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Abstract
Objective. To evaluate subjective cognitive decline (SCD) as a predictor of objective cognitive
performance in monolingual and bilingual older adults and to examine differences in SCD and
objective performance between both samples. It is hypothesized that bilinguals will show
stronger performance on executive function tasks, episodic memory tasks and weaker
performance on language tasks, while also displaying lower levels of SCD, relative to
monolinguals. Methods. Participants consisted of older adults, aged 65 years and older, fluent in
both English and French. Bilingualism was measured using a 5-point Likert scale (1=no ability
and 5=native likeability) to measure language proficiency. SCD was measured using 3 yes/no
questions assessing concentration, memory problems and word-finding difficulties. Objective
performance was assessed in areas of executive function, working memory, episodic memory
and language using tasks: The Stroop task, BNT, CVLT II and the LNS task. Two independent
sample t-tests were used to examine differences in SCD and objective performance in both
samples and several linear regressions analyses were conducted separately for both the
monolingual and bilingual sample to evaluate SCD as a predictor of objective performance.
Results. In the bilingual sample, SCD in language demonstrated to predict objective
performance on the CVLT II task. In the monolingual sample, SCD in memory and language
demonstrated to predict objective performance on the LNS task. Conclusion. These findings
suggest there are significant differences in objective performance between both samples and that
SCD is a predictor of objective performance in both bilingual and monolingual samples, but
further research would need to be conducted.

Keywords: bilingualism, subjective cognitive decline, objective performance
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Introduction

Bilingualism has been on the rise in Canada since the 1960s (Statistics Canada, 2016).
In 2016, the English-French bilingualism rate stood at 17.9%, which has been the highest
percentage that the bilingualism rate has been in Canada since 1961, when it was just 12.2%
(Statistics Canada, 2016). The population of bilingual individuals in Canada had risen from
5.8 million in 2011, to 6.2 million in 2016, an increase of 420,495 individuals (Statistics
Canada, 2016). This growth in the bilingual demographic of the population was the highest
increase that the entire population ever saw between 2011 and 2016 (Statistics Canada, 2016).

Over 50% of the world’s population is bilingual and research has indicated that
bilingualism not only buffers age-related cognitive decline by contributing to an individual’s
cognitive reserve, but is linked to increased cognitive functioning in the areas of inhibition,
executive function, attention and shifting (Bialystok, 2007; Bialystok & Craik, 2010; Kousaie
et al., 2014; Perani & Abutalebi, 2015; Quinteros Baumgart & Billick, 2018). A significant
amount of research has indicated that proficiency in two languages reduces the impact of
cognitive decline that is related to aging (Bialystok & Craik, 2010; Kousaie et al., 2014;
Kousaie & Phillips, 2017).

Research in the field of cognitive aging is important because of the current and future
population trends estimated for older adults in Canada. The Canadian population has seen the
largest increase in older adults ages, 65 and older, in 70 years, since 2011 (Kousaie et al.,
2014; Statistics Canada, 2017). It is estimated that by 2031, one in four Canadians will be
over the age of 65 and by 2061, the older adult population in Canada will have reached 12
million (Kousaie et al., 2014; Statistics Canada, 2017). Dementia trends have also been on the

rise in Canada, where in 2011, it was estimated that 747,000 Canadians were living with
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dementia (Vogel, 2014). That number is expected to double to 1.4 million in the next two
decades (Vogel, 2014).

Many older adults report expressing negative views towards aging due to experiencing
age-related cognitive decline in the areas of memory and other cognitive abilities (Crumley et
al., 2014; Perani & Abutalebi, 2015). Approximately 25 to 50% of older adults report
experiencing subjective cognitive decline (SCD), which has been linked with future cognitive
decline and an increased risk of developing dementia in the near future (Langlois &
Belleville, 2014). Research has indicated that 54% of older adults with SCD have shown to
exhibit cognitive decline within 7 years of experiencing SCD, while 79% of the older adults
developed mild cognitive impairment (MCI) and 21% developed dementia (Langlois &
Belleville, 2014).

Older adults with SCD are at increased risk of developing dementia, yet lifelong
bilingualism has been observed to possibly delay the onset of dementia and cognitive decline
by 4-5 years, which is 3-4 years later than in monolingual older adults (Bialystok et al., 2007,
2010; Bialystok & Craik, 2010; Perani & Abutalebi, 2015). Studies have proven that
bilingualism has been associated with delaying postponing the onset of MCI by 4.5 years
when compared to monolinguals, thereby further lessening the incidence of any future
development of dementia (Quinteros Baumgart & Billick, 2018). Lifelong bilingualism has
shown to potentially be linked to delayed development of clinical symptoms that are related to
cognitive decline and as well as a delayed onset of dementia (Perani & Abutalebi, 2015).

Bilinguals and Objective Cognitive Performance
Bilingualism can be described as an equal or almost equal mastery of two languages

that is used by an individual throughout their life (Quinteros Baumgart & Billick, 2018).
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Research conducted on individuals speaking two languages daily since childhood has
demonstrated to diminish age-related cognitive decline that is related to control processes
(Gold et al., 2013). Previous research has shown that switching routinely between two
languages increases an individual’s ability to efficiently shift between two different tasks and
processes that are related to executive control (Gold et al., 2013; Luo et al., 2013). Bilingual
older adults have shown to exhibit strengthened cognitive control and attention, which has
been linked to improved mental health among the older adult population (Bialystok et al.,
2007; Perani & Abutalebi, 2015). Studies have also proven that lifelong management of two
languages for bilinguals has been associated with a possible advantage against age-related
cognitive decline concerning inhibitory processes (Adesope et al., 2010; Bialystok et al.,
2004). It can be inferred that, as a result, other cognitive domains have also been impacted
regarding individuals’ attention with respect to tasks that require cognitive control, thus
demonstrating better attentional control (Adesope et al., 2010; Bialystok et al., 2004).
Bilingualism is a lifelong experience where executive processes are routinely used for
attentional control in the management of two language systems, leading to improvements in
other cognitive domains and even domains that have very little connection to linguistic
performance (Bialystok, 2007).

Executive Function

Executive function refers to a higher-level set of cognitive skills that help to control

and coordinate other cognitive abilities such as inhibition, task switching, working memory
(WM) and attention, all of which are important for everyday functioning (Hill et al., 2012;
Kousaie et al., 2014). Research has indicated that executive function has a constant role of

reviewing and monitoring any cognitive processes that have been initiated to ensure their
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success (Schofield & Ashman, 1986). Executive function mechanisms receive information
from both coding processes in the sequence that allows for goals, as well as planning and
examining strategies, before any action is initiated (Schofield & Ashman, 1986). Even though
each cognitive process within executive function seems to be independent of one another,
there is an interdependence of cognitive processes amongst each other since planning and
decision making processes are reliant on both coding processes, but can facilitate their own
synthesis for the demands of a task on their own, apart from one another (Schofield &
Ashman, 1986).

Bilingualism has demonstrated that it provides an advantage to older adults,
specifically in executive function (Bialystok et al., 2008; Perani & Abutalebi, 2015; Quinteros
Baumgart & Billick, 2018). Bilingual individuals have performed at a higher level on
executive function tasks than monolingual individuals, displaying executive control that is
more flexible, robust and skillful (Kousaie et al., 2014). Researchers have suggested that these
advantages in executive function in bilinguals are due to the continual practice of these
processes which control attention of the different language systems (Bialystok, 2007). These
advantages in executive control have also shown to extend to memory tasks, with regard to
those involving recollection (Perani & Abutalebi, 2015). Older adults appeared to be
protected against age-related decline in the areas of controlled attention, inhibition and
shifting by adding to their cognitive reserve, due to their bilingual capabilities (Perani &
Abutalebi, 2015; Quinteros Baumgart & Billick, 2018). Furthermore, older adult bilinguals
have proven gains in tasks that are highly demanding such as in the Stroop task where there

are many different congruent conditions (Anton et al., 2016). One example is that bilinguals
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displayed faster reaction times than monolinguals (Anton et al., 2016; Kousaie & Phillips,
2012).

Research has theorized that continuous control by bilinguals of two language systems
leads to smooth usage of executive control processes, via bilinguals continuously shifting
between languages, and by suppressing one language system when the other one is in use
(Kousaie et al., 2014; Pelham & Abrams, 2014). This allows bilinguals to activate and use
both language systems simultaneously, calling on not only executive control processes but
also memory processes, which further calls on attentional control processes and the processes
related to switching between both language systems (Ljungberg et al., 2013). The
combination of these functions is contributing to the advantage which bilingual individuals
exhibit (Ljungberg et al., 2013).

Another advantage has emerged for older adults due to being bilingual with respect to
switching between different cognitive tasks, where bilingual individuals have shown to
display faster response times for switching between tasks than monolingual individuals (Gold
et al., 2013). It is theorized that bilingual individuals may be more equipped to switch
between different cognitive tasks than monolingual individuals, because they would need less
effort to shift from one task to another (Lopez Zunini et al., 2019). Studies have suggested
that older adult bilinguals may rely on automatic strategy, while older adult monolinguals
may rely on controlled processing strategies to switch between different cognitive tasks
(Lopez Zunini et al., 2019).

