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Abstract

The existence of a bilingual advantage (BA) in cognitive functioning is thought to stem
from the increased practice of inhibiting one language while speaking and
comprehending another. In recent years, controversy has risen over whether increased
working memory skills may be resulting from bilingualism in particular. The current
study aimed to address two limitations implemented in previous studies: testing bilingual
participants on verbal working memory tasks in their second language, and failing to take
factors such as frequency of language usage and code-switching (i.e., the ability to switch
between two or more language in a single conversation) into consideration. Two groups
of bilingual participants were implemented: those who spoke English as a first language
and displayed a low frequency of second-language usage, and those who spoke English
as a second language and displayed a higher frequency of second-language usage. While
comparing these groups to monolingual controls, it was concluded that the verbal
requirements associated with verbal working memory tasks may have been possibly
“hiding” evidence for a bilingual advantage in those tested in their second language. In
contrast, evidence for a bilingual advantage was found for the group tested in their first
language. This effect was not observed while comparing groups on a nonverbal working
memory task, suggesting that this type of task may more accurately represent the

bilingual advantage in various groups of bilinguals.



CHAPTER 1: INTRODUCTION

Bilingualism (the ability to speak two or more languages fluently) is a skill that
may come with a variety of cognitive advantages. The idea that bilingualism enhances
cognitive functions has been coined the bilingual advantage (BA) hypothesis (Bialystok,
2017). Specifically, this hypothesis states that bilingualism may enhance executive
function and working memory abilities (Bialystok, 2017). Executive functions include the
skills of inhibiting salient responses and shifting between tasks, while working memory
involves the ability to manipulate information stored in short-term memory (Miyake &
Friedman, 2012). These enhanced abilities are hypothesized to stem from a bilingual’s
ability to inhibit a proficient language while speaking, comprehending, and listening to
another proficient language (Anton et al., 2019). According to Anton et al. (2019), the
two languages that a bilingual speaks are always active, increasing the cognitive demands
placed on the brain. When a person speaks or listens to one of their two languages, they
must be ready to give more attention to the target language and essentially inhibit the
other proficient language to allow for full concentration on the target language (Anton et
al., 2019). Furthermore, Kroll and Bialystok (2013) state that both languages are
temporally activated in parallel while listening to language, and it may take several
seconds to inhibit the non-target language. The initial presence of the nontarget language
can distract and affect performance in the target language, leading to increased and more
difficult concentration to inhibit one language (Zirnstein et al., 2018). These findings may
directly coincide with enhanced executive functioning skills due to the increased

frequency of inhibiting a nontarget language and switching between proficient languages



(Bialystok, 2017). However, increased usage of two or more languages may involve
higher forms of manipulation rather than simple inhibition (Bialystok, 2017). For
example, an English-French bilingual who must reply to someone with the word “apple”
in French must first manipulate the word “apple” to “pomme” (because French is a less
proficient language), before physically replying with the word “pomme”. Therefore,
while increased executive function skills may be initially present, these enhanced skills
may be more accurately reflecting active manipulation of words and sentences (which
accompany working memory in particular). Overall, learning a second language may
allow bilinguals to “exercise” these skills more frequently than monolinguals, displaying

the enhancement that accompanies frequency of usage.

Controversial Evidence of a Bilingual Advantage

Although it is theorized that bilingualism enhances cognitive function abilities,
controversy over a bilingual advantage still remains. Specifically, a number of studies
claim that monolinguals can perform similarly to bilinguals on executive function and
working memory tasks (Anton et al., 2019; Lukasik et al., 2018; Martinez & Singleton,
2009; Von Bastian et al., 2016). The study conducted by Anton et al. (2019) examined
the differences in executive function abilities between bilinguals and monolinguals using
the Simon, Flanker, and Stroop tasks. These tasks were utilized to examine selective
attention skills, reaction time, and processing speed. The incongruent conditions of all
three tasks measured inhibition of a more salient response, directly coinciding with
executive function abilities. For example, while the congruent condition of the Simon
task involved pressing the left key on a keyboard when a black circle appeared in the left

section of a computer screen, the incongruent condition involved pressing the left key



when the circle appeared on the right side of the computer screen (i.e., the participants
were required to inhibit the urge to press the right key). The Flanker task included a
similar notion involving arrows (e.g., the incongruent condition included an arrow facing
in the opposite direction than the rest), and the Stroop task included a similar method as
well (e.g., requiring the participants to verbally state the word “yellow” when the word
“red” appeared in yellow letters). It was reported that both the bilingual and monolingual
groups performed worse in the incongruent conditions of these tasks, which is the
expected pattern for participants (Anton et al., 2019). Given that the incongruent
conditions are implemented to require greater inhibition and increased difficultly, the
expected result is slower response times and lower accuracy. Furthermore, the bilingual
group did not appear to perform significantly better than the monolinguals during the
incongruent trials, which would have been the key factor in displaying a bilingual
advantage (Anton et al., 2019). Therefore, it was concluded that a bilingual advantage did
not appear to be present for these particular tasks. Anton et al. (2019) also later examined
working memory using the same two groups, confirming similar findings that suggest a
bilingual advantage may not be present for either type of cognitive functioning. However,
Anton et al. (2019) failed to assess socioeconomic status (SES) factors, which may have
influenced performance in both the bilingual and monolingual participants. According to
Mezzacappa (2004), participants who display greater SES may possess greater executive
function and working memory abilities. Therefore, taking these factors into account could

further determine if these enhanced skills may be reflecting bilingualism in particular.

Many studies examining the bilingual advantage in cognitive functioning also

typically rely more on measuring executive functions rather than working memory



(Calvo & Bialystok, 2014; Kroll & Bialystok, 2013; Paap & Greenberg, 2013). While
executive functions and working memory are highly related, few studies examine either
both cognitive functions or working memory alone (Grundy & Timmer, 2017).
Furthermore, it is hypothesized that working memory skills are highly affected by
training (Grundy & Timmer, 2017). In other words, constantly using working memory
(through parallel activation of more than one language) can further enhance working
memory skills over time (Grundy & Timmer, 2017). This effect of training has led some
researchers to believe that the bilingual advantage may actually be reflecting working
memory skills rather than executive functions (Anton et al., 2019; Grundy & Timmer,
2017). Therefore, examining the bilingual advantage using only executive function tasks

may be hindering possible evidence.

Differences in Verbal and Nonverbal Working Memory

Of the few studies examining working memory tasks among bilinguals, a
considerable number of them have failed to produce significant results (Anton et al.,
2019; Bonifacci et al., 2011; Lukasik et al., 2018). An important factor to note about
these studies is that they all examined the bilingual advantage only in verbal working
memory tasks. Two recent studies claim that implementing verbal working memory tasks
may fail to provide a bilingual advantage due to the linguistic nature of the tasks (Calvo
et al., 2016; Grundy & Timmer, 2017). According to Bialystok et al. (2009), bilinguals
generally display more difficultly in word processing tasks than monolinguals. This may
be especially true if the bilingual participants are completing these tasks in a less
proficient language (Calvo et al., 2016; Grundy & Timmer, 2017). Grundy and Timmer

(2017) state that completion of a task in a second, less-proficient language may place



bilinguals at a greater disadvantage than monolinguals due to the need to translate to their
most dominant language before responding. These types of disadvantages may be most
prominent in tasks like the backward version of the Digit Span, where a participant may
not be able to focus on the reverse order of digits due to initial focus on translation
(Calvo et al., 2016). Therefore, the increased difficulties associated with verbal working
memory tasks may be possibly “hiding” evidence for a true bilingual advantage. While
many studies test bilinguals on these tasks in their second language (Anton et al., 2019;
Gutiérrez-Clellen et al., 2004; Lukasik et al., 2018), very few have examined bilinguals
completing these tasks in their most dominant language. Therefore, evidence of a

bilingual advantage under these circumstances is currently unknown.

One method of accurately measuring working memory in bilinguals tested in their
second language may be implementation of nonverbal tasks. Blom et al. (2014) compared
Turkish-Dutch bilingual children with monolingual Dutch children on verbal and
visuospatial working memory tasks. While controlling for SES and vocabulary levels, the
bilingual children outperformed the monolingual children on both tasks (Blom et al.,
2014). A bilingual advantage was likely present in the verbal working memory tasks due
to vocabulary control (allowing bilinguals to be as proficient in their second language as
monolinguals). In terms of the visuospatial working memory task, the bilingual group
was not faced with the challenge of relying heavily on second language skills (or even
first language skills) to complete the task. Therefore, the significant findings of this task
in particular may have directly stemmed from the increased exercise in working memory
that accompanies bilingualism. The results of this study align with the hypothesis that

bilingualism enhances a visually-specialized subcomponent in working memory (Calvo



et al., 2016). This hypothesis is based off Baddeley’s model of working memory, which
states that working memory is composed of both a visuospatial sketchpad and a
phonological loop (Baddeley, 2000). In this model, the visuospatial sketchpad and the
phonological loop are separated, so that interactions do not take place between them
(Baddeley, 2000). This separation would further allow for “specialization” of different
types of working memory. Recent studies claim that bilinguals tend to outperform
monolinguals on nonverbal working memory tasks more than verbal working memory
tasks (Calvo et al., 2016; Grundy & Timmer, 2017). Therefore, it can be hypothesized
that bilingualism may directly enhance certain aspects of nonverbal working memory
(associated with the visuospatial sketchpad). These effects may be even more prominent
when bilinguals are tested in a less proficient second language. Perhaps it is bilingualism
itself that enhances nonverbal working memory, while language proficiency enhances
verbal working memory. Therefore, increased exercise of working memory (which
accompanies increased usage of two or more languages) may be the most important

predictor of an overall bilingual advantage.

