurophysiol. 2007, 118, 2128-2148. [CrossRef]

27. West, R,; Wymbs, N.; Jakubek, K.; Herndon, R.W. Effects of Intention Load and Background Context on Prospective Remembering:
An Event-Related Brain Potential Study. Psychophysiology 2003, 40, 260-276. [CrossRef]

28.  West, R. The Influence of Strategic Monitoring on the Neural Correlates of Prospective Memory. Merm. Cogn. 2007, 35, 1034-1046. [CrossRef]


http://doi.org/10.1111/lang.12186
http://www.ncbi.nlm.nih.gov/pubmed/27642191
http://doi.org/10.1111/j.2044-8295.1997.tb02653.x
http://www.ncbi.nlm.nih.gov/pubmed/9290238
http://doi.org/10.3389/fpsyg.2019.00551
http://doi.org/10.1016/j.bandl.2019.104739
http://doi.org/10.1017/S1366728921000274
http://doi.org/10.1080/20445911.2013.812093
http://doi.org/10.1017/S136672890800388X
http://doi.org/10.1037/xge0000075
http://doi.org/10.3390/languages7010012
http://doi.org/10.3389/fpsyg.2021.651506
http://doi.org/10.1037/0278-7393.33.4.734
http://doi.org/10.1016/j.neuropsychologia.2009.01.034
http://doi.org/10.1016/B978-0-08-097086-8.51055-1
http://doi.org/10.1002/acp.775
http://doi.org/10.1037/0096-3445.134.3.327
http://doi.org/10.3389/fpsyg.2020.01288
http://doi.org/10.1016/j.bandl.2021.105059
http://doi.org/10.1016/j.neuropsychologia.2010.12.028
http://doi.org/10.1017/S136672892300010X
http://doi.org/10.1016/j.tics.2016.08.004
http://doi.org/10.1080/20445911.2013.807812
http://doi.org/10.1016/j.neuropsychologia.2014.11.014
http://doi.org/10.1016/j.jneuroling.2019.04.002
http://doi.org/10.1037/0882-7974.23.1.203
http://doi.org/10.1016/j.clinph.2007.04.019
http://doi.org/10.1111/1469-8986.00028
http://doi.org/10.3758/BF03193476

Brain Sci. 2023, 13, 365 14 of 14

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.
47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Zhang, J.; Xue, T.; Zhang, Z. Salient Cues Facilitate Automatic Processes in Prospective Memory. Neuroreport 2021, 32,
864-868. [CrossRef]

Cona, G.; Bisiacchi, P.S.; Moscovitch, M. The Effects of Focal and Nonfocal Cues on the Neural Correlates of Prospective Memory:
Insights From ERPs. Cereb. Cortex 2014, 24, 2630-2646. [CrossRef]

Meier, B.; Zimmermann, T.D. Loads and Loads and Loads: The Influence of Prospective Load, Retrospective Load, and Ongoing
Task Load in Prospective Memory. Front. Hum. Neurosci. 2015, 9, 322. [CrossRef]

Horiba, Y.; Fukaya, K. Reading and learning from L2 text: Effects of reading goal, topic familiarity, and language proficiency.
Read. A Foreign Lang. 2015, 27, 22-46.

Hunter Ball, B.; Bugg, ].M. Context Cue Focality Influences Strategic Prospective Memory Monitoring. Psychon. Bull. Rev. 2018,
25,1405-1415. [CrossRef] [PubMed]

Cejudo, A.B.; Gémez-Ariza, C.J.; Bajo, M.T. The Cost of Prospective Memory in Children: The Role of Cue Focality. Front. Psychol.
2019, 9, 2738. [CrossRef] [PubMed]

Wang, L.; Altgassen, M.; Liu, W.; Xiong, W.; Akgtin, C.; Kliegel, M. Prospective Memory across Adolescence: The Effects of Age
and Cue Focality. Dev. Psychol. 2011, 47, 226-232. [CrossRef] [PubMed]

McDaniel, M.A.; Umanath, S.; Einstein, G.O.; Waldum, E.R. Dual Pathways to Prospective Remembering. Front. Hum. Neurosci.
2015, 9, 286-290. [CrossRef] [PubMed]

PANGEA: Power Analysis for General Anova Designs. Available online: https://jakewestfall.shinyapps.io/pangea/ (accessed on
23 January 2023).