Bilinguals have shown an advantage in cognitive tasks that require attentional control,
leading to proof that bilingualism contributes to improved attention and cognitive control

(Bialystok et al., 2007). Evidence has indicated that when individuals use two different
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languages, a system is required to suppress any interference from the competing language and
control the attention of the language that is in use (Adesope et al., 2010; Bialystok et al.,
2007).This processing demand results in bilinguals displaying greater attentional control than
monolinguals (Bialystok, 2011; Bialystok et al., 2007). The increase in attentional control is a
result of bilinguals having to correctly select all the linguistic criteria that fits both the form
and meaning of the information that is being presented in the target language, and not in the
competing language (Bialystok, 2009). The system that is necessary to manage the regular use
of two languages is executive control, which requires bilinguals to use attentional control
mechanisms to sustain attention on the target language and manage interference from the non-
target language (Adesope et al., 2010; Kousaie et al., 2014; Kousaie & Phillips, 2012).
Previous research has shown that both languages in bilinguals are simultaneously
activated even when only one language is needed (Adesope et al., 2010; Bialystok et al.,
2004; Kousaie & Phillips, 2012). This constant activation of both language systems in
bilinguals has shown to be the component underlying the advantage (Kousaie et al., 2014;
Kousaie & Phillips, 2012). Due to the constant use of these cognitive functions, these
mechanisms are said to develop much earlier on in bilinguals and decline much later on in life
compared to monolinguals (Kousaie & Phillips, 2012). The nonrelevant language is said to be
repressed using similar executive function processes used to manage attention and inhibition
(Bialystok et al., 2004). This constant practice of inhibitory control has shown to possibly
generalize to other cognitive domains (Bialystok et al., 2004). Older adults who have been
bilinguals since early childhood have shown to have better attention when given tasks that
require cognitive control (Adesope et al., 2010). This may be due to the individuals being

bilingual early on in their lives, which possibly influenced control processes throughout their
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life spans (Bialystok et al., 2004). These advantages may also be due to lifelong bilinguals
having regular use of processes to control attention of two language systems, leading to
declines in these processes that are less severe and more gradual (Bialystok, 2007). Evidence
suggests that bilinguals are able to also have better control of their attention in both verbal and
non-verbal tasks compared to monolinguals (Adesope et al., 2010; Bialystok, 2009). In
Bialystok’s (2007) study on the cognitive effects of bilingualism, monolingual participants
who were 60 years and older, displayed longer reaction times to different tasks examining
executive function, inhibitory control and attention compared to bilinguals. This study
demonstrates the protection that bilingualism provides older adults by slowing down the rate
of decline of their attentional processes (Bialystok, 2007).

In the present thesis, executive function is measured using the Stroop task. This task is
able to measure inhibition of irrelevant information by the process of interference
suppression, which is known as the Stroop interference effect (Kousaie & Phillips, 2012). It
refers to the increase in response time (RT) for incongruent trials compared to the congruent
trials (Kousaie et al., 2014).

The Stroop task also allows the bilingual advantage to be assessed by presenting
participants with misleading information in the incongruent trial (Bialystok et al., 2004).
Participants must make a choice between the conflicting information in order to choose the
correct response, which tests participants’ selective attention, inhibition to misleading
information and their ability to switch between different options (Bialystok et al., 2004).
Bilinguals have shown in previous studies to outperform monolinguals on the Stroop task,
demonstrating smaller interference effects (Coderre et al., 2013).

Working Memory
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Working memory as a concept has evolved over time, originally being recognized as a
peripheral system, using attentional control processes to manage both the input and responses
to the information that is being observed (Luo et al., 2013). Lately in the literature, both
verbal and spatial WM have been shown to be independent aspects of WM and differences in
both abilities have been a result of the WM system’s ability to manage the different types of
material being observed (Luo et al., 2013). WM contains both attentional and executive
function processes that are domain-general and depending on the aspects of the task being
performed, WM has also domain-specific abilities (Luo et al., 2013). Therefore, it is
demonstrated that any differences in WM and span performance would be a reflection of
differences in attentional control and relevant knowledge domains (Luo et al., 2013).

WM has also been shown to have two components (Myerson et al., 2003). The first
component is the storage component, which is specified based on the type of information the
WM processes are being presented, (e.g., visuospatial or verbal) (Myerson et al., 2003).
Within the storage component are two subsystems called the phonological loop and the
visuospatial sketchpad (Donolato et al., 2017). The phonological loop provides short-term
storage for speech material and is further composed of two subsystems: a passive
phonological input store and an active articulatory rehearsal process (Hester et al., 2004).
These two subsystems are connected via an executive system that consolidates and
manipulates the information that is present (Donolato et al., 2017). The second component of
WM is the processing component (Myerson et al., 2003). This component is focused on
selecting, manipulating and strategizing the information that is in the storage components
(Myerson et al., 2003). Both components of WM are affected by the aging process (Myerson

et al., 2003). There is also shown to be a central executive, also known as an attentional
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control system, that is a part of WM which is in charge of the selection, control and
synchronizing of the processes that are responsible for short-term storage and other
processing tasks (Hester et al., 2004).

Information that is held in WM tends to be shaped, reconstructed and revised by active
executive functions or controlled attention (Luo et al., 2013). Research has indicated an
overlap in executive function and WM processes and bilingualism has shown to provide an
advantage in executive function for older adults (Bialystok et al., 2008). The constant
management of two language systems has shown increases in the efficiency of WM capacities
in bilinguals, as inhibitory processes are an appropriate way to manage WM resources
(Adesope et al., 2010). Studies have demonstrated that by bilinguals using two different
language systems, it is important to have control of their working memory processes to ensure
they are using all of their working memory resources (Bialystok et al., 2008). By using all of
their working memory resources more frequently, this could potentially lead to improved
resources for other cognitive processes, potentially leading to improved function (Bialystok et
al., 2008). In the study, Wodniecka, Craik, Luo & Bialystok (2010), bilinguals showed having
an advantage on verbal tasks involving familiarity and recollection of words and it was
concluded the advantage was related to retrieval processes placing higher demands on
executive control processes (Ljungberg et al., 2013).

In this present thesis, working memory is measured using the Letter/Number
sequencing task. An advantage to using the Letter/Number Sequencing task is the ability to
assess an individual’s maintenance and storage components of their WM (Wilde et al., 2004).
Span tests utilizing an individual’s memory like the Letter/Number Sequencing task has

shown to be a measure that 1s able to examine both individuals’ intellectual and information
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processing abilities (Schofield & Ashman, 1986). As indicated in the study by Schofield &
Ashman (1986), a forward digit span test, and similar to the Letter/Number Sequencing task,
is a test that measures sequential processing.

Due to the fact that the Letter/Number Sequencing test places a higher value on the
individual’s ability to manipulate information, the Letter/Number Sequencing task allows a
more sensitive test to determine the effects of aging on the processing components of WM
(Myerson et al., 2003). As the phonological loop, which is a part of WM, is able to keep a line
of verbal items in a short-term order, the Letter/Number Sequencing task is a good task to
measure working memory processes since the Letter/Number Sequencing task asks
participants to repeat letters and numbers in a forward order for a short period of time (Hester
et al., 2004). One disadvantage of using the Letter/Number Sequencing task is due to
information being presented repeatedly in the forward order with each string length, the
individual is getting additional exposure to the information that is being presented, which
could possibly impact the score (Wilde et al., 2004). Research has indicated that a
disadvantage to using a forward digit span test, similar to the Letter/Number Sequencing task,
is poor performance on this task, which could be a result of sequential processing deficit and
not be due to deficits in executive functioning (Schofield & Ashman, 1986). Other research
has demonstrated that differences that are showcased on digit span tests, similar to the
Letter/Number Sequencing task can, likely to be due to processing or planning deficits and
once again not be due to the individual’s deficits or declines in executive function (Schofield
& Ashman, 1986).

Episodic Memory
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Episodic memory is a cognitive process that is characterized by its relation between
events and context and composes memories based on the information displayed for specific
experiences (Eichenbaum, 2017). Research has indicated that bilinguals have outperformed
monolinguals in episodic memory tasks (Rosselli et al., 2019). Other studies report that
bilinguals’ abilities to recall information on episodic memory tasks can vary depending on the
degree of bilingualism of the individual and the language in the list of items is presented
(Harris et al., 1995). Nott and Lambert (1965) indicated that French/English bilinguals who
reported equal proficiency in both languages recalled 3.4 more words per list than individuals
who were proficient in either English or French but not both (Harris et al., 1995).

In the present thesis, episodic memory is assessed using the California Verbal
Learning Test (CVLT II) (Harris et al., 1995). An advantage to using the CVLT II task is that
it measures both memory and verbal learning by specifically analyzing the learning process
(Randolph et al., 1994). It allows researchers to distinguish individuals’ problems in encoding
verbal information compared to problems in the retrieval of verbal information (Sciaraffa,
1995). Research has indicated that studying the process of how an individual performs on a
task demonstrates more valuable information than a task that just generates a score that
represents the level of the individual’s learning and remembering abilities (Sciaraffa, 1995).

One issue that the studies have uncovered when using CVLT I, is that when the task
is not properly standardized and it has a relatively small reference group, the norms of the task
are inadequate and inflated (Elwood, 1995). Other research has stated that sensitivity of the
CVLT II comes at an increased possibility for creating false positives as the memory
problems that are indicated may be due to a temporary difficulty in attention and

concentration (Sciaraffa, 1995). Never having words presented to individuals, following
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another word from the same semantic category, does present a limitation regarding what
information can be gathered about an individual by using the CVLT II (Sciaraffa, 1995).
Language

Studies have shown that bilinguals have displayed possible disadvantages in language
function tasks compared to monolinguals (Bialystok & Craik, 2010; Kousaie et al., 2014;
Quinteros Baumgart & Billick, 2018). Disadvantages have been documented in verbal recall,
which may be attributed to bilinguals having less access to particular words from having two
different language vocabularies, creating weaker connections between words and concepts
(Bialystok, 2009; Bialystok et al., 2004). Bilinguals have shown to have slower lexical
retrieval and rapid lexical access in response to the disadvantages (Bialystok & Craik, 2010;
Kousaie et al., 2014; Quinteros Baumgart & Billick, 2018). Deficits in lexical retrieval and
language proficiency in bilinguals have been demonstrated in areas of retrieval of specific
lexical items and their representational base (Bialystok, 2009). In addition, research has
proven that bilinguals display slower lexical retrieval in accessing words in their nondominant
language compared to monolinguals (Pelham & Abrams, 2014).