Sensitivity of Working Memory Tasks

In addition to solely focusing on verbal working memory, some studies may not
have been implementing tasks that were cognitively demanding. Recent studies claim that
nonsignificant results in previous studies examining bilingualism and working memory
may be due to task insensitivity (Barker & Bialystok, 2019; Comishen & Bialystok,

2021; Janus & Bialystok, 2018). Janus and Bialystok (2018) examined working memory
in 9-year-old children using the n-back task. During this task, the children were presented

with a letter on a computer screen (e.g., “C”) followed by the presentation of a second



letter (the first letter was no longer visible while viewing the second letter). The 1-back
condition involved asking the children whether the second letter was the same as the
previous. Meanwhile, the 2-back condition involved asking the children if a third letter
was the same as the one presented two trials ago (the original first letter). Additionally,
emotional stimuli were presented on each side of the presented letter (e.g., two faces
displaying happy expressions) to serve as distractors while completing the task. The
results concluded that the bilingual children were slower but more accurate (i.e., they
indicted whether the previous letter matched the current letter correctly more often) than
the monolingual children on the 2-back condition, indicating a bilingual advantage (Janus
& Bialystok, 2018). Consistent findings were also found in another recent study that
manipulated the n-back task in young adults (Comishen & Bialystok, 2021). Comishen
and Bialystok (2021) placed distractors in-between trials to coincide with the previous
study (Janus & Bialystok, 2018). However, Comishen and Bialystok (2021) also included
a 3-back condition in this task to further increase attentional demands. The results
concluded that monolinguals displayed greater difficulties than bilinguals, particularly in
the 3-back condition (Comishen & Bialystok, 2021). These results contradict previous
studies that did not confirm a bilingual advantage without manipulation of the n-back
task (Lehtonen et al., 2018; Lukasik et al., 2018). Therefore, bilinguals may need to be
presented with tasks that are extensively cognitively demanding to display a cognitive
advantage. If these tasks are deemed too “easy”, monolinguals may be able to perform at

a similar level to bilinguals.

Recent studies also employed online processing measures to examine the

bilingual advantage in working memory (Barker & Bialystok, 2019; Comishen &



Bialystok, 2021; Morrison & Taler, 2020). Specifically, Barker and Bialystok (2019)
used an electroencephalogram (EEG) to measure brain amplitudes while participants
completed the n-back task. Similar to the studies discussed above (Comishen &
Bialystok, 2021; Janus & Bialystok, 2018), this study also increased attentional demands
through emotional distraction during the 2-back condition. The results concluded that the
bilinguals experienced a decrease in P3 brain amplitudes (which are present during
decision-making) between the one and 2-back conditions, whereas the monolinguals did
not display any differences in amplitude. Furthermore, higher levels of these amplitudes
indicate a stronger and more effortful response (Barker & Bialystok, 2019). Therefore,
the reduction of these amplitudes in bilinguals may indicate that less time and effort was
required to determine the correct response, suggesting less distraction from the emotional
stimuli. Overall, these results suggest that only the bilingual group adjusted to the
increased demands that were implemented during the 2-back condition, displaying a
bilingual advantage. Other studies examined event-related potentials (ERP) instead of
EEG amplitudes while completing behavioral tasks (Comishen & Bialystok, 2021;
Morrison & Taler, 2020). Consistent with previous findings, these studies concluded
more effortful processing for monolinguals during every task completion, suggesting a
possible bilingual advantage. It is important to note that Morrison and Taler (2020) did
not manipulate their behavioral measures to increase attentional demands. As a result,
group differences were only found for ERP responses (the monolingual and bilingual
groups performed similarly on the behavioral measures). Morrison and Taler (2020)
further emphasis the importance of ensuring that behavioral tasks are cognitively

demanding.



The Bilingual Advantage Across the Lifespan

Several studies claim that the bilingual advantage may only be present during
childhood and older adulthood (Anton et al., 2019; Bialystok et al., 2005; Grundy &
Timmer, 2017; Lehtenon et al., 2018). Grundy and Timmer (2017) state that young adult
brains may be at “peak cognitive performance” (which would therefore allow bilinguals
and monolinguals to perform similarly on working memory tasks). Furthermore, bilingual
studies examining young adults tend to exhibit “ceiling performance”, in which both
bilingual and monolingual participants achieve high test scores (Anton et al., 2019;
Bialystok et al., 2005; Grundy & Timmer, 2017). However, as discussed earlier, many of
these studies did not examine nonverbal working memory or cognitively increase task
demands (Anton et al., 2019; Bialystok et al., 2005; Grundy & Timmer, 2017; Lehtenon
et al., 2018). In contrast, the bilingual advantage has been displayed when these
requirements are met (Barker & Bialystok, 2019; Comishen & Bialystok, 2021).
Therefore, although it may not be as prominent, a bilingual advantage can still be

displayed in a population of young adults.

Another important aspect to note is that early bilinguals (those who became
bilingual at a young age) and late bilinguals (those who acquired a second language later
in life) may display cognitive advantages differently. On one hand, it could be
hypothesized that early bilinguals may display a more prominent bilingual advantage due
to more experience inhibiting a non-target language (Luk et al., 2011). This hypothesis
would coincide with the prediction that bilingualism increases working memory capacity
due to increased training (Bialystok, 2017). On the other hand, it could be hypothesized

that later bilinguals may display a more prominent bilingual advantage due to the
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increased cognitive demands that accompany learning a new language (Lukasik et al.,
2018). Although Lukasik et al. (2018) state that an overall bilingual advantage could not
be supported, the late bilinguals in this study performed better on working memory tasks
than the early bilinguals, providing evidence for the second hypothesis. Overall, the
greatest cognitive demands may be placed on the brain while learning a new language,
due to increased efforts to inhibit a non-target language (Lukasik et al., 2018). Therefore,
it may be possible that early bilinguals display a less prominent bilingual advantage
because they have become habituated to language inhibition (this would allow

bilingualism to become less cognitively demanding over time).

Codeswitching and Immersion in the Second Language

An important limitation of previous studies is the collective grouping of bilingual
participants as a whole (Anton et al., 2019; Lehtonen et al., 2018; Martinez & Singleton,
2019; Paap & Greenberg, 2013; Von Bastian et al., 2016). As explained above, bilingual
participants may display different cognitive abilities as a result of different language
experiences (Lukasik et al., 2018). Apart from learning a second language later in life, the
frequency and usage of language may also alter cognitive abilities (Beatty-Martinez &
Dussias, 2017; Beatty-Martinez et al., 2020). A prominent aspect that affects cognitive
abilities is code-switching, the ability to switch between languages with speakers during a
single conversation (Green & Abutalebi, 2013). Beatty-Martinez & Dussias (2017)
examined two different groups of Spanish-English bilinguals based on their tendency to
code-switch. The first group of participants lived in Spain and used their second language
(English) only under specific circumstances (e.g., while in school or at work). Therefore,

this group was not likely to codeswitch between languages often (Spanish was used
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increasingly more). In contrast, the second group of Spanish-English bilinguals were
currently living in the United States (a predominantly English country) but were born and
raised in Spain. This group of participants were more likely to frequently codeswitch
given that daily use of English was required for communication with most United States
residents. ERP results measuring processing of codeswitched sentences revealed that the
non-codeswitching group displayed extensive difficulty with a variety of codeswitching
sentences. In contrast, the group of participants currently living in the United States did
not display these difficulties. Due to the constant activation of both languages and the
alterations of language inhibition that take place during code-switching, bilinguals who
frequently use both languages may be increasing the attentional demands placed on the
brain, possibly altering the prominence of the bilingual advantage. Therefore, code-
switching individuals may display increased working memory capabilities over non-

codeswitching bilinguals.

Beatty Martinez et al. (2020) aimed to build off this previous work by examining
three separate groups of Spanish-English bilinguals. The first two groups of participants
were identical to that of the previous study (i.e., bilinguals who live in Spain and do not
code-switch, and bilinguals who grew up in Spain but are currently living in the United
States). However, Beatty Martinez et al. (2020) also implemented a third group of
bilingual participants who were living in Puerto Rico, where both Spanish and English
were spoken frequently by residents. Including this third group allowed for a more direct
comparison between code-switching and language usage (e.qg., these bilinguals were more
likely to code-switch and use both languages more frequently than the other two groups).