Marian, V.; Blumenfeld, H.K.; Kaushanskaya, M. The Language Experience and Proficiency Questionnaire (LEAP-Q): Assessing
Language Profiles in Bilinguals and Multilinguals. J. Speech Lang. Hear. Res. 2007, 50, 940-967. [CrossRef]

Balota, D.A.; Yap, M.].; Hutchison, K.A.; Cortese, M.].; Kessler, B.; Loftis, B.; Neely, ]. H.; Nelson, D.L.; Simpson, G.B.; Treiman, R.
The English Lexicon Project. Behav. Res. Methods 2007, 39, 445-459. [CrossRef]

Guasch, M.; Boada, R.; Ferré, P.; Sanchez-Casas, R. NIM: A Web-Based Swiss Army Knife to Select Stimuli for Psycholinguistic
Studies. Behav. Res. 2013, 45, 765-771. [CrossRef]

Delorme, A.; Makeig, S. EEGLAB: An Open Source Toolbox for Analysis of Single-Trial EEG Dynamics Including Independent
Component Analysis. |. Neurosci. Methods 2004, 134, 9-21. [CrossRef]

Czernochowski, D.; Horn, S.; Bayen, U.J. Does Frequency Matter? ERP and Behavioral Correlates of Monitoring for Rare and
Frequent Prospective Memory Targets. Neuropsychologia 2012, 50, 67-76. [CrossRef]

Cejudo, A.B.; Lopez-Rojas, C.; Gomez-Ariza, C.J.; Bajo, M.T. ERP Correlates of Prospective Memory and Cue Focality in Children.
Brain Sci. 2022, 12, 533. [CrossRef]

Oostenveld, R.; Fries, P.; Maris, E.; Schoffelen, ].-M. FieldTrip: Open Source Software for Advanced Analysis of MEG, EEG, and
Invasive Electrophysiological Data. Comput. Intell. Neurosci. 2010, 2011, 156869. [CrossRef]

Melby-Lervag, M.; Lervdg, A. Reading Comprehension and its Underlying Components in Second-language learners: A
meta-analysis of studies comparing first-and second-language learners. Psychol. Bull. 2014, 140, 409-433. [CrossRef]

Antoniou, M. The Advantages of Bilingualism Debate. Annu. Rev. Linguist. 2019, 5, 395-415. [CrossRef]

Wu, YJ.; Thierry, G. Fast Modulation of Executive Function by Language Context in Bilinguals. . Neurosci. 2013, 33, 13533-13537.
[CrossRef] [PubMed]

West, R.; McNerney, M.W.,; Travers, S. Gone but Not Forgotten: The Effects of Cancelled Intentions on the Neural Correlates of
Prospective Memory. Int. ]. Psychophysiol. 2007, 64, 215-225. [CrossRef]

Wang, Y.; Cao, X.; Cui, J.; Shum, D.HK.; Chan, R.C.K. The Relation between Prospective Memory and Working Memory: Evidence
from Event-Related Potential Data. PsyCh. J. 2013, 2, 113-121. [CrossRef] [PubMed]

Wilson, J.; Cutmore, T.R.H.; Wang, Y.; Chan, R.C.K.; Shum, D.H.K. Effects of Cue Frequency and Repetition on Prospective
Memory: An ERP Investigation. Int. J. Psychophysiol. 2013, 90, 250-257. [CrossRef] [PubMed]

Patel, S.H.; Azzam, P.N. Characterization of N200 and P300: Selected Studies of the Event-Related Potential. Int. ]. Med. Sci. 2005,
2,147-154. [CrossRef]