Smaller vocabulary sizes in each language system have also been documented in
bilinguals, possibly being linked to the disadvantage for bilinguals along with interference
from the non-target language (Bialystok, 2009; Ljungberg et al., 2013; Quinteros Baumgart &
Billick, 2018). These smaller vocabulary sizes have led bilinguals to demonstrate slower
identification of pictures on picture-naming tasks, score lower on semantic fluency tasks than
monolinguals and decrease performance on tasks involving word recall (Bialystok, 2007;

Ljungberg et al., 2013; Patra et al., 2020; Quinteros Baumgart & Billick, 2018). Bilinguals
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have shown to have more “tip of the tongue” experiences than monolinguals (Quinteros
Baumgart & Billick, 2018).

On tasks involving lexical retrieval, verbal fluency or picture naming, bilinguals have
performed worse than monolinguals in their first language (Coderre et al., 2013). The study
by Coderre et. al., (2013) indicated the disadvantage reported by bilinguals is due to non-
selective access to a unified lexicon. Having two or more lexicons activated at the same time
increases competition between lexical candidates (Coderre et al., 2013). This hinders lexical
access, which results in a disadvantage in performance for bilinguals compared to
monolinguals (Coderre et al., 2013).

The Weaker Link Hypothesis associates the disadvantage for bilinguals to be linked
between language production and the reoccurring use of the language (Coderre et al., 2013).
Bilinguals use both their primary language and secondary language less often, resulting in
weaker links between words and concepts (Coderre et al., 2013). Weaker links result in
slower lexical access which would demonstrate longer response times in tasks examining
lexical access (Coderre et al., 2013). As bilinguals use their primary language less often than
monolinguals, bilinguals will display slow lexical processing even for their primary language
(Coderre et al., 2013). The Reduced Frequency Hypothesis also predicts slow lexical access in
bilinguals’ non-dominant language (Coderre et al., 2013). In previous research, their
secondary language as bilinguals demonstrates less frequent use of their secondary language
compared to the primary language (Coderre et al., 2013). The Reduced Frequency Hypothesis
also projects delayed lexical access in bilinguals’ second language compared to their first
language as a result of the second language being used less often (Coderre et al., 2013).

Research has shown as bilinguals also do not use their first language as often as
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monolinguals, the Bilingual L1 Lexical Disadvantage Hypothesis anticipates bilinguals to
demonstrate slow lexical processing in their first language (Coderre et al., 2013).

In the bilingual lexicon, pathways that are responsible for the associative networks
between concepts and words would be distributed between two languages which would make
the associations between each language less fluid and less practiced in bilinguals (Bialystok,
2009). These disadvantages could also be dependent on the age of acquisition of the
bilinguals’ second language (Patra et al., 2020). Bilinguals display significant lexical
competition as both languages are consistently activated when language processing is
occurring (Patra et al., 2020). This lexical competition could be an indicator of bilinguals’
poorer performance on language function tasks as compared to monolinguals (Patra et al.,
2020). Bilinguals have also shown to have more tip of the tongue experiences, indicating that
bilinguals have a difficult time to identify words through noise, causing bilinguals to
encounter interference with their lexical decision (Bialystok, 2009).

Bilinguals have shown to display a disadvantage in picture naming tasks, naming
pictures more slowly and less accurately in their dominant language than monolinguals
(Coderre et al., 2013; Pelham & Abrams, 2014). This disadvantage could be a result of a
wide-range access to a combined bilingual lexicon (Coderre et al., 2013). The presence of
more than one lexicon being activated at the same time is said to create competition and
interactions between possible lexical candidates, slowing down the process of lexical access,
proceeding to a performance disadvantage for bilinguals compared to monolinguals (Coderre
etal., 2013).

Bilinguals have also shown to take longer on picture naming tests such as the Boston

Naming Test (BNT), a task where participants are asked to name the picture in front of them
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that increases in difficulty as the task goes on (Bialystok, 2009; Kousaie et al., 2014).
Monolinguals have demonstrated to outperform bilinguals in both areas of accuracy and
response time in BNT, even when bilinguals are tested in their dominant language (Medvedev
et al., 2019). Bilinguals have demonstrated scoring lower than monolinguals and even at
lower levels of difficulty on the BNT, bilinguals showed a decline in performance (Medvedev
et al., 2019; Quinteros Baumgart & Billick, 2018).

The BNT is the best widely known neuropsychological test that evaluates individuals’
language function including word-naming and word retrieval (Ekinci Soylu & Cangéz, 2018).
BNT has been known to be an adequate tool that detects cognitive impairment and word-
finding difficulties (Harry & Crowe, 2014; Hobson et al., 2011). Despite the advantages, BNT
has been criticized for inadequate norms and standardizations and having a non-normal
scoring distribution that is negatively skewed due to ceiling effects (Durant et al., 2021;
Medvedev et al., 2019). Due to these non-normal scoring distributions, the BNT may be
beneficial for detecting impairments in word naming but may be less efficient in determining
different levels of word-finding abilities or distinguishing between levels of impairment
(Durant et al., 2021). Another limitation of the BNT could be that due to the scores clustering
around the mean, the test could be considered a pass or fail test (Hawkins & Bender, 2002).
This creates uncertainty as normal individuals with small vocabularies do tend to score
significantly lower than individuals who are average or above (Hawkins & Bender, 2002).

Bilinguals and Subjective Cognitive Decline

Subjective Cognitive Decline can be described as repeated expressions of

forgetfulness often in areas of cognition that are problematic for individuals (Montejo

Carrasco et al., 2017). SCD has shown to be common among older adults, where research has
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indicated that one in three older adults aged 75 years and older experience SCD (Riedel-
Heller et al., 1999). It has been demonstrated that older adults’ beliefs regarding their
cognition has shown to impact and potentially intensify any SCD that older adults might
already have (Fritsch et al., 2014). SCD in memory has demonstrated to be the most frequent
subjective complaint that older adults have regarding their health and functionality (Blazer et
al., 1997). The presence of SCD has been shown to be linked with reduced quality of life and
mental health among older adults and be the earliest stage of pathologic cognitive decline that
is detected in older adults (Mitchell et al., 2014; Smart et al., 2014). SCD has been related to
other conditions that affect older adults such as depression, anxiety, problems regarding
physical health and chronic diseases (Rabin et al., 2015).

Studies have shown that SCD not only predicts older adults’ future cognitive abilities
related to their potential for cognitive decline but it has also shown to be an indication of older
adults’ current well-being (Mitchell et al., 2014). Research has indicated that older adults who
worry significantly regarding their cognitive function are more likely to experience dementia
over the following four years, compared to older adults who displayed no worries regarding
their cognitive function (Snitz et al., 2015). As SCD impacts many different factors in an
older adult’s overall well-being, it demonstrates the importance of examining SCD levels in
older adults and paying close attention to any potential increases (Reid & Maclullich, 2006).

A study performed by Fritsch and colleagues (2014) assessed SCD in older adults
based on their own perception of their cognitive abilities and asked participants to classify
their memory problems based on whether the memory problem was serious, somewhat of a
problem or not much of a problem. Currently, in the literature, the identification of SCD has

been solely reliant on individuals’ self-reporting their difficulties relating to cognitive
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functioning (Smart et al., 2014). Research has indicated that individuals who self-report their
shortcomings in cognitive function increase the possibility of experiencing future cognitive
decline (Macoir et al., 2019).

Previous studies have indicated that having a higher level of education can lead the
individual to be more resourceful in utilizing memory strategies to counteract deficits in their
cognition, giving the individual an overall better understanding of their memory abilities
(Crumley et al., 2014). Research has indicated that lifelong bilinguals have an advantage due
to bilingualism providing an advantage in helping bilinguals maintain their cognitive
performance, reducing age-related declines in their cognitive processes (Gold et al., 2013).
Bilingual individuals have shown to have the ability to suppress the non-target language,
which has demonstrated to possibly lead to improved executive function (Anton et al., 2016;
Gold et al., 2013).

Executive Function

Many different studies have indicated that an overall decline in cognitive functioning,
specifically in the area of attentional control, could possibly result in an increase in subjective
cognitive decline due to the sensitivity of declines in attention capacity in the early stages of
individuals’ cognitive decline (Fritsch et al., 2014; Langlois & Belleville, 2014; Smart et al.,
2014). Attentional control has also shown to provide support to other cognitive domains such
as memory, however, bilingualism seems to provide a potential advantage for tasks specific to
controlled attention due to the usage of two language systems (Adesope et al., 2010;
Bialystok, 2007, 2011). Also, the individual requires greater attentional control to suppress
the interference from the language that is not in use and focus on the language that is being

used (Adesope et al., 2010; Bialystok, 2007, 2011). If older adults are having difficulty with
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their basic attention capacity, this could potentially lead to affecting their ability to encode
new information, as well as their ability to merge and recall that information, possibly leading
to memory declines (Smart et al., 2014). However, advantages have been demonstrated in
bilinguals (Perani & Abutalebi, 2015; Smart et al., 2014). For example, as their executive
function system is constantly being used, it increases its effectiveness, leading to both
advantages in attentional control, which could potentially lead to advantages in memory, as
the executive function system is possibly preventing declines in attention, since memory
problems have been shown to be a result of impaired attention (Perani & Abutalebi, 2015;
Smart et al., 2014).