Results from a category verbal fluency task revealed that the Spanish-English bilinguals
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living in Spain produced more exemplars in Spanish than English, the immersed group of
bilinguals (living in the United States) produced more exemplars in English than Spanish,
and the code-switching group (living in Puerto Rico) produced approximately equal
exemplars in both languages. Overall, these results suggest that participants showed
better performance on the language they relied on compared to the other language.
Beatty-Martinez et al. (2020) suggest that the results from the immersed group of
bilinguals may be due to increased usage of English over Spanish (e.g., speaking Spanish
and code-switching may be less possible in this group because many United States
residents are English monolinguals). Furthermore, Beatty-Martinez et al. (2020)
hypothesize that the longer time immersed in the second language, the greater the
likelihood of the second language becoming the most dominant language (and therefore
the new first language). A switch in language dominance increases the cognitive demands
placed on the brain, possibly more than frequent code-switching (Beatty-Martinez et al.,
2020). Therefore, this may also alter the prominence of the bilingual advantage, by

allowing for a more significant difference in comparison to a monolingual group.

The Current Study

The conflicting results of various studies has sparked controversy over the
existence of a bilingual advantage. However, a number of these studies have failed to
implement non-verbal working memory tasks that increase the cognitive demands placed
on the brain (Anton et al., 2019; Bonifacci et al., 2011; Lukasik et al., 2018). In contrast,
evidence for a bilingual advantage has been supported when these requirements are met
(Barker & Bialystok, 2019; Blom et al., 2014; Comishen & Bialystok, 2021; Janus &

Bialystok, 2018). Furthermore, studies have shown that cognitive abilities may vary
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based on age of acquisition and frequency of language usage (Beatty-Martinez &
Dussias, 2017; Beatty-Marinez et al., 2020; Lukasik et al., 2015). The current study built
off these suggestions, aiming to address two research questions. First, this study
addressed whether the bilingual advantage was more likely to be present while examining
nonverbal working memory tasks for bilinguals who are tested in their second language.
It was hypothesized that bilinguals tested in their first language would perform greater on
a verbal working memory task than bilinguals tested in their second language and
monolinguals, as suggested by studies claiming that bilinguals may be at a disadvantage
when tested in their second language (Calvo et al., 2016; Grundy & Timmer, 2017).
Additionally, the greater performance over monolinguals was expected due to the
intention of implementing cognitively demanding tasks (Barker & Bialystok, 2019; Janus
& Bialystok, 2018). In contrast, it was hypothesized that bilinguals tested in their second
language would perform significantly greater than monolinguals on the nonverbal
working memory task only, suggesting a possible “hidden” bilingual advantage in verbal
working memory task. Second, this study examined whether second-language immersion
may allow for a more prominent bilingual advantage to appear, due to increased code-
switching and second language usage. Based on this question, it was hypothesized that
these increased skills might allow for immersed bilinguals to display a more prominent
bilingual advantage than other bilinguals on the nonverbal working memory task (this
trend was not expected for the verbal working memory task due to the immersed group
being tested in their second language). This hypothesis was based off Beatty-Martinez et
al. (2020), suggesting that greater cognitive demands may be placed on the brain as the

second language becomes the most dominant language.
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CHAPTER 2: METHOD

Participants

The participants of the study consisted mainly of students currently attending
Cape Breton University (CBU), with the exception of four undergraduate alumni and one
student from Nova Scotia Community College (NSCC) (see Table 1). In addition, while
the majority of CBU students were enrolled in undergraduate programs, nine students
reported enrollment in the Master of Business Administration (MBA) programs (see
Table 1). The CBU participants were recruited through a class that they were currently
attending, in which the researcher presented herself either at the beginning or the end of a
class session for oral recruitment. Initial class recruitment took place in November 2021,
and continued after the holiday break from January to March 2022. Additionally, some
participants were recruited online using an informative recruitment poster. This poster
was posted on the CBU Psychology Society social media sites (Instagram, Facebook, and
Twitter), to virtually recruit participants via email, during the months of January and
February 2022. A total of 94 participants were recruited for the purpose of this study.
Although the majority of recruited participants (76.5%) were young adults (aged 18-30),
anyone over the age of 18 was permitted to participate. Additional inclusion criteria
included normal or corrected vision and hearing, no previous neurological impairments,
and no previous head injuries. This information was obtained through a modified version
of the Language and Social Background Questionnaire (LSBQ); see Appendix A). The
participants consisted of three separate groups, based on previous suggestions (Beatty-

Martinez et al., 2021). It should also be noted that participants were restricted by location
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and one language. In other words, either the first or second language had to be English, as
English is the dominant language in Cape Breton and the language of instruction at the

university.

Group Inclusion

English-separated Bilinguals. This first group of bilinguals consisted of 33
bilingual participants who spoke English as their first language and were currently living
in Cape Breton. This group was implemented to allow for task examination in the first
language. Group demographics can be found in Table 1. The notion of the term
“separated” indicated that this group may have been “separated” from their second
language by a lack of usage opportunities, similar to participants in a previous study
(Beatty-Martinez et al., 2020). Given that English was the expected spoken language in
many social and professional situations in Cape Breton (and that many residents are
English monolinguals), it was expected that this group of bilinguals would not frequently
speak or read in any language other than English. Additionally, the majority of
participants in this group indicated to have acquired French as a second language through
French Immersion in school, and to have learned French after age eight or later (see
Table 2). However, many participants indicated a decline in second language usage in the

last two to three years, most likely since high school graduation (see Table 2).

English-immersed Bilinguals. This group of bilinguals consisted of 26
participants who spoke English as their second language and were currently living in
Cape Breton. These participants were implemented to allow for task examination in the
second language. Group demographics can be found in Table 1. The first language of

these bilinguals varied based on country of origin (see Table 3). Additionally, six of these
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participants indicated multilingualism (i.e., proficiency in three languages or more). The
majority of participants in this group (92.3%) indicated that they were international
students attending CBU. As a second purpose, this group was implemented to mimic the
participants from Beatty-Martinez et al. (2020) who grew up in Spain but were currently
living in the United States. Given that English is the dominant-speaking language at CBU
and in Cape Breton in general, these participants were therefore expected to be
“immersed” in their second language. Recruitment for this sample largely consisted of
those pursuing higher level education at an English University (see Table 1), and
participants indicated to have been living in Cape Breton for roughly three years (see
Table 4). Therefore, increased English usage was likely largely influenced by university
attendance. Although this group reported learning English from a relatively young age
(including five participants who report to have learned English from birth), frequency of
English usage declined before moving to Cape Breton (see Table 4). Given that the
majority of these participants report having learned English in school, usage likely

declined after high school graduation (see Table 4).

English Monolingual Controls. This group of participants consisted of 35
English monolingual Cape Breton residents. Group demographics can be found in Table
1. These participants served as a control group that represented “average” working

memory scores, indicating a lack of the bilingual advantage.



Table 1

Participant Demographic Information.

17

Group Mean Age Gender N Program N
Separated 21.28 Male 6 BA/BACS 13
Female 27 BSc/BScN 17

Non-Binary 0 CBU alumni 2

MBA 0

NSCC 1

Total 33 Total 33

Immersed 26.15 Male 7 BA/BACS 7
Female 18 BSc/BScN 8

Non-Binary 1 CBU alumni 2

MBA 9

NSCC 0

Total 26 Total 26

Control 22.06 Male 9 BA/BACS 21
Female 26 BSc/BScN 13

Non-Binary 0 CBU alumni 1

MBA 0

NSCC 0

Total 35 Total 35




Table 2

Separated group second language and age of acquisition.

Second Frequency Average Age % French Years
Language Learned Immersion Since
Usage
French 31 8.09 96.77 2.94
Vietnamese 1 3 0 1
Sign Language 1 4 0 1
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Table 3

Immersed group non-English-dominant country or region of origin.

Country Frequency First Language(s)
Algeria 1 Berber
China 11 Chinese
Eskasoni (Canada) 3 Mi’kmaq
Ghana 1 Ewe
India 6 Hindi; Punjabi;
Malayalam
Isle Madame (Canada) 1 French
Nigeria 1 Yoruba
Quebec (Canada) 1 French

Vietnam 1 Vietnamese
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Table 4

Immersed group English age of acquisition years without usage before moving to Cape

Breton.
Average Age % Learned in Years without  Years living in
Learned School English Usage Cape Breton
6.04 92.31 5.33 2.88
Materials
Measures

Language and Social Background Questionnaire. A modified version of the
Language and Social Background Questionnaire (LSBQ; Anderson et al., 2018) was used
to assess demographic information, parental SES, and frequency of language usage
(including frequency of code-switching). The original LSBQ was modified to allow for
more appropriate questions that would reduce harm to participants. For example, the
boxes that asked participants to check “male” or “female” were replaced with the word
“gender” followed by a space for an open-ended answer (see Appendix A). Furthermore,
regarding parental SES, the listings for “mother” and “father” were replaced with
“parental figure 1” and “parental figure 2 (if applicable)” for inclusion purposes.
Questions regarding French immersion were also added to gain a better understanding of
language usage for English-French bilingual participants in the English-separated group.