Morrison, C.; Kamal, F; Taler, V. The Influence of Bilingualism on Working Memory Event-Related Potentials. Biling. Lang. Cogn.
2019, 22, 191-199. [CrossRef]

Hockey, A.; Cutmore, T. Inhibitory Control in Prospective Memory: An Event Related Potential Comparison of Task-Switch and
Dual Task Processing. Neuropsychologia 2021, 158, 107906. [CrossRef]

Folstein, J.R.; Van Petten, C. Influence of Cognitive Control and Mismatch on the N2 Component of the ERP: A Review.
Psychophysiology 2008, 45, 152-170. [CrossRef] [PubMed]

Cousens, R.; Cutmore, T.; Wang, Y.; Wilson, J.; Chan, R.C.K.; Shum, D.H.K. Effects of Perceptual and Semantic Cues on ERP
Modulations Associated with Prospective Memory. Int. |. Psychophysiol. 2015, 98, 151-156. [CrossRef] [PubMed]

Cruz, G.; Miyakoshi, M.; Makeig, S.; Kilborn, K.; Evans, J. ERPs and Their Brain Sources in Perceptual and Conceptual Prospective
Memory Tasks: Commonalities and Differences between the Two Tasks. Neuropsychologia 2016, 91, 173-185. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1097/WNR.0000000000001668
http://doi.org/10.1093/cercor/bht116
http://doi.org/10.3389/fnhum.2015.00322
http://doi.org/10.3758/s13423-018-1442-9
http://www.ncbi.nlm.nih.gov/pubmed/29435962
http://doi.org/10.3389/fpsyg.2018.02738
http://www.ncbi.nlm.nih.gov/pubmed/30687189
http://doi.org/10.1037/a0021306
http://www.ncbi.nlm.nih.gov/pubmed/21244161
http://doi.org/10.3389/fnhum.2015.00392
http://www.ncbi.nlm.nih.gov/pubmed/26236213
https://jakewestfall.shinyapps.io/pangea/
http://doi.org/10.1044/1092-4388(2007/067)
http://doi.org/10.3758/BF03193014
http://doi.org/10.3758/s13428-012-0296-8
http://doi.org/10.1016/j.jneumeth.2003.10.009
http://doi.org/10.1016/j.neuropsychologia.2011.10.023
http://doi.org/10.3390/brainsci12050533
http://doi.org/10.1155/2011/156869
http://doi.org/10.1037/a0033890
http://doi.org/10.1146/annurev-linguistics-011718-011820
http://doi.org/10.1523/JNEUROSCI.4760-12.2013
http://www.ncbi.nlm.nih.gov/pubmed/23946411
http://doi.org/10.1016/j.ijpsycho.2006.09.004
http://doi.org/10.1002/pchj.24
http://www.ncbi.nlm.nih.gov/pubmed/26271181
http://doi.org/10.1016/j.ijpsycho.2013.08.003
http://www.ncbi.nlm.nih.gov/pubmed/23954303
http://doi.org/10.7150/ijms.2.147
http://doi.org/10.1017/S1366728918000391
http://doi.org/10.1016/j.neuropsychologia.2021.107906
http://doi.org/10.1111/j.1469-8986.2007.00602.x
http://www.ncbi.nlm.nih.gov/pubmed/17850238
http://doi.org/10.1016/j.ijpsycho.2015.07.012
http://www.ncbi.nlm.nih.gov/pubmed/26220219
http://doi.org/10.1016/j.neuropsychologia.2016.08.005
http://www.ncbi.nlm.nih.gov/pubmed/27520471

	Introduction 
	Materials and Methods 
	Participants 
	Design 
	Procedure and Materials 
	Prospective Memory Task 
	EEG Recording and Pre-Processing 


	Data Analyses and Results 
	Data Analysis 
	Behavioural Analyses 
	Electrophysiological Data Analysis 

	Behavioural Results 
	Ongoing Activity Performance 
	PM Task Performance 

	Electrophysiological Results 
	Electrophysiological Results: P3b 
	Electrophysiological Results: N300 


	Discussion 
	Conclusions 
	References