Older adults who engage in executive function tasks more frequently have shown to
potentially demonstrate an increase in SCD in areas of executive function (Fritsch et al., 2014;
Langlois & Belleville, 2014). On the other hand, bilingualism has shown to provide a possible
advantage in areas of executive function due to bilinguals having two different language
systems (Bialystok, 2009; Kousaie et al., 2014). As a result, more efficient use of executive
function control processes arises to enhance attentional control of the one language system,
while suppressing interference from the other language system, leading to enhancements of
other cognitive function processes (Bialystok, 2009; Kousaie et al., 2014).

Language

Bilinguals have demonstrated in many different studies’ possible disadvantages in
language function tasks compared to monolinguals, indicating that bilinguals show a slower
rate of identifying pictures on picture naming tasks, similarly to the BNT and objective
performance tasks that include word recall, similarly to CVLT II (Bialystok, 2007; Bialystok

et al., 2010; Kousaie et al., 2014; Ljungberg et al., 2013; Patra et al., 2020; Quinteros
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Baumgart & Billick, 2018). On the other hand, this could possibly indicate that monolinguals
would show faster rates on picture naming tasks and showcase an increase in performance on
objective performance tasks involving word recall, leading to potentially monolinguals
displaying less SCD in language function tasks compared to bilinguals, thus pointing to a
significant difference.
Subjective Cognitive Decline as a predictor of Objective Performance in Bilinguals and
Monolinguals
The purpose of the following study was to evaluate SCD as a predictor of objective
cognitive performance in monolingual and bilingual older adults and compare differences in
subjective cognitive decline and objective performance in both samples. The current literature

presents significant gaps regarding evaluating SCD being a predictor of objective

performance in bilingual and monolingual older adults and comparing differences in SCD

and objective cognitive performance between the two samples. There is a limited number of

research studies that have looked at SCD being a predictor of objective performance in
bilingual and monolingual samples and comparing differences in SCD and objective
performance between both samples, using a range of psychometric measures. Comparing
differences and evaluating SCD as a predictor of objective cognitive performance in bilingual
and monolingual older adults will demonstrate the possible significant advantages that
bilingualism could have on older adults and provide new information on their cognitive
functioning. Such new insight could help older adults maintain their cognitive functioning for
a long period of their lifespan, which would have both social and economic benefits (Perani &

Abutalebi, 2015; Quinteros Baumgart & Billick, 2018). As the older adult population is the
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fastest-growing demographic in Canada and the bilingualism rate in Canada has reached an
all-time high, this is an immensely important area of research (Statistics Canada, 2017).

Previous research has indicated that bilinguals have demonstrated an advantage in
executive function and since there is an overlap between executive function and WM
processes, bilinguals have also shown a possible advantage in working memory relative to
monolinguals (Bialystok et al., 2008; Perani & Abutalebi, 2015; Quinteros Baumgart &
Billick, 2018). The evidence suggested that bilinguals performed better on episodic memory
tasks than monolinguals (Rosselli et al., 2019). Bilinguals have also shown to have possible
disadvantages in language function tasks compared to monolinguals (Bialystok & Craik,
2010; Kousaie et al., 2014; Quinteros Baumgart & Billick, 2018). Therefore, it is
hypothesized that:

Hypothesis 1: Bilinguals will show a stronger performance on executive function

tasks, episodic memory tasks and weaker performance on language tasks, relative to

monolinguals.

Previous research has indicated that declines in the area of attention and engaging in
executive function tasks more frequently for bilinguals has led to possibly an increase in
subjective cognitive decline (Fritsch et al., 2014; Langlois & Belleville, 2014). On the other
hand, bilinguals have demonstrated an advantage in executive function due to having two
different language systems enhancing attentional control due to having to suppress one
language system, while the other language system is in use (Bialystok et al., 2008; Perani &
Abutalebi, 2015; Quinteros Baumgart & Billick, 2018). Therefore, it is hypothesized that:

Hypothesis 2: Bilinguals will show lower levels of SCD than monolinguals.

20
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SCD has been shown in previous research to be a predictor of objective cognitive
performance (Jorm et al., 2001). Studies that have examined cognitive performance in
different areas of cognitive functioning and have demonstrated an individual’s self-reported
SCD could be a significant predictor of objective performance in some areas of cognitive
function such as on memory tests (Jonker et al., 1996; Riedel-Heller et al., 1999). Moreover, a
subjective cognitive decline has shown to be a predictor of objective deficits in attention and
memory, relative to other cognitive domains (Amariglio et al., 2011; Bialystok, 2007;
Bialystok et al., 2008; Bialystok & Craik, 2010; Cargin et al., 2008; Jessen et al., 2007; Jonker
et al., 1996; Perani & Abutalebi, 2015; Quinteros Baumgart & Billick, 2018; Riedel-Heller et
al., 1999). It is therefore hypothesized that:

Hypothesis 3: In the monolingual sample, SCD will be a predictor of objective

Qerzormance.

Riedel-Heller et al., (1999) examined SCD and performance in both visual and verbal
memory tasks and found that individuals who reported more memory problems in the
different tasks scored significantly lower on those tasks, demonstrating that SCD could
potentially be a predictor of their objective performance. Other research such as the study
done by Jonker et al., (1996) examined SCD as a predictor of objective performance in older
adults without depression or dementia and found that older adults who reported SCD,
performed more poorly on cognitive tasks than older adults who did not report any SCD.
Bilinguals have shown possible disadvantages in language function tasks, these disadvantages
could possibly lead to an increase in SCD for bilinguals in language, potentially leading to

SCD being a predictor for objective cognitive performance in language function tasks
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(Bialystok & Craik, 2010; Kousaie et al., 2014; Quinteros Baumgart & Billick, 2018).
Therefore, it is hypothesized that:

Hypothesis 4: In the bilingual sample, SCD will be a predictor of objective

performance on language tasks.

Methods
Study Population
The data for this study was drawn from the Bruyéere Research Institute and an
addendum request was approved for use of the data by the Chair of the Research Ethics Board
from Bruyere Research Institute. This study was approved for secondary use of data by the
Saint Paul University Research Ethics board (REB). The study had participants complete a
series of tasks evaluating semantic function. The participants were tested in two waves: the
first wave consisted of the initial data collection of the full set of stimuli and the second wave
collected data from more sensitive stimuli that could differ between the participants. The
study was a cross-sectional design, with a convenience sample consisting of healthy older
adults ages 65 and older who have been fluent in both English and French languages since the
age of 13 or younger. Participants were of either female or male gender and their average
years of birth was 1943. Participants also had an average of 16 years of education.
Participants were included in the study if their primary spoken language was English, reported
good health and normal vision and hearing. Participants were also included in the study if
their cognitive functioning was clinically appropriate based on results from the Montreal
Cognitive Assessment, which detects mild cognitive impairment (MCI) in older adults with

high sensitivity and specificity (Nasreddine et al., 2005). Based on Montreal Cognitive
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Assessment individuals with MCI or AD would score below normal cognitive function
(<26//30) and normal range would be (= 26/30) (Nasreddine et al., 2005).

The sample was recruited from exercise classes, community centres, and
advertisements from local newspapers, supermarkets and nursing homes. Participants were
excluded from the study if they had any history of neurological or psychiatric disease, if they
met criteria for major depression, measured using the Geriatric Depression Scale or had any
significant cardiovascular diseases (Muller et al., 2007; Yesavage et al., 1982).

The data for this study was analyzed using Statistical Package for Social Science
(SPSS, Version 28), a publicly available statistical software used for many different types of
research analysis in social science. The sample of this study consisted of participants aged 65
years and older (n=183). Excluding the missing data, the final analysis of the study consisted
of 183 participants, 101 monolingual participants and 82 bilingual participants.

Bilingualism

To measure bilingualism participants gave self-reports of age of acquisition and
proficiency. Bilingualism was assessed based on self-reported language proficiency in both
English and French. Participants were asked at what age they first learned to speak English
and French and at what age they became fluent in English and French. Participants were
assessed using a 5-point Likert scale, examining an individual’s proficiency in both English
and French in four areas: reading, writing, speaking and listening. On the 5-point Likert scale,
1=no ability and 5=native likeability. Participants who indicate 5 on the Likert scale will
demonstrate a higher proficiency than participants who indicate 1.

Predictor

Subjective Cognitive Decline



Bilingualism, Subjective Cognitive Decline, and Objective Cognitive Performance 24

To assess subjective cognitive decline, participants were asked 3 yes/no questions
measuring older adult’s memory problems, which assesses their memory, word-finding
difficulties, which looks at their language function and problems with concentration, which
assesses their attentional abilities. The questions were: “Do you have memory problems?”,
“Do you have word-finding difficulties?”, and “Do you have problems concentrating?”.
Questions were divided into categories based on previous literature indicating that working
memory, attention and word-finding difficulties are areas of concern for older adults
(Langlois & Belleville, 2014). Participants indicating yes on any of the three questions would
indicate that the participant has difficulties or problems in that area of SCD. Participants
indicating no on any of the three questions would indicate that the participant has no
difficulties or problems in that area of SCD. Previous research has shown that asking one to
three general questions to access subjective cognitive decline has been a frequently used
method (Montejo et al., 2014). Other research has demonstrated the use of self-reported
questionnaires using yes and no questions to assess different areas of individuals subjective
cognitive decline has been effective and other studies have indicated that asking one question
was no more effective than using a structured question (Cargin et al., 2008; Spano et al.,
2020).