An example of this would be the question “What grade levels were you enrolled in
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French Immersion?” followed by boxes to check off “Elementary, Junior High, and High
School” (see Appendix A). A total of 22 open-ended and check-box questions were

included in this questionnaire.

Backward Digit Span. The Digit Span Backward Subtest of the Wechsler
Intelligence Scale (WAIS-V; Wechsler, 2008) was used as a model and recreated using a
random digit generator for the purposes of this study. Based on the original task, this
study individually assessed each participant on their ability to recall a sequence of digits
in the reverse order. These digits were solely administered and recalled in the English
language. The Backward Digit Span (BDS) was administered via an online Microsoft
Teams meeting. During this task, the researcher read aloud a sequence of numbers using
the microphone function in the Microsoft Teams application. The participant was then
required to orally produce these digits in reverse, using the microphone function as well.
For example, if the researcher said “1,6,0”, the participant was required to respond with
“0,6,1”. The first trial began with three digits (e.g., 1,4,9), and gradually increased in
difficulty by one digit each trial (e.g., the second trial contained four digits) (see
Appendix B). The final trial (Trial 8) consisted of 10 digits. Each trial consisted of three
same-length sequences that a participant was required to complete before administration
of the next trial. The participants were required to answer at least one of three sequences
correctly to be presented with the next trial. Based on a previous study administering this
task in an adult population, failure to answer all three sequences correctly resulted in
termination of the task (Monaco et al., 2013). A participant’s final score was the total
number of correctly answered sequences before task termination. The increase of one

digit per trial allowed this task to become increasingly cognitively demanding as well,
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which allowed for a full examination of cognitive abilities. Lastly, internal reliability
established for this measure was shown to be moderate via Cronbach’s alpha (o = .74).
The first and last two trials (trials seven and eight) were shown to have variances of zero
(in the case of trials seven and eight) or one (in the case of trial one), and were therefore

omitted from this analysis.

Picture Span Test. The Picture Span Test (PST; Originally developed by Tanabe
& Osaka, 2009) was used as a nonverbal working memory measure for the purposes of
this study. The PST is a task that assessed visual working memory by asking participants
to memorize a target object while performing a distractor task: judging whether each
object in a scene “belonged” (Tanabe & Osaka, 2009). A Microsoft PowerPoint
presentation that was created to mimic the aspects of the original task was presented
during the same Microsoft Teams meeting as the verbal working memory task (BDS).
The previous study that utilized the PST provided two examples of three objects in a
scene: one in which every object “belonged” (e.g., a computer, a desk, and a chair), and
another in which an object did not “belong (e.g., a dresser, a garbage can, and a
construction sign) (e.g., Tanabe & Osaka, 2009). While using these two examples as a
model, a total of 58 different cartoon scenes were created. The objects contained in these
scenes were derived from Google Images. Cartoon images were solely chosen to ensure
consistency across trials (e.g., mixing cartoon images with photographs may have further
distracted or confused participants). A large variety of background scenes were google-
searched, including searches such as “cartoon kitchen” and “cartoon playground”. Upon
searching, it was ensured that each chosen scene did not contain more than four target

objects (e.g., a refrigerator in a kitchen scene would be considered a target object). If
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more than four objects were included in the scene, the additional objects were either
photoshopped out (using either the “remove background” function on PowerPoint or the
“Paint” desktop app) or a similar scene containing less objects was chosen instead. If a
chosen scene contained less than four images, additional objects were google-searched
that would be appropriate for each scene (e.g., searching for a cartoon chair that would
coincide with the living room scene) and added to each scene using the same methods as
above. Additionally, any words or verbal phrases originally included in these scenes were
deleted using the Paint desktop app to ensure that no verbal distractors were present.
Participants were presented these scenes in sets, beginning with two in the first trial and
gradually increasing by one scene every second set (during a new trial) (see Appendix
D). Therefore, similar to the verbal working memory test (BDS), this task also increased
the cognitive demands placed on the brain by increasing task difficulty every second set.
As an example, trial one contained two sets of two scenes, while trial three contained two
sets of three scenes (see Appendix C). A maximum of seven scenes per trial were
presented (during trial 6). To ensure that the participant understood the instructions, they
were first presented with one example and a practice trial (see Appendix D). During this
task, the participants were presented with a cartoon scene consisting of four different
images for four seconds. Within this time frame, the participants were required to judge
whether each object belonged by verbally stating “yes” or “no” (in English) using the
microphone function. Half of all the scenes presented consisted of four objects that
belonged in the scene (e.g., a chair and a desk in an office setting), while the other half of
scenes consisted of one object that did not belong (e.g., a tree presented in a kitchen

setting) (see Appendix C). The objects that did not “belong” were added to many scenes
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that originally contained three objects. To ensure that the background remained consistent
(and therefore all objects “blended in” with the scene), the “remove background”
function on PowerPoint was used to implement an object that did not belong. These
objects were also google-searched and chosen to clearly indicate inconsistency. For
example, while searching for an incongruent object in an underwater scene, an animal
such as a turtle would not have been chosen due to accidental confusion with a sea turtle
(which would have allowed this object to “belong” in the scene). Instead, a more clearly
land animal (e.g., a rabbit) would be chosen for this type of scene. Presentation of a
scene in which all the objects belonged was labelled the “congruent” condition, while
presentation of a scene in which an object did not belong was labelled the “incongruent”
condition. Next, a red square outlined a target object for one second (see Appendix C).
During this second, the participants were asked to visually memorize the target object.
The participants were also required to count aloud from one to nine during this
presentation to ensure that the visual properties of the object were being rehearsed and
not the name of the object itself (e.g., silently rehearsing the word “chair”). Lastly,
participants were required to recall the visually memorized item in each scene after the
total number of scenes are presented per trial. One slide per scene was presented in a
randomized order containing the four objects that were previously visible (minus the
scene background), each with a number from one to four listed underneath (see Appendix
C). The participants were required to verbally state (in English) the number that the
memorized object was listed under by once again using the microphone function. Lastly,

internal reliability for this measure was shown to be acceptable via Cronbach’s alpha (o=
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.82). Trial one of this measure was shown to have a variance of one, and was therefore

omitted from this analysis.

Procedure

The participants were first required to complete the modified version of the
Language and Social Background Questionnaire. Completion of this task took place
either in-person (if the participants were recruited via in-person classrooms at CBU) or
through the online Lime Survey database (if the participants were recruited via the
psychology society’s social media webpages or through an online-based course at CBU).
Participants completing this questionnaire in-person were distributed a hard-copy of this
questionnaire and required to write their responses using a pen or pencil. Online
completion of this task required opening a link listed on one of the social media pages
(that opened the survey on the Lime Survey website) and using a keyboard or mouse to
respond to questions. A consent form was attached to these surveys (either in hard-copy
form or online), which contained a box that participants were required to “check off”
before completing the survey. The participants were also required to give their names,
emails, and the date at the end of this form, so they could have been contacted to
complete the cognitive measures at a later time. After the questionnaire was completed,
the responses were analyzed to determine which group (if any) the participant belonged
to. Each participant was given a code based on their group (e.g., code 1 for an English-
separated bilingual, code 2 for an English-immersed bilingual, and code 3 for an English
monolingual). These codes were used to record an individual’s responses (rather than
their names), to ensure confidentiality and anonymity. Once a participant had been coded,

the section of the consent form containing the participant’s contact information was
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separated from the questionnaire, so the participant was no longer associated with the
data (only the code). During this same period, the participants were also contacted via
email with a list of available times to complete the working memory tasks. Once the
participant had chosen their option (by stating their chosen time in an email), an
appointment was set up via Microsoft Teams. Each of the 94 participants completed an
individual one-on-one meeting with the researcher, which took approximately 15-20
minutes to complete. During this meeting, the researcher introduced herself and asked the
participant to ensure that their cameras and microphone functions were working
correctly. Once both the participant and researcher had their cameras on, the participants
completed the verbal working memory test (BDS). After the highest sequence of correct
digits was recorded (and therefore the task was terminated), the participants were
presented with the nonverbal working memory test (PST). The number of correct and
incorrect responses for each trial were recorded upon completion. Responses for both
working memory tasks were recorded into the researcher’s notebook (hardcopy), before

being transferred over into a password protected computer.
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CHAPTER 3: RESULTS
LSBQ Survey Data

First, to determine whether the three groups would differ across self-rated levels
of English-speaking proficiency, a between groups one-way ANOVA was conducted.
The assumption of homogeneity could not be satisfied via Levene’s F test, F(2,91)=
42.064, p<.001. In lieu, the Brown-Forsythe correction was implemented. The ANOVA
was evaluated and associated with a statistically significant result, F(2,32)= 36.186,
p<.001, partial 22 = .495. Tukey’s HSD test indicated that English-speaking proficiency
was rated significantly lower for the immersed group than the separated (p<.001) and
control groups (p<.001). A nonsignificant result was found between the separated and
control groups, p=.428, ns. Average ratings of English-speaking proficiency can be

found in Table 5.