Outcome
Objective Cognitive Performance

Objective performance was assessed specifically looking at 3 areas of cognition:

language, memory and attention. Data from four neuropsychological tasks was used to

analyze older adults’ objective cognitive performance:
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1. The Stroop task was published by Stroop, (1935). This task specifically measures
individual’s executive function (Kousaie et al., 2014). The Stroop task consists of three
conditions, two congruent conditions; word reading and color naming and one
incongruent condition; color naming (Kousaie et al., 2014). Participants were presented
in each of the three conditions a sheet with 4 columns containing 30 stimuli appearing in
random order and asked to complete as many trials in 45s as possible, moving from the
first column and going downwards (Kousaie et al., 2014). In the first congruent
condition, the word naming, participants were asked to read the colored words GREEN,
RED, BLUE AND YELLOW which were presented in black writing as many times as
possible (Kousaie et al., 2014). In the second congruent condition, the colour naming,
participants were presented a line of six X’s which were either green, blue, yellow or red
and asked to name as many of the colours of the stimuli as possible (Kousaie et al.,
2014). In the third condition, the incongruent condition of the Stroop task, the colour
words red, blue, yellow and green were printed in an incongruent colour (Kousaie et al.,
2014). Each colour word appeared 10 times and participants had to identify the font
colour of as many words as possible without reading the word (Kousaie et al., 2014). A
score was generated for how many correct answers the participants got in 45 seconds in
each trial (Kousaie et al., 2014). A higher score would indicate that participants answered
more correct answers in each trial and a lower score meant that participants gave fewer
correct answers in each trial within 45 seconds. Afterwards, a Stroop interference score
was calculated by adding together the two congruent trials and subtracting the two
congruent trials from the incongruent trial of the Stroop task to eliminate any irrelevant

information in the environment that would impact the participants ability to name
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correctly the colour of the word in the incongruent trial (Kousaie & Phillips, 2012). A
lower Stroop interference score would demonstrate that participants got less correct
answers in both the congruent trials and the incongruent trial, resulting in worse
performance. A higher Stroop interference score would demonstrate that participants got
more correct answers in both the congruent trials and the incongruent trial, resulting in
better performance. Prior studies have presented the Stroop task’s reliability as a
psychometric measuring tool and effectiveness as a performance validity test (Erdodi et
al., 2018; Faulkner et al., 2020). Other studies have determined that the Stroop task has
high test-retest reliability with each condition and the color-naming times are also reliable
(Strauss et al., 2005). Furthermore, there is evidence that the responses that were
observed in the color-word format were also highly reliable (Strauss et al., 2005).
Previous studies have indicated Stroop reliability coefficients to be .86 for the word
score, .82 for the colour score and .73 for the colour-word score, which has proven by
other research studies to be within the range for high reliability scores, the reliability
coefficients ranged from (.72-.88) (Franzen et al., 1987; Jensen, 1965).

2. Boston Naming Test (BNT) published by Kaplan et al., (1983). BNT assesses
individual’s language function, by using a picture naming method, where individuals are
presented an image one by one and asked to name the item (Kousaie et al., 2014). The
task consists of a total of 60 line drawn images that are presented to participants in order
of difficulty from “easiest” to “most difficult” (Harry & Crowe, 2014; Kousaie et al.,
2014). One point was given for each image that was identified correctly (Kousaie et al.,
2014). Higher scores reflected that participants identified more images correctly,

resulting in better performance and lower scores meant that participants identified less
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images correctly, resulting in worse performance. Research has demonstrated that BNT
has both well-established validity and reliability (Harry & Crowe, 2014). Multiple studies
have reported BNT to be the most frequently used method to measure neuropsychological
function and to have an external reliability rate of 93% (Messerly & Marceaux, 2020;
Namdar Khatibani et al., 2020). BNT has demonstrated reliability that is satisfactory and
converging validity (Medvedev et al., 2019). The internal consistency of BNT ranges
from .78 to .96 and test-retest reliability scores range from .59 to .92 represented by
Cronbach’s alpha values which corresponds with other picture naming tasks (r=.59-.92)
(Medvedev et al., 2019; Strauss et al., 2006).

3. California Verbal Learning Test (CVLT II) was published by Delis et al., (2000). This
task will measure individuals’ episodic memory (Harris et al., 1995). Participants are
presented orally two 16 word lists (Hill et al., 2012). List A consists of 4 separate
semantic categories, presented with 4 words in each category, this list is presented 5
consecutive times to participants and participants are asked to recall the list after each
time presented (Delis et al., 2005; Hill et al., 2012). List B is presented a single time and
List B is used as an interference trial (Delis et al., 2005; Hill et al., 2012). An interference
list (List B) 1s subsequently presented to participants who are then asked to recall the list
of words presented (Hill et al., 2012). Once list B is presented, participants are asked to
recall List A (Hill et al., 2012). This is known as the free recall trial (Hill et al., 2012).
Afterwards, a semantic cue is given for each of the four semantic categories and
participants’ cued recall is analyzed (Hill et al., 2012). Participants’ free and cued recall
abilities are tested again in 20 minutes, followed by a recognition trial using a

combination of words that appear on List A (Hill et al., 2012).The participants then must
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answer either yes or no to the words appearing on the list (Hill et al., 2012). Participants
are scored on CVLT II by the traditional correct recall score known as the (T score)
(Delis et al., 2005). The T-score represents the total amount of words the participants
were able to recall within trials 1-5 (Delis et al., 2005). A high T-score would indicate
that participants recalled more words within 1-5 trials, demonstrating better performance
and a lower T-score would indicate participants recalled less words, demonstrating worse
performance on the CVLT II. CLVT II has proven to have high internal consistency
based on previous studies measuring split-half reliability (r=.94) in a sample of 1,087
adults aged 16-89 years old (Yochim et al., 2015). CVLT II has also proven to have
reliable internal consistency scores for both total recall and test-retest reliability based on
a subsample of 21 participants (Elwood, 1995). Previous research has indicated CVLT II
to have long-term reliability and proven to be a widely used psychometric tool in
measuring healthy older adults’ verbal learning and memory (Alioto et al., 2017).
Reliability coefficients for the CVLT II ranged from .50 to .72, which previous research
has indicated that reliability coefficients of at least .7 are acceptable, but coefficients
lower than .4 to .6 are not acceptable (Alioto et al., 2017). Other studies have concluded
that CVLT II has good discriminative validity (Elwood, 1995). CVLT II has shown to
have higher and more robust reliability coefficients than other commonly used memory
tests (Delis et al., 2007).

4. Letter/Number Sequencing task was published by Wechsler (1997). The Letter/Number
Sequencing task measures individuals’ executive function by having participants recall a
list of letters and numbers (Chen et al., 2018; Mielicki et al., 2018). The list of letters and

numbers is presented to the participant and the participant is asked to recall the list of
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numbers first, in ascending order, and then is asked to recall the list of letters in
alphabetical order (Coalson et al., 2010). There is no time limit placed on the participants
to respond (Coalson et al., 2010). The list of letters and numbers is presented to the
participant at the rate of one number and letter per second (Coalson et al., 2010). The list
of numbers is presented first to participants with 2 digits and then the string length
increases by 1 digit each time until a maximum of 9 digits has been presented in one
string length in numerical order (Kousaie et al., 2014). The list of letters is presented the
same way, where the participant is presented two letters at the beginning and the string
length increases by 1 letter each time until a maximum of 9 letters has been presented in
one string length (Kousaie et al., 2014). For each string length presented for both letters
and numbers, there are two trials where a point is given each time the string length is
done correctly (Kousaie et al., 2014). Higher scores indicate that participants identified
more string lengths correctly for both letter and number trials, resulting in better
performance. Lower scores indicate that participants identified less correct string lengths
for both letter and number trials, resulting in worse performance. The task was
discontinued as soon as a participant made an error within a trial at any string length
(Kousaie et al., 2014). The letter/number sequencing task is a part of the WM subtests of
the Wechsler Adult Intelligence Scale 111 (Wechsler, 1997). Previous studies have
indicated that the Letter/Number Sequencing task has a high validity rate as a
psychometric measure assessing an individual’s WM (Chen et al., 2018). As the
Letter/Number Sequencing task is very similar to the Digit Span test, the Letter/Number
Sequencing task is shown to have high internal consistency (Iverson, 2001). The

Letter/Number Sequencing task is also part of the WM index of the WMS-III subtests
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(Iverson, 2001). The WM index demonstrates a test-retest reliability score of 0.80 among

older adults (Iverson, 2001). Adequate test-retest reliability scores range between (0.75-

0.99) and low test-retest reliability is (<0.70) (Iverson, 2001).

Statistical analysis
Separate comparisons were conducted for both the bilingual and monolingual sample
to assess differences in subjective cognitive decline and objective performance individually,
using independent sample t-tests. The separate comparisons tested for both the first hypothesis
that stated bilinguals would show a stronger performance on executive function tasks,
episodic memory tasks and weaker performance on language tasks, relative to monolinguals.
In contrast, the second hypothesis stated that bilinguals would show lower levels of SCD than
monolinguals. To test the third hypothesis that stated, in the monolingual sample, SCD would
be a predictor of objective performance and the fourth hypothesis that stated in the bilingual
sample, SCD would be a predictor of objective performance on language function tasks. Four
linear regressions were conducted for the monolingual sample and four other separate linear
regressions were conducted for the bilingual sample. All eight linear regressions aided to
identify how each of the different domains of SCD (attention, memory and language) could be
predictors of objective cognitive performance in the monolingual and in the bilingual sample.
The variance was accounted for with each linear regression analysis that was approximated
using Nagelkerke R?. The data was analyzed using SPSS, Version 28 (SPSS, Inc., Armonk,
NY) for Microsoft Windows.
Results

Sample characteristics
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Table 1 reported the overall sample consisting of 101 (55.2%) monolinguals and 82
(44.8%) bilinguals (N=183).

In the bilingual sample, the range of years of birth of the participants was between 1954-
1931 and the average year of birth for the bilingual sample was 1945. The education level ranged
from 11 years of education up to 23 years of education and the average years of education was
17. The gender of the bilingual sample varied between 29 male and 53 female participants and
the average gender in the bilingual sample was female.

In the monolingual sample, the range of years of birth of the participants was between
1925-1953 and the average year of birth for the monolingual sample was 1942. The education
level ranged from 11 years of education up to 22 years of education and the average years of
education of the monolingual sample was 16. The gender of the monolingual sample varied
between 36 male and 65 female participants and the average gender was female.

Table 2 displays the different frequency distributions and percentages of subjective
cognitive decline in areas of attention, memory and language in the monolingual sample. Table 3
showcases the frequency distribution and percentages of overall subjective cognitive decline in
the areas of attention, memory and language in the bilingual sample.

Executive Function, Episodic Memory and Language Function Tasks
In Table 4, an independent sample t-test was conducted to determine if there was a

difference in performance for bilinguals on executive function tasks, episodic memory tasks and

on language function tasks, relative to monolinguals. Hypothesis 1: Bilinguals will show

stronger performance on executive function tasks, episodic memory tasks and weaker

performance on language tasks, relative to monolinguals. The missing data from the executive

function, episodic memory and language function tasks were excluded from the results of the
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independent sample t-test. The results in Table 4 showed that in the Stroop task, which tests an
individual’s executive function, monolinguals (M-126.7, SD=21.02) and bilinguals (M=119.1,
SD=20.30) demonstrated significant differences in scores on the Stroop task, t (173) =2.41,
p<0.05. In the BNT test, which examined language function, monolinguals (M=53.3, SD=4)
were compared to bilinguals (M=49.2, SD=6.15) which showed a significant difference between
scores, t (132) =5.05, p<0.05. In CVLT II test, which examined episodic memory, there was no
significant difference in scores t (172) =0.94, p=0.70 between monolinguals (M=56.7, SD=9.14)
and bilinguals (M=55.4, SD=9.72). In the LNS task, which tested working memory,
monolinguals (M=10.4, SD=2.36) and bilinguals (M=9.4, SD=1.80), displayed a significant
difference in scores, t (140) =2.93, p<0.05. These results conclude based on the 2 tailed p-value
that there was a significant difference between monolinguals and bilinguals in their performance
on the Stroop, LNS task and BNT. The results conclude based on the means that monolinguals
showed stronger performance on the Stroop and LNS relative to bilinguals. The results also
conclude that bilinguals showed weaker performance on the BNT than monolinguals.
Subjective Cognitive Decline

An independent sample t-test was conducted to examine differences between subjective

cognitive decline in both the monolingual and bilingual sample. Hypothesis 2: Bilinguals will

show lower levels of SCD than monolinguals. The missing data in both the categories of

memory and language was excluded from the independent sample t-test results. As displayed in
Table 5, in the category of attention, there was no significant difference in SCD between
monolinguals (M=0.12, SD=0.33) and bilinguals (M=0.10, SD=0.30), t (181) =0.46, p=0.36. In
the category of memory, there was no significant difference in SCD between monolinguals

(M=0.16, SD=0.37) and bilinguals (M=0.24, SD=0.43), t (156) =-1.31, p=0.19. In the category
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of language, there was no significant difference in SCD between monolinguals (M=0.37,
SD=0.48) and bilinguals (M=0.29, SD=0.46), t (174) =1.13, p=0.26. These results conclude
based on the 2 tailed p-value that in the categories of attention, memory and language, there is no
significant difference in subjective cognitive decline between bilinguals and monolinguals.
Subjective Cognitive Decline as a predictor of Objective Performance in Bilinguals and
Monolinguals

Table 6 shows the results of linear regression analyses that were conducted to assess
whether SCD in attention, memory or language were predictors of objective cognitive

performance in the sample of monolingual older adults. Hypothesis 3: In the monolingual

sample, SCD will be a predictor of objective performance. The linear regressions were also

performed to determine if SCD in attention, memory or language were predictors of objective

cognitive performance in the sample of bilingual older adults. Hypothesis 4: In the bilingual

sample, SCD will be a predictor of objective performance on language tasks. By examining the

p-value in the linear regression analysis, it can be determined what area of SCD (attention,
memory and language) is a significant predictor of objective cognitive performance in the
Stroop, BNT, CVLT II and LNS. The missing data for both SCD and objective performance was
excluded from the results of the linear regression analysis for both the bilingual and monolingual
samples.

The results of the regression for the monolingual sample are displayed in Table 6. These
results suggest that in the Stroop task, SCD explained 4% of the variance in objective
performance, R?=0.04, F (3,91) =1.23, p>0.05. In the Stroop task, SCD was not a significant

predictor of objective performance in the category of attention B=-5.01, t=-.69, p>0.05, in the
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category of memory B=10.38, t=1.64, p>0.05 and in the category of language B=-5.47, t=-1.15,
p>0.05.

In the BNT, SCD explained 2% of the variance in objective performance R>=0.02, F
(3,84) =0.61, p>0.05. SCD was also not a significant predictor of objective performance in the
category of attention B=1.17, t=0.78, p>0.05, in the category of memory B=0.31, t=0.24, p>0.05
and in the category of language B=-1.22, t=-1.28, p>0.05.

In the CVLT II, SCD explained 4% of the variance in objective performance, R? =0.04, F
(3,91)=1.31, p>0.05. SCD was also not a significant predictor of objective performance in the
category of attention B=4.41, t=1.40, p>0.05, in the category of memory B=2.78, t=1.01, p>0.05
and in the category of language B=-0.80, t=-0.38, p>0.05.

In the LNS task, SCD explained 11% of the variance in objective performance, R>=0.11,
F (3, 72) =3.02, p</=0.05. SCD was also not a significant predictor of objective performance in
the category of attention B=1.17, t=1.44, p>0.05. SCD was a significant predictor of objective
performance in the category of memory B=1.52, t=2.05, p<0.05 and in the category of language
B=-1.15, t=-1.99, p=0.05.

These results indicate that in the monolingual sample, SCD was not a significant
predictor of objective performance in the Stroop, BNT, or CVLT II, in any of the three
categories of attention, memory or language. But in the LNS task, SCD in memory and language
was a significant predictor of objective performance in the category of both memory and
language.

The results of the regression for the bilingual sample are displayed in Table 7. These
results show that in the Stroop task, SCD explained 4% of the variance in objective

performance, R?>=0.04, F (3, 73) =1.10, p>0.05. SCD was not a significant predictor of
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objective performance in the Stroop task in the category of attention B=-8.54, t=-1.08,
p>0.05, in the category of memory B=-2.86, t=-0.50, p>0.05 and in the category of language
B=-4.35, t=-0.79, p>0.05.

In the BNT, SCD explained 8% of the variance in objective performance, R?>=0.08, F
(3,72) =0.41, p>0.05. SCD was also not a significant predictor of objective performance in the
BNT in the category of attention B=-1.73, t=-0.66, p>0,05, in the category of memory B=-
1.16, t=-0.64, p>0.05 and in the category of language B=-0.15, t=-0.09, p>0.05.

In the CVLT 11, SCD explained 10% of the variance in objective performance, R?
=0.10, F (3, 72) =2.57, p <0.05. SCD was also not a significant predictor of objective
performance in the CVLT II in the category of attention B=2.20 t=0.60, p>0.05 and in the
category of memory B=-1.79, t=-0.67, p >0.05. In the category of language SCD was a
significant predictor of objective performance B=-6.20, t=-2.41, p<0.05.

In the LNS task, SCD explained 1% of the variance in objective performance,
R2=0.01, F (3, 59) =0.17, p>0.05. SCD was also not a significant predictor of objective
performance in the LNS task, in the category of attention B=0.36, t=0.46, p>0.05, in the
category of memory B=-0.30, t=-0.52, p>0.05 and in the category of language B=-0.18, t=-
0.19, p>0.05.

These results indicate that in the bilingual sample SCD is not a significant predictor of
objective performance in Stroop task, BNT or LNS in any of the three categories of attention,
memory and language but that in the CVLT II task, SCD in language is a significant predictor
of objective cognitive performance.

Discussion
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The purpose of this thesis was to evaluate SCD as a predictor of objective cognitive
performance in monolingual and bilingual older adults and compare differences in subjective
cognitive decline and objective performance in both samples. The thesis also examined if
bilinguals showed stronger performance on objective performance on executive function
tasks, episodic memory tasks and weaker performance on language tasks, relative to
monolinguals, and whether or not bilinguals will show lower levels of SCD than
monolinguals. The thesis further examined if SCD in the categories of attention, memory and
language were stronger predictors of objective performance on executive function tasks
(Stroop, LNS), episodic memory tasks (CVLT II) and a weaker predictor of objective
performance on language tasks (BNT) in the monolingual sample. It also explored if SCD in
the categories of attention, memory and language were weaker predictors of objective
performance on executive function tasks (Stroop, LNS), episodic memory tasks (CVLT II)
and a stronger predictor of objective performance on language tasks (BNT) in the bilingual
sample.