To examine whether each group would differ across self-rated levels of English-
understanding proficiency, another between groups one-way ANOVA was conducted.
The assumption of homogeneity could not be satisfied via Levene’s F test, F(2,91)= 30.
907, p<.001. In lieu, the Brown-Forsythe correction was implemented. The ANOVA was
evaluated and associated with a statistically significant result, F(2,34)= 17.754, p<.001,
partial 7z = .322. Tukey’s HSD test revealed that the immersed bilingual group rated the
ability to proficiently understand English significantly lower than the separated (p<.001)

and control groups (p<.001). However, a nonsignificant result was found between the
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separated and control groups, p= .463. Average ratings of proficiency in terms of

understanding English can be found in Table 5.

Also, an additional between groups one-way ANOVA was conducted to
determine if group differences would arise between English-writing proficiency. The
assumption of homogeneity could not be satisfied via Levene’s F test, F(2,91)= 10.224,
p<.001. In lieu, the Brown-Forsythe correction was implemented. The ANOVA was
evaluated and associated with a statistically significant result, F(2,51)= 17.216, p<.001,
partial z° = .3. Tukey’s HSD test indicated that the immersed bilingual group rated
English-writing proficiency significantly lower than the separated (p<.001) and control
groups (p<.001). A nonsignificant result was concluded between the separated and
control groups, p=.722. Average ratings of English-writing proficiency can be found in

Table 5.

Lastly, in terms of self-reported English proficiency, a final one-way between
groups ANOVA was conducted to determine if the three groups would differ across
reading proficiency. The assumption of homogeneity could not be satisfied via Levene’s
F test, F(2,91)=11.192, p<.001. In lieu, the Brown-Forsythe correction was
implemented. The ANOVA was evaluated and associated with a statistically significant
result, F(2,55)= 10.150, p<.001, partial #? = .2. Tukey’s HSD test revealed that the
immersed bilingual group rated English-reading proficiency significantly lower than the
separated (p<.001) and control groups (p<.001). However, a nonsignificant result was
once again found between the separated and control groups, p= 0.827. Average ratings of

English-reading proficiency can be found in Table 5.
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Table 5

Average self-reported English language proficiency across groups using a 1-10 point

scale.
Group Speak Understand Write Read
Separated 9.94 9.91 9.61 9.68
Immersed 7.35 8.15 7.69 8.19
Control 9.60 9.60 9.37 9.48

In order to examine whether the separated and immersed groups would differ
based on their non-English most proficient language, an independent t-test was conducted
assessing self-rated proficiency reports in speaking, understanding, writing, and reading.
The assumption of homogeneity for all four dependant variables was satisfied via
Levene’s F test (see Table 6). In terms of speaking proficiency, the t-test was evaluated
and associated with a statistically significant effect t(57)= 6.636, p<.001, Cohen’s d=
1.740. Evaluation of the independent samples t-test also concluded significant results for
understanding, t(57)=4.078, p<.001, Cohen’s d= 1.070, and writing proficiency, t(57)=
6.604, p<.001, Cohen’s d= 1.732. Lastly, in terms of reading proficiency, the t-test was
evaluated and associated with a statistically significant result as well, t(57)= 4.222,
p<.001, Cohen’s d=1.107. Overall, the separated group reported lower proficiency in all
four levels, indicating a significantly greater proficiency in the immersed group (see

Table 7).
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Table 6

Assumption of homogeneity of variance for each proficiency level in an independent t-

test.
Proficiency F df p
Speak 2.453 1 0.123
Understand 0.582 1 0.448
Write 2.331 1 0.132
Read 1.734 1 0.193
Table 7

Average self-reported other language proficiency across groups using a 1-10 point scale.

Group Speak Understand Write Read
Separated 6.61 7.12 6.12 6.91
Immersed 9.19 9.12 9.00 9.08

Next, to determine whether the immersed and separated groups would differ
based on the tendency to speak English, a chi-square test was conducted. The results of

the chi-square were significant X 2(3) = 27.192, p<.001, suggesting that the separated
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group spoke English more frequently than the immersed group. Overall, the immersed
group frequently indicated to speak English “most of the time”, while the majority of the

separated group reported speaking English “all of the time” (see Table 8).

Additionally, a chi-square test was also conducted to determine whether the
immersed and separated groups would differ based on the tendency to read in English.
The results of the chi-square were once again significant X?(2) = 17.359, p<.001,
suggesting that the separated group read in English more often than the immersed group.
Overall, the immersed group most often indicated to read in English “most of the time”
while the separated group most often indicated to read in English “all of the time” (see

Table 8).
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Group differences in the tendency to speak and read in the English language.

Group Speak Frequency Read Frequency
Separated All the time 23 All the time 26
Most the time 10 Most the time 7
Sometimes 0 Sometimes 0
Little time 0 Little time 0
Immersed All the time 2 All the time 6
Most the time 15 Most the time 13
Sometimes 7 Sometimes 7
Little time 2 Little time 0

An additional chi-square test was conducted to determine whether the immersed

group would display greater code-switching frequency than the separated group. The

results of the chi-square were significant X 2(4) = 24.272, p<.001, suggesting a greater

tendency to code-switch in the immersed group. Overall, the immersed group most often

indicated to code-switch “always”, while the separated group most often indicated to

code-switch “never” (see Table 9).



Table 9

Frequency of code-switching in separated and immersed bilinguals.
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Group Code-switching frequency N
Separated Always 0
Frequently 0

Sometimes 4

Rarely 2

Never 27

Immersed Always 7
Frequently 3

Sometimes 5

Rarely 5

Never 6

Also, to determine whether each group would differ based on age, a between
groups one-way ANOVA was conducted. The assumption of homogeneity could not be
satisfied via Levene’s F test, F(2,90)= 3.409, p=.037. In lieu, the Brown-Forsythe

correction was implemented. The ANOVA was evaluated and associated with a
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statistically significant result, F(2,71)= 4.336, p=.017, partial z>= .093. More
specifically, Tukey’s HSD indicated that the average age of the immersed group appeared
to be significantly higher than the separated (p=.015) and control groups (p=.043). No
significant differences were found between the separated and control groups (p=.876).

The mean age of each group is listed under participant demographics (Table 1).

Lastly, to determine whether each group would differ based on socioeconomic
status (SES), a chi-square test was conducted assessing participants’ first listed parental
education level. The results of the chi-square were nonsignificant X?(8) = 10.701, p=
0.219, suggesting similar levels of SES within each group. Overall, SES for each group
appeared to be relatively high, with postsecondary and graduate degrees being the most

common self-reported answers (see Table 10).

Table 10

Self-reported education levels for the first listed parental figure.

Group No High High Some Postsecondary Graduate
School School  Postsecondary Degree Degree

Diploma  Diploma Education

Control 3 8 2 14 8
Immersed 0 6 3 5 12
Separated 1 5 5 14 8

Total 4 19 10 33 28
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Verbal working memory: Backward Digit Span

To examine whether the separated group of bilinguals would perform
significantly greater than the other two groups on the verbal working memory task
(BDS), a between-groups one-way ANOVA was conducted. The assumption of
homogeneity could not be satisfied via Levene’s F test, F(2,91)= 3.499, p=.034. In lieu,
the Brown-Forsythe correction was implemented. The ANOVA was evaluated and
associated with a statistically significant result F(2,73)= 6.229, p=.003, partial ;= .126.
Tukey’s HSD test revealed that the separated bilingual group performed significantly
greater than the immersed bilingual group (p<.01), and the control group (p<.05),
indicating a possible bilingual advantage. However, no differences were found between
the immersed and control groups, p=.639, ns. The means and standard deviations of each
group can be found in Table 11. Overall, this confirms the hypothesis that bilinguals
tested in their first language would perform significantly greater on a verbal working

memory test than bilinguals tested in their second language.

Table 11

Means and standard deviations of group-based performance on the BDS.

Group Mean SD N
Control 9.714 2.480 35
Immersed 9.115 3.064 26
Separated 11.394 2.179 33

Note. Maximum possible score was 24.
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Nonverbal working memory: Picture Span Test

Next, to test the hypotheses that a bilingual advantage would be present for both
groups of bilinguals on the nonverbal working memory task (PST), and that this
advantage may be most prominent in the immersed group, another between-groups one-
way ANOVA was conducted. The assumption of homogeneity was tested and satisfied
via Levene’s F test, F(2,91)= 3.003, p=.055. The ANOVA was evaluated and associated
with a statistically significant result, F(2,91)= 3.269, p= .043, partial i>= .067. The Least
Significant Difference (LSD) test revealed that the separated bilingual group performed
significantly greater than control group (p<.05), indicating a possible bilingual advantage.
Interestingly, a trend to be significant was shown while comparing the immersed
bilingual group to the control group (p=.067) indicating greater performance in the
immersed group than the control group as well. A nonsignificant result was displayed
between the immersed bilingual and separated groups, p= 0.458, ns. The mean
performance of each group can be found in Table 12. Overall, a trend toward a bilingual
advantage partly supports the hypothesis that both groups display a bilingual advantage.