Neuropsychological performance in monolinguals and bilinguals

Significant differences in objective performance between monolinguals and bilinguals
were reported in both the Stroop task and LNS task, which are executive function tasks.
Significant differences in performance were also found between monolinguals and bilinguals
on the BNT, which is a language function task. The results of the independent sample t-test
did not fully support the first hypothesis, that bilinguals would show stronger performance on
executive function tasks, episodic memory tasks and weaker performance on language tasks.
The results also did not support previous research which indicated that bilinguals perform at a

higher level than monolinguals on executive function tasks and have shown advantages, as
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well as faster reaction times on tasks such as the Stroop task that are highly demanding with
many different congruent conditions, than monolinguals (Bialystok et al., 2008; Kousaie et
al., 2014; Perani & Abutalebi, 2015; Quinteros Baumgart & Billick, 2018). Research has
theorized that continuous control of two language systems by bilinguals leads to smoother
usage of executive function processes due to bilinguals continuously shifting between
languages, and also by suppressing one language system while the other one is in use
(Kousaie et al., 2014; Pelham & Abrams, 2014). These results not supporting the hypothesis
may be due to demographic factors that were distributed differently between the monolingual
and bilingual samples (e.g., education level) (Antén et al., 2016). It also questions the
reliability, robustness and specificity of the bilingual advantage, suggesting that it is possible
that the bilingual advantage is more specific and less vigorous than previously stated (Kousaie
et al., 2014). The results did support previous research, which concluded that bilinguals
showed possible disadvantages in language tasks, relative to monolinguals (Bialystok &
Craik, 2010; Kousaie et al., 2014; Quinteros Baumgart & Billick, 2018). Bilinguals have
demonstrated to score lower, even on lower levels of difficulty on the BNT than monolinguals
(Medvedev et al., 2019; Quinteros Baumgart & Billick, 2018). Further research would need to
be conducted using a variety of language tasks to confirm the validity of the results. More
analysis using a variety of episodic memory tasks comparing differences in monolingual and
bilingual older adults would also need to be done as research has indicated a difference in
performance in bilinguals, relative to monolinguals on episodic memory tasks (Rosselli et al.,
2019).

SCD in monolinguals and bilinguals
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We found no significant difference in SCD scores between the monolingual and
bilingual samples. These results do not support the second hypothesis that bilinguals would
show lower levels of SCD than monolinguals. Based on these results, this study did not
support previous research that concluded that deficits in executive function have indicated a
higher presence of SCD and bilingualism have shown to buffer age-related cognitive decline
in areas of executive function (Antén et al., 2016; Bialystok et al., 2007, 2008, 2010; Kousaie
et al., 2014; Langlois & Belleville, 2014; Perani & Abutalebi, 2015; Quinteros Baumgart &
Billick, 2018). Regarding attention and memory, it was hypothesized that bilinguals would
show lower levels of SCD than monolinguals, confirming that bilinguals showed advantages
in executive function. In addition, the study did not support previous literature which
demonstrated that declines in the area of attention has possibly led to an increase in subjective
cognitive decline, but that bilinguals have demonstrated advantages in attention and memory,
due to the constant usage of their executive function system, possibly preventing declines
(Fritsch et al., 2014; Langlois & Belleville, 2014; Perani & Abutalebi, 2015; Smart et al.,
2014). The study also did not support earlier research that proved bilinguals possibly having
disadvantages in language function tasks when compared to monolinguals, possibly indicating
that monolinguals could potentially show an increase in performance on language function
tasks, thus displaying lower levels of SCD than bilinguals (Bialystok, 2007; Bialystok &
Craik, 2010; Kousaie et al., 2014; Ljungberg et al., 2013; Patra et al., 2020; Quinteros
Baumgart & Billick, 2018). These insignificant findings could be due to bilinguals not having
a possible advantage in attention and memory, which means that bilinguals are not able slow
down the impact of cognitive deficits in these cognitive domains which might lead to lower

levels of SCD. Three yes/no questions that were used to measure SCD could have limited the
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variability of participants responses to the questions, thereby limiting the generalizability of
the results. The study could have also been limited due to the use of a population-based
sampling strategy, which may have been biased due to the individuals who participated in the
study being generally healthier and having a lower prevalence of SCD (Fritsch et al., 2014).

SCD as a predictor of Objective Performance in Monolinguals and Bilinguals

SCD in both memory and language was a significant predictor of objective cognitive
performance, in the monolingual sample. These results confirm with the third hypothesis that
stated in the monolingual sample, SCD would be a predictor of objective performance. These
results are also supported by previous research that indicated that SCD has been shown to be a
predictor of objective performance and that SCD in memory has also shown to be a predictor
of objective performance (Amariglio et al., 2011; Bialystok, 2007; Bialystok et al., 2008;
Bialystok & Craik, 2010; Cargin et al., 2008; Jessen et al., 2007; Jonker et al., 1996; Jorm et
al., 2001; Perani & Abutalebi, 2015; Quinteros Baumgart & Billick, 2018; Riedel-Heller et
al., 1999). These results indicated that as people reported complaints regarding their memory
and word-finding difficulties, these complaints were a significant predictor of their objective
performance on the LNS task. Future research could be conducted by using a larger sample
size to increase the power of the sample, increasing effect of the sample.

In the bilingual sample, SCD in language was a significant predictor of their objective
performance on the CVLT II. As people reported more word-finding difficulties, their
complaints were a significant predictor of their objective performance on the CVLT II. SCD
was not found to be a significant predictor of objective performance on the Stroop, BNT and
LNS in the domains of memory, attention or language. These results did not support previous

research that indicated that bilinguals have demonstrated possible disadvantages in language
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function tasks, possibly leading to increased levels of SCD in language, potentially leading to
SCD being a predictor of objective performance on language function tasks for bilinguals
(Bialystok & Craik, 2010; Kousaie et al., 2014; Quinteros Baumgart & Billick, 2018). These
results could have been due to using CVLT II to measure episodic memory. CVLT II utilizes
the participants word-recall ability to test their episodic memory which is similar to how
individuals are tested on the BNT, where bilinguals have shown slower rates since it is a
picture-naming task (Bialystok, 2007; Bialystok & Craik, 2010; Kousaie et al., 2014;
Ljungberg et al., 2013; Patra et al., 2020; Quinteros Baumgart & Billick, 2018). These results
are also supported by previous studies that have shown individuals who report SCD on visual
and verbal memory tasks, have scored significantly lower on those tasks, demonstrating that
SCD could possibly be a predictor of their objective performance (Riedel-Heller et al., 1999).
Future research would need to be conducted using a different standardized
neuropsychological test to measure episodic memory that tests individuals’ episodic memory
using their working memory instead of word-recall ability, as bilinguals have shown slower
rates on cognitive tasks using word-recall (Bialystok, 2007; Bialystok & Craik, 2010; Kousaie
et al., 2014; Ljungberg et al., 2013; Patra et al., 2020; Quinteros Baumgart & Billick, 2018)
Strengths

This thesis adds to the body of literature surrounding the impact of SCD being a
predictor of objective performance and the importance of studying differences in subjective
cognitive decline and objective performance between bilingual and monolingual older adults
as differences are found between both groups. The study demonstrated that there is a
significant difference in performance on executive function tasks and language function tasks

between monolinguals and bilinguals, which is consistent with previous research (Anton et
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al., 2016; Bialystok et al., 2007, 2008, 2010; Kousaie et al., 2014; Langlois & Belleville,
2014; Perani & Abutalebi, 2015; Quinteros Baumgart & Billick, 2018). The study also
concluded that bilinguals demonstrated worse performance on language function tasks than
monolinguals, which was also consistent with previous research that bilinguals have shown
disadvantages on language tasks (Bialystok & Craik, 2010; Kousaie et al., 2014; Quinteros
Baumgart & Billick, 2018). The study was also consistent with previous studies that indicated
SCD was a significant predictor of objective performance (Jonker et al., 1996; Jorm et al.,
2001; Riedel-Heller et al., 1999).

In addition, the neuropsychological tests that were used to measure objective cognitive
performance have been demonstrated in earlier research to have extensive validity and
reliability as cognitive performance measures. The sample of both monolingual and bilingual
older adults was not influenced by gender being a covariate. The missing data that was
excluded from the study did not impact the results, as the results were analyzed again using a
mean substitution method to code for the missing data.

Limitations

There were several limitations of this study. Due to the COVID-19 pandemic, there
was limited access to all the data sets that were collected by research assistants at the Bruyere
Research Institute. The result of not being able to go into the office to access more data sets
for the study, led to a smaller sample size of only 183 participants, creating a low effect and
lowering the power of the sample. The bilingual sample was also larger by 19 participants
than the monolingual sample. Due to unequal sample sizes, it could have led to unequal
variances between both samples, affecting the assumption of equal variances, the statistical

power of the sample and creating a type Il error. In addition, another limitation of the study
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could be the significance difference in the covariates of age and education that were not
controlled for in the study, which could have impacted the results. By separating the bilingual
and monolingual sample to perform separate linear regression analyses, the power of the
sample was decreased, creating low effect from the sample. As well, given the small amount
of data available for the comparison of SCD in (memory, attention and language) between
both samples, restriction of range of the responses for SCD is another limitation.

In the first independent sample t-test analysis comparing monolingual and bilingual
older adults’ performance on executive function and language function tasks, there were some
false positives that showed up in the results that monolingual older adults demonstrated a
stronger performance on executive function tasks than bilinguals based on the means, which
were not consisted with previous research. This created a Type I error, where the researcher
rejected a true null hypothesis based on personal biases that impacted the researcher’s ability
to interpret the significance of the literature.

Furthermore, due to the fact the study is relying on self-reported measures for both
bilingualism and SCD, the data is subjected to sources of bias as a result of the participants’
self-reporting their own level of bilingualism and their SCD, altering the generalizability of
the results. The use of only one yes/no question for each area of attention, memory and
language is also subjected to sources of bias, as one yes/no question does not take into
consideration the participants’ previous experience, events in their lives that could have
impacted their responses, and their possible reaction to being asked the 3 yes/no questions.

Another limitation of the study was the use of an independent sample t-test to
determine if bilinguals would show better performance on executive function tasks and lower

performance on language function tasks. A one-way ANOVA test would have been a more



Bilingualism, Subjective Cognitive Decline, and Objective Cognitive Performance 43

accurate test to compare cognitive performance between bilinguals and monolinguals,
providing mean scores that could be differentiated more precisely based on cognitive
performance in areas of attention, memory and language between the two samples, instead of
comparing generally significant differences in performance between the two samples.

Other factors to mention are not taking into consideration participants level of physical
activity and anxiety level as possible confounds, which could have possibly impacted the
results, is another limitation of the study. Research has concluded that higher levels of
physical activity in older adults have shown to reduce future cognitive decline and higher
levels of anxiety sensitivity have shown to be related with increased SCD (Dux et al., 2008;
Miyawaki et al., 2017).

Implications

As English-French bilingualism rate has risen significantly in the Canadian population
since the 1960s, it is estimated that 50% of the population is bilingual and the Canadian
population is projected to have 12 million older adults by 2061 (Kousaie et al., 2014;
Statistics Canada, 2016, 2017). Therefore, the results of this thesis have great implications for
the aging Canadian population, as the results of this thesis yielded that there are significant
differences in performance on executive function tasks and language function tasks between
bilingual and monolingual older adults. As the results of this thesis also indicated that in the
bilingual sample, SCD in language was a predictor of objective performance on the CVLT II
and in the monolingual sample, SCD in both memory and language were significant
predictors of objective performance. These findings are important as 25 to 50% of older adults
display some sort of SCD and SCD has demonstrated in previous research to be an indication

of future cognitive decline within 8 years of having SCD (Langlois & Belleville, 2014). SCD
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has also been a risk factor for the development of dementia, where bilinguals have shown
symptoms within 4 years of having SCD as compared to monolinguals (Bialystok al., 2007;
Bialystok & Craik, 2010; Crumley et al., 2014; Perani & Abutalebi, 2015). These results
conclude that in older adults who displayed SCD in language on the CVLT II, their SCD was
an indication of their objective performance on the CVLT II. This opens up an opportunity for
future research to determine if SCD in the bilingual sample is a significant predictor of
objective performance in other episodic memory tasks besides CVLT II, and to examine if
SCD was a predictor of objective performance for the monolingual sample in other cognition
tasks besides LNS that measures more working memory.
Future Direction

The results of this study determined that on the Stroop and LNS there was a significant
difference in performance scores between monolinguals and bilinguals, but that monolinguals
demonstrated a stronger performance on Stroop and LNS, which was not consistent with
previous research. Additional studies could use a larger sample size of both bilinguals and
monolinguals and control for covariates such as age, education and gender that may be
distributed differently between the two samples and impact the results (Anton et al., 2016). As
significant differences in performance on the BNT were also determined between the
bilingual and monolingual sample, more research could be conducted using a larger range of
neuropsychological tests measuring language function to determine the reliability of the
results found in this study.

The independent sample t-test in this study examined the difference in SCD between
monolinguals and bilinguals, and it did not yield any significant findings. It would be more

beneficial to use a larger sample size for both bilinguals and monolinguals in order to increase
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the power of the sample, thereby increasing the effect of the sample. Another
recommendation would be to control for demographic factors such as age and education that
could impact the results or differentiate between both samples (Antén et al., 2016). Future
research should also use an Informant Questionnaire to measure SCD since the questionnaire
is administered to both the participant and the caregiver to reduce any possibility of bias due
to using a self-report measure for SCD (Youn et al., 2009).

Using a larger sample size and equal sample sizes for both the monolinguals and
bilinguals would increase the power of the sample and the effect of the sample on the results.
This method would also prevent issues with the statistical power of the sample and any issues
with unequal variances between samples, affecting the assumption of equal variances. Future
studies could combine both the monolingual and bilingual sample together to increase the
power of the sample and use a multiple regression analysis to evaluate SCD as a predictor of
objective performance, allowing the study to compare both samples simultaneously. This is
because SCD in memory and language were significant predictors of objective performance
on the LNS in the monolingual sample. Using a larger variety of standardized
neuropsychological tests would increase the generalizability of the results found in the
monolingual sample and increase the effect of the sample on the results as the sample had a
small effect in this study. Another recommendation is to use an ANCOVA test to control for
covariates such as age and education, since previous research has shown SCD to increase with
age and be more common in individuals who have lower levels of education (Cargin et al.,
2008).

The four linear regression analyses examining SCD as a predictor of objective

performance in the bilingual sample concluded that SCD in language was a significant
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predictor of objective performance on the CVLT II, but these results were inconsistent with
previous research. Future research should be conducted measuring episodic memory in
bilingual older adults, using a neuropsychological test that measures episodic memory via the
individuals’ memory ability and not word-recall, as bilinguals have shown slower rates on
tasks that involve word-recall (Bialystok, 2007; Bialystok & Craik, 2010; Kousaie et al.,
2014; Ljungberg et al., 2013; Patra et al., 2020; Quinteros Baumgart & Billick, 2018).
Additional examination could be conducted using a larger variety of standardized
neuropsychological tests to determine if SCD is a significant predictor in other executive
function tasks, and/or language function tasks for the bilingual sample other than just on
cognitive tasks, measuring episodic memory. Using a larger variety of neuropsychological
tests would also increase the generalizability of the results found in the bilingual sample. It
would also be important use an ANCOVA test to control for covariates such as age and
education, as previous research has concluded that age and education have impacted SCD
(Cargin et al., 2008).

Since both the level of physical activity and anxiety sensitivity have shown to impact
SCD and future cognitive decline, and these confounds were not part of the exclusion criteria
of the study, future research should control for physical activity, anxiety sensitivity and for
participants who meet the criteria for the Major Depression based on the Geriatric Depression
Scale, or demonstrate significant cardiovascular disease and Atherosclerosis (Muller et al.,
2007; Yesavage et al., 1982). Physical activity should be controlled for, by asking participants
a series of questions pertaining to their levels of physical activity or exercise. Participants who
indicate that they do not engage in physical activity or exercise would be considered as

inactive and should be included in the study sample (Miyawaki et al., 2017). Those
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participants who demonstrate anxiety sensitivity using the Anxiety Sensitivity Index, or those
who report having major depression based on the Geriatric Depression Scale, should be
excluded from the study (Dux et al., 2008).
Conclusion

It has been documented that the English-French bilingualism rate in Canada has been
steadily increasing since the early 1960s and the older adult population in Canada will be
changing dramatically, (where it is estimated that the older adult population will reach 12
million by 2061) (Statistics Canada, 2016, 2017). Therefore, it is clear that the results of this
study contribute to the understanding of SCD as a predictor of objective performance and the
differences between SCD and objective performance in bilinguals and monolinguals
(Statistics Canada, 2016, 2017). A large portion of the older adult population reports having
SCD, that has shown to possibly contribute to early signs of cognitive decline, while
bilingualism has shown to potentially lessen the impact of age-related cognitive decline, thus
delaying the onset of dementia for bilinguals as compared to monolinguals (Bialystok et al.,
2007, 2010; Crumley et al., 2014; Langlois & Belleville, 2014; Perani & Abutalebi, 2015;
Quinteros Baumgart & Billick, 2018). This thesis concluded both significant and unexpected
results demonstrating differences between bilinguals and monolinguals in objective
performance. Monolingual older adults demonstrated stronger performance on executive
function tasks and bilingual older adult showed weaker performance on language tasks. In the
monolingual sample, SCD in both memory and language was found to be a significant
predictor of objective performance on the LNS task. In the bilingual sample, SCD in language
was found to be a significant predictor of objective performance on the CVLT II. This study

gives a starting point to showcase the importance of the evaluating SCD as a predictor of
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objective performance in both bilinguals and monolinguals, but further research is needed
since the older adult population is increasing rapidly in Canada and the majority of them
report some sort of SCD. This study demonstrated the importance of SCD in being a predictor

of objective performance in both bilingual and monolingual older adults.
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Table 1

Overall Frequency Distributions of the Sample | N=183

Sample F Sample %
Monolingual 101 55.2
Bilingual 82 44.8
Table 2

Frequency Distributions of the Overall Subjective Cognitive Decline in areas of Attention,

Memory and Language in the Monolingual sample | N=101

Memory Complaints F Sample %
Attention
No 89 88.1
Yes 12 11.9
Memory
No 85 84.2
Yes 16 15.8
Language
No 64 63.4
Yes 37 36.6

Note. In each category of attention, memory and language, subjective cognitive decline has
divided into two categories, older adults indicating no to having any memory complaints and

older adults indicating yes to having memory complaints. F=Frequency.
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Table 3
Frequency Distributions of the Overall Subjective Cognitive in the areas of Attention, Memory

and Language in the Bilingual sample | N=82

Memory Complaints F Sample %
Attention
No 74 90.2
Yes 8 9.8
Memory
No 61 74.4
Yes 19 23.2
Missing 2 24
Language
No 57 69.5
Yes 23 28.0
Missing 2 24

Note. In each category of attention, memory and language, subjective cognitive decline has been
divided into two categories, older adults indicating no to having any memory complaints and
older adults indicating yes to having memory complaints. F=Frequency. Missing=the missing

data in each category.
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Table 4

Independent sample t-test results comparing differences in performances in executive function tasks, episodic memory tasks and

language tasks in monolinguals and bilinguals | N=183

Levene’s Test for

Equality of Variances

t-test for Equality of Means

Objective M SD F P
Performance

df

Std. Error
Difference

p Mean 95% C1

(2-tailed) Difference

Stroop
Monolingual 126.7 21.02
Bilingual 119.1  20.30
Equal variances 0.20 0.66
assumed

241

173

<0.05 7.58 3.14 1.38-13.78

BNT
Monolingual 53.3 4.00
Bilingual 49.2 6.15
Equal variances 7.23
not assumed

<0.05

5.05

132

<0.05 4.11 0.81 2.50-5.72

CVLT
Monolingual  56.7  9.14
Bilingual 554 972
Equal variances 0.15 0.70
assumed

0.94

172

0.35 1.35 1.43 -1.48-4.18

LNS
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Monolingual  10.4 2.36

Bilingual 9.4 1.80

Equal variances 1.76 0.19 2.93 140 <0.05 1.04 0.36 0.34- 1.75
assumed

Note. M=mean, SD=standard deviation, F=frequency, p=significance value, t