However, the prominence of the advantage appears to similar across groups.



Table 12

Means and standard deviations of group-based performance on the PST.
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Group Mean SD N
Control 39.743 4.699 35
Immersed 41.808 3.622 26
Separated 41.970 3.293 33

Note. Maximum possible score was 54.



38

CHAPTER 4: DISCUSSION

The current study aimed to build off previous studies claiming that the
implementation of verbal working memory tasks may possibly “hide” evidence of a
bilingual advantage for those tested in their second language (Bialystok et al., 2009;
Calvo et al., 2016; Grundy & Timmer, 2017). The results associated with the verbal
working memory task (BDS) were significant while comparing the separated group to
both the immersed and control groups. Overall, the separated group performed the
greatest out of the three groups, providing evidence for a possible bilingual advantage.
Also, as expected, the immersed group performed similarly to that of the control group,
failing to provide evidence for a bilingual advantage. This confirms the hypothesis that a

bilingual advantage may be “hidden” in the immersed group.

First, as previous studies have claimed, reduced second language proficiency may
play a significant role in these group differences (Calvo et al., 2016; Grundy & Timmer,
2017). Results indicate significantly lower levels of English proficiency for the immersed
group than the control group (as seen in Table 5). Therefore, it can be concluded that
differences in proficiency may have increased difficulty in the immersed group while
completing the verbal working memory task. For example, the immersed group was
likely to have been pre-occupied with translating the numbers from their first language
into English, before attempting to place these numbers in the reverse order. However, the
self-rated reports of proficiency for this group still may have been higher than for the
general population, given the higher levels of English proficiency that would be required

to complete a university degree. As seen in Table 5, on average, participants in the
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immersed group rated English proficiency to be between seven and eight (on a 10-point
scale). Perhaps a second language-English bilingual living in Cape Breton who was only
required to use English while running errands or in generalized social situations would
rate English proficiency as lower (e.g., between five and six). Overall, although these
participants may have greater second language proficiency than expected, significant
results indicate that proficiency may still have been low enough to influence these

differences.

Additionally, a lack of practice in English may have influenced these group
differences as well. As seen in Table 4, the majority of the immersed group reported to
have learned English in early childhood, but infrequent usage beyond high school (until
moving to Cape Breton). Given the overall older age range of this group, combined with
the recency of moving to an English-dominant country (many reported to have moved to
Cape Breton within the last two years, as seen in Table 4), perhaps this group may also
need to translate before responding because of decreased English usage (in addition to
reduced proficiency). A future study examining those who have continued to speak their
second language throughout the lifespan may provide a more accurate representation of
whether reduced proficiency may be the only factor that places those completing a verbal

working memory task in their second language at a disadvantage.

Also, it should be noted that the separated group of bilinguals rated other-
language proficiency significantly lower than the immersed group (as seen in Table 7).
This was to be expected, as the most proficient non-English language was the immersed
group’s first language and the separated group’s second language. However, Table 8 also

shows that the majority of participants in the separated group reported to almost never
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speak or read in any language other than English. This coincides with significantly less
code-switching in this group compared to the immersed group (as seen in Table 9).
Therefore, although it could not be established in this study (due to the researcher
classifying as an English monolingual), examining the separated group in their second
language on the verbal working memory task (BDS) may have provided a more accurate
representation of the results of verbal working memory tasks in less proficient bilinguals

(given the less practice in the second language).

Lastly, self-report measures of proficiency may not be as accurate as
observational methods. For the purpose of this study, the LSBQ allowed participants to
self-rate their levels of reading, writing, speaking, and understanding English and other
languages. Therefore, both groups may have rated second language proficiency as higher
or lower than would be determined in a more controlled measure. Additionally,
participants in the immersed group indicated to be from a variety of different countries
and regions (as seen in Table 3). Given that these countries likely consist of a variety of
different cultures, cultural perceptions may have influenced these self-reported levels as
well. Observational methods of proficiency could possibly rule out this disadvantage in

verbal working memory tasks as being solely related to reduced proficiency.

The second purpose of the current study was to examine whether those tested in
their second language would display a bilingual advantage on nonverbal working
memory tasks. The results associated with the nonverbal working memory test (PST)
concluded significant differences between the separated and control groups, and a trend
towards significant between the immersed and control groups. The results while

comparing the immersed and separated groups were nonsignificant. Overall, the
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separated group performed the greatest, with the immersed group performing similarly.
Given the high degree of similarity between these two groups, it is suggested that the
nonverbal working memory task (PST) may not “hiding” a possible bilingual advantage
for the immersed group (unlike the verbal working memory task). The significant result
between the separated and control groups also coincides with a previous study claiming
that a bilingual advantage may be present while testing participants on nonverbal working
memory tasks (Blom et al., 2014). Although a bilingual advantage could not be
confirmed for the immersed bilingual group, a marginally significant result was found

while comparing this group to that of the control group.

This result may be partially influenced by a reduced sample size the immersed
group. Compared to the separated group (which consisted of 33 participants) and the
monolingual control group (which consisted of 35 participants), the immersed group only
consisted of 26 participants. This was to be expected, as many residents of Cape Breton
are monolingual English speakers who would rarely be required to speak another
language in this area. Therefore, although recruitment was very active, bilingual persons
consist of a much smaller population than monolinguals, and it was difficult to recruit
even sample sizes for this study. Future examination of groups with samples over thirty

may provide more power to detect significant differences.

Also, it should be noted that although the PST was designed to be a nonverbal
working memory test, some verbal requirements of this test were still necessary. For
example, participants were required to verbally state whether each object belonged and
indicate the number associated with the red square in English. However, many of these

responses only included a simple “yes” or “no” or indicating a single number. In addition,
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instructing participants to count out loud from one to nine minimized the chances of
verbally memorizing the name of the object. Therefore, although simple verbal forms of
communication were required, memorization of the target object itself did not require the
use of verbal second-language skills. Social distancing requirements of COVID-19 have
limited this study from implementation of an entirely nonverbal working memory task,
which would likely require participants completing this task on an authorized computer in
an in-person laboratory (e.g., participants could then press a designated button to indicate
which object did not belong or the target object in the recognition phase). This inclusion
of simple verbal responses could possibly have influenced performance of the immersed
group due focus on English responses. In other words, perhaps the immersed group were
paying attention to translating what the researcher was saying and therefore had to
“multitask” more than the other two groups, increasing the difficulty level. Under the
assumption that fewer COVID-19 restrictions may be present in the future, the
implementation of fully nonverbal working memory tasks may allow for a more accurate

comparison between different groups of bilinguals.

Additionally, the PST may not have been as cognitively demanding as required.
Previous studies have shown that a bilingual advantage may be present once a task
increases in difficulty, but not under less difficult conditions (Barker & Bialystok, 2019;
Comishen & Bialystok, 2021; Janus & Bialystok, 2018). Therefore, past studies that did
not support a bilingual advantage may not have been implementing tasks that
purposefully increased cognitive demands, allowing monolinguals to perform similarly to
bilinguals. Due to time constraints, two cartoon sets with a maximum of seven scenes per

trial were created for the purpose of this study. First, it should be noted that ceiling
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effects on task performance were not a concern for this study. The maximum score for
this task was 54, and all mean scores were below 90% of this (as seen in Table 12). Also,
given the clearly significant difference between the control and separated groups, it can
be concluded that each group was not performing well due to less difficulty. However, it
is possible that the difficultly was not great enough for a noticeable difference to form
between the immersed and control groups. Perhaps if time had allowed for the addition of
up to ten scenes for trial, the monolingual group may have performed significantly lower

than the control group.

Along with these two factors, age could have possibly influenced performance in
the immersed group as well. According to Grundy and Timmer (2017), participants in
young adulthood may be at “peak” cognitive performance (i.e., this performance may
begin to decline after young adulthood). Results display significant differences in age
between the immersed and other two groups, with the immersed group displaying the
highest mean age (at 26.15). This may be likely due to a higher number of recruited
participants from introductory psychology classes meeting the criteria for the separated or
control groups, while the immersed group contained the greatest number of masters level
students (as seen in Table 1). Given that the mean age of the immersed group is still
classified as young adulthood, it is unlikely that this factor may have prevented a
significant result from forming on its own. Rather, age differences may have served as an
additional influence in the control group performing more similarly to the immersed
group than intended. Therefore, an examination of participants from a stricter age range

could possibly reduce the influence of age-based cognitive performance.



44

Lastly, it was hypothesized that increased second language usage and
codeswitching would possibly provide a more prominent bilingual advantage for the
immersed group than the separated group on the nonverbal working memory task. This
was hypothesized to coincide with previous studies claiming that second-language
immersion may additionally increase the cognitive demands placed on the brain (Beatty-
Martinez & Dussias, 2017; Beatty-Marinez et al., 2020). However, contrary to this

prediction, both the immersed and separated groups performed similarly on this task.

Given the difficultly of recruiting those with the specialized characteristics of the
immersed group, five participants were included in this group who had learned two
languages simultaneously from birth (with the second language reporting to be English).
Unlike the majority of the immersed group (who indicated to have been from another
country where English was not the dominant-speaking language), most of these five
additional participants grew up somewhere in Canada where either both languages were
spoken frequently, or in towns outside of the community that were largely English-
dominant (as seen in Table 3). Therefore, these five participants may have been more
likely to use English at home and in the community throughout the lifespan (in contrast to
the many participants who reported a decline in English usage from high school
graduation until moving to Cape Breton). This increased second language usage with
others may have allowed these participants to not be recently immersed in their second
language, as this immersion may have taken place since birth. According to Lukasik et
al. (2018), bilinguals who learn two languages from birth may have more practice with
the second language, decreasing the cognitive demands of bilingualism. Therefore, the

five participants in this group may have allowed for the immersed group to perform more
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similarly to the control group than intended. Future studies should consider limiting this
group to those who previously may have only utilized their second language while in
school (before moving to an English-dominant community), which may display a more

accurate representation of second-language immersion.

Furthermore, unlike the separated group (who predominantly spoke French as a
second language), the immersed group of bilinguals spoke a wide variety of first
languages (as seen in Table 3). This range included many languages that were similar to
the verbal and written structure of English, but also many that were very different. For
example, as seen in Table 3, a high proportion of bilinguals in this group indicated their
first language to be Chinese. The written portion of this language (which involves
characters) is very different than that of English (which involves letters). Therefore, these
participants may have experienced second language learning much differently than those
whose first language involved a similar written structure to that of English. The demands
associated with learning an entirely new alphabet could possibly increase working
memory skills (by increased inhibition of first-language symbols) or decrease it (through
increased difficulties of mastering this new written structure). Examining and comparing
these two different types of languages separately may provide further explanations

regarding the effects of second language immersion.

Additionally, it should be noted that first language usage and code-switching may
have influenced performance in the immersed group as well. Beatty-Martinez and
Dussias (2017) claim that frequent code-switching may increase the attentional demands
placed on the brain. Meanwhile, Beatty-Martinez et al. (2020) state that immersion in a

second language may slowly allow the second language to become the most dominant
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language (by increasing second language usage and decreasing first language usage),
resulting in greater cognitive demands than for those who use both languages often.
While the participants in the immersed group were living in Cape Breton (an English-
dominant community), they indicated significantly less frequent English usage than the
separated group. As seen in Table 8, many participants in the immersed group reported
speaking and reading in English “most of the time”, and the separated group most often
reported speaking and reading in English “all the time”. This coincides with the
significantly greater frequency of code-switching in the immersed group (as seen in Table
9). Therefore, while increased English usage (once moving to Cape Breton) and code-
switching may have increased the cognitive demands placed on the brain more so than
that of the separated group, code-switching could have possibly taken away from the
second language becoming the most dominant language. For example, although these
participants may have been required to communicate in English while at school and
participating in the community, frequent practice of the first language while with friends
and family may have allowed these participants to become slightly similar to those who
live in a community where both spoken languages are common. In terms of future
research, an examination of those who have little ties to their first language may provide
further evidence of increased cognitive demands being placed on the brain (as a result of
dominant-language switching), therefore allowing these individuals to display a more

prominent bilingual advantage than other groups of bilinguals.

Finally, in terms of the third hypothesis, it is possible that the increased cognitive
skills associated with second-language immersion may not be generalizable to working

memory in particular. Although Beatty-Martinez and Dussias (2017) provide ERP
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evidence for increased cognitive demands being placed on the brain, the brain areas
affected by increased code-switching were not specifically examined. Similarly, Beatty-
Martinez et al. (2020) examined second-language immersion by assessing the number of
exemplars that were produced in each language, rather than memory skills. Given the
many studies that associate bilingualism with increased working memory skills (Barker
& Bialystok, 2019; Blom et al., 2014; Comishen & Bialystok, 2021; Janus & Bialystok,
2018), it is possible that these increased cognitive demands may involve working
memory skills. However, the lack of past studies examining the effects of code-switching
and second-language immersion on working memory does not allow for further
conclusions to be made. Future research should focus on building upon these claims and

hypotheses to determine if these factors may affect working memory skills.

As a final note, it should be recognized that socioeconomic status (SES) did not
differ significantly across groups in this study. Furthermore, each group indicated SES to
be relatively high, with postsecondary and graduate degrees being the most commonly
reported parental education levels (as seen in Table 10). According to Mezzacappa
(2004), those with higher SES may possess greater working memory skills than those
with lower SES. Therefore, the participants in this study may have displayed greater SES
and working memory skills than a more general population. This was to be expected, as
many of the participants were students pursuing a costly postsecondary education degree.
Additionally, the greatest number of parents with a graduate degree in the immersed
bilingual group coincides with the increased tuition and living costs that many
international students would be required to pay compared to domestic students. However,

given the clearly nonsignificant differences between each group on SES, the higher-than-
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average levels are not thought to place any group at an increased working memory

advantage over another.

One limitation of this variable may be the reliance on parental education itself.
For example, education does not tell us whether parents are helping students pay for their
postsecondary education, or whether they are currently employed. Therefore, it may have
been more informative to include questions regarding financial support and parental
income Furthermore, in terms of the immersed group, parental education may be even
less informative regarding SES. Participants in this group indicated an older overall mean
age and many indicated to be currently pursuing a master’s degree (as seen in Table 1).
Therefore, parents in this group may be less likely to provide financial support.
Regarding this group, it may have been most informative to examine self-reported SES,
including financial income. Taking these factors into consideration may allow for a

further examination of SES in the future.

Overall, contrary to previous studies (Anton et al., 2019; Lukasik et al., 2018;
Von Bastian et al., 2016), this research suggests that a bilingual working memory
advantage is present for at least one group of bilinguals. Results from a verbal working
memory task concluded a bilingual advantage for the separated group only, suggesting
that the verbal requirements may be “hiding” a possible bilingual advantage in those
tested in their second language. In contrast, the similarities in bilingual groups’
performance on a nonverbal working memory task suggest that these types of tasks may
not display this effect. While a bilingual advantage could only be confirmed once again
for the separated group, a trend towards an advantage was found for the immersed group.

A major strength of this study was the examination of two groups of bilinguals who



49

learned and used their second languages in different contexts. While the separated group
indicated rarely using their second language outside of the high school setting, the
immersed group were likely required to use their second language on a daily basis. The
examination of two groups of bilinguals displaying different characteristics was rarely
implemented in previous studies. Those who did implement previous groups concluded
cognitive differences based on frequency of usage and code-switching (Beatty-Martinez
& Dussias, 2017; Beatty-Marinez et al., 2020). Although this study could not confirm
whether these factors influence the prominence of a bilingual advantage, differences
between various groups of bilinguals may still be present. Future studies should continue
to examine the complex characteristics that compose the bilingual experience,

determining which conditions may allow for the bilingual advantage to arise.
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. Gender:

. Program and year of study (if applicable):

. Handedness: [ ] Left [ ] Right
. Date of Birth (Day/Month/Year):

. Do you play first-person shooting (FPS)/action video games? [ ] Yes [ ] No

If yes, on average how many hours do you play per week?

. Do you have any hearing problems? [ ] Yes [ ] No

If yes, do you wear a hearing aid? [ ] Yes [ ] No

. Do you have vision problems? [ ] Yes [ ] No

If yes, do you wear glasses or contacts? [ ] Yes [ ] No

Is your vision corrected to normal with glasses or contacts? [ ] Yes [ ] No
. Are you colour blind? [ ] Yes [ ] No

If yes, what type?

. Have you ever had a head injury? [ ] Yes [ ] No

If yes, please explain:

10. Do you have any known neurological impairments? (e.g., epilepsy etc.) []Yes [] No

If yes, please indicate:




11. Please indicate the highest level of education and occupation for current parental
figure(s):

Parental Figure 1 Parental Figure 2 (if applicable)

[ 1 No High School Diploma [ 1 No High School Diploma

[ ] High School Diploma [ ] High School Diploma

[ ] Some postsecondary education [ ] Some postsecondary education

[ ] Postsecondary degree/diploma [ ] Postsecondary degree/diploma

[ ] Graduate or Professional Degree [ ] Graduate or Professional Degree
Occupation: Occupation:

First Language: First Language:

Second Language: Second Language:

Other Language(s): Other Language(s):

12. Were you born in Canada: [ ] Yes [ ] No

If no, where were you born?

When did you move to Canada (Year)?

13. Have you ever lived in a place where English is not the dominant communicating
language?

[ 1Yes[ ] No

If yes, where and for how long?

Place From (Year) To (Year)

1.

2.

3.
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14. If you lived in Canada for most of your life, were you ever enrolled in the French
immersion

program? [ ] Yes [ ] No

If yes, at what grade levels (please check all that apply)?
[ ] Elementary (Primary to Grade 6)

[ 1Junior High (Grades 7-9)

[ ] High School (Grades 10-12)

15. If you were enrolled in the French immersion program, did you stay enrolled
throughout the duration of the program (e.g., did not switch to the English program from
Grades 7-9)?

[ 1Yes [ ]No [ ] Notapplicable

If no, please indicate which grade level you switched out of the program:

Language Background

16. Please list all the languages and dialects that you can speak and fully understand
(including English), in order of fluency (first spoken language, second spoken language,
etc.):

Where did you learn | At what age did Were there any
L it? (Please check all | you learn it? (if periods in your
anguage that apply) learned from birth | life where you
write age “07) did not use this
language?
Indicate
duration in
months/years.
[ ] Home [ ] School
1. [ 1 Community
[1]
Other:
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[ ] Home [ ] School
[ 1 Community

[ ]
Other:

[ ] Home [ ] School

[ 1 Community

[ ]
Other:

[ ] Home [ ] School

[ 1 Community

[ ]
Other:

[ ] Home [ ] School

[ 1 Community

[ ]
Other:

Relative to a highly proficient speaker’s performance, rate your proficiency level on a
scale of 0- 10 for the following activities conducted in English and your other

language(s).

17.1 English

Proficiency

Speaking

Understanding 0

Writing
Reading

0

0
0

No Proficiency

1 2
1 2
1 2
1 2

W w w W
A ~ o~ B

(6 IS TS I &)

o o o ©

~N N N Y

0 o oo ™

High

© © o ©

10
10
10
10
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17.2 Of the time you spend engaged in each of the following activities, how much of that

time is carried out in English?

None Little Some Most
Speaking [] [] [] []
Listening [] [] [] []
Reading [] [ ] [] []
Writing [] [] [ ] []

18.1 Most proficient language other than English (if applicable):

No Proficiency

Proficiency
Speaking 0 1 2 3 4 5 6
Understanding 0 1 2 3 4 5 6
Writing 0 1 2 3 4 5 6
Reading 0 1 2 3 4 5 6

U N BN R

All
[]
[]
[]
[]
High
8 9 10
8 9 10
8 9 10
8 9 10

18.2 Of the time you spend engaged in each of the following activities, how much of that

time is carried out in this language?

None Little Some Most
Speaking [] [] [] []
Listening [ ] [] [] []
Reading [] [ ] [] [ ]
Writing [ ] [] [ ] [ ]

All

[]
[]
[]
[]
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19. Please indicate which language(s) you use most frequently heard or used in the
following life stages, both inside and outside home.

Infancy
Preschool age

Primary
School Age

High School
Age

All
English

[]

[]
[]

Mostly
English

[]
[]
[]

[]

Half English
half other
language

[]
[]
[]

[ ]

Mostly the

other
language

[]
[]
[]

[ ]

Only the
other
language

[]
[]
[]

[]

20. Please indicate which language(s) you generally use when speaking to the following

people.

Parental
Figure(s)

Other Relatives

Partner

Roommate(s)
Neighbours

Friends

All
English

[]

[]

[]

Mostly
English

[]

[]

[]

[]
[]
[]

Half English
half other
language

[]

[]

[]

[]
[]
[]

Mostly the  Only the
other
language

[]

[]

[]

[]
[]
[]

other

language

[]

[]

[]

[]
[]
[]



21. Please indicate which language(s) you generally use in the following situations:

Home

School

Work

Social
activities (e.g.,
at the movies)

Extracurricular
activities (e.g.,
hobbies,
sports,
volunteering)

Shopping/Rest
aurants/

other
commercial
services

Health care
services/
Government/
Banks

All
English

[]

[]

[]
[]

[]

[]

[]

Mostly
English

[]

[]

[]
[]

[]

[]

[]

Half English
half other
language

[]

[]

[]
[]

[]

[]

[]

Mostly the  Only the

other other
language  language
[1] [1]
[1] [1]
[1] [1]
[1] [1]
[1] [1]
[1] [1]
[1] [1]

60



22. Please indicate which language(s) you generally use for the following activities.

All Mostly  Half Mostly  Only the
English  English  English the other  other
half other  language language

language
Reading [1] [1] [1] [1] [1]
Emailing [1] [1] [1] [1] [1]
Texting [1] [1] [1] [1] [1]
Social Media
(Instagram,
Tiktok, etc) L1 01 L1 L] L]
Writing [1] [1] [1] [1] [1]
shopping lists,
notes, etc.
Watching TV/
listening to the
radio (11l (1 Il
Browsing the [ ] [1] [1] [1] [1]

internet
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23. Some people switch between the languages they know within a single conversation
(i.e., while speaking in one language they may use sentences or words from the other
language). This is known as “language-switching”. Please indicate how often you engage
in language-switching. If you do not know any language(s) other than English, please
leave this section blank.

Never Rarely Sometimes  Frequently Always

With Family [ ] [ ] [] [ 1] [ 1]
Members

With Friends [ ] [1] [1] [] []

On Social

R & IR S I [] []

Tiktok, etc.)

Thank you for participating!
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Appendix B

Backward Version of the Digit Span

There will be four practice trials to ensure the participant understands the instructions.
PT 1: I say “7,2,9”. The participant must say “9,2,7”.

PT 2: I'say “3,8,1”. The participant must say “1,8,3”.

PT 3: I'say “3,4,1,6”. The participant must say “6,1,4,3”.

PT4: I say “2,8,5,9”. The participant must say “9,5,8,2”.

Each of the testing trials will consist of three sets of numbers. If a participant answers the
first set correctly, they may proceed to the next trial. However, if a participant answers
the first set incorrectly, they must answer either the second or third set correctly in order
to proceed. Failing to answer all three sets incorrectly will result in termination of the

task.

Trial 1- Three Digits

a). I say “6,9,4”. The participant must say “4,9,6”.
b). I say “5,9,2”. The participant must say “2,9,5”.
c). I say “8,0,9”. The participant must say “9,0,8”.
Trial 2- Four Digits

a). I say “9,7,3,8”. The participant must say “8,3,7,9”.



b). Isay 1,6,5,0”. The participant must say “0,5,6,1”.

c). I say “2,5,8,6”. The participant must say “6,8,5,2”.

Trial 3- Five Digits

a). I say “0,5,7,1,3”. The participant must say “3,1,7,5,0”.

b). I say “8,6,4,1,2”. The participant must say “2,1,4,6,8”.

c). I'say “3,0,9,5,7”. The participant must say “7,5,9,0,3”.

Trial 4- Six Digits

a). I say “9,6,8,2,1,7”. The participant must say “7,1,2,8,6,9”.

b). I say “4,5,3,8,0,1”. The participant must say “1,0,8,3,5,4”.

c). I say “8,4,9,6,3,7”. The participant must say “7,3,6,9,4,8”.

Trial 5- Seven Digits

a). I say “6,1,9,8,5,4,2”. The participant must say “2,4,5,8,9,1,6”.

b). I say “9,4,0,7,3,8,1”. The participant must say “1,8,3,7,0,4,9”.

c). I'say “2,8,7,3,0,1,9”. The participant must say “9,1,0,3,7,8,2”.

Trial 6- Eight Digits

a). I say “6,9,0,4,8,1,5,3”. The participant must say “3,5,1,8,4,0,9,6”.

b). I say “0,7,9,1,5,3,8,4”. The participant must say “4,8,3,5,1,9,7,0”.

c). I say “6,3,1,7,0,4,2,8”. The participant must say “8,2,4,0,7,1,3,6”.
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Trial 7- Nine Digits

a). I say “7,9,4,8,6,2,1,0,3”. The participant must say “3,0,1,2,6,8,4,9,7”.

b). I say “8,5,2,0,7,5,1,3,6”. The participant must say “6,3,1,5,7,0,2,5,8”.

c). I say “7,0,2,5,1,3,9,4,0”. The participant must say “0,4,9,3,1,5,2,0,7”.

Trial 8- Ten Digits

a). I say “9,5,6,3,1,4,8,5,0,2”. The participant must say “2,0,5,8,4,1,3,6,5,9”.

b). I say “8,7,5,2,1,3,9,0,6,7”. The participant must say “7,6,0,9,3,1,2,5,7,8”.

c). I'say “7,3,1,4,5,6,0,8,9,1”. The participant must say “1,9,8,0,6,5,4,1,3,7”.
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Appendix D

Trial Sequences of the Picture Span Test

(Originally developed by Tanabe & Osaka, 2009)

Trial

Number of Scenes (per set)

Examples

Practice

1

Ex 1- 1 (congruent)
Ex 2- 1 (incongruent)

PT 1- 1 (congruent)
1.1- 2 (1 congruent, 1 incongruent)
1.2- 2 (1 congruent, 1 incongruent)
2.1- 3 (2 congruent, 1 incongruent)
2.2- 3 (1 congruent, 2 incongruent)
3.1- 4 (2 congruent, 2 incongruent)
3.2- 4 (2 congruent, 2 incongruent)
4.1- 5 (2 congruent, 3 incongruent)
4.2- 5 (3 congruent, 2 incongruent)
5.1- 6 (3 congruent, 3 incongruent)
5.2- 6 (3 congruent, 3 incongruent)
6.1- 7 (3 congruent, 4 incongruent)

6.2- 7 (4 congruent, 3 incongruent)
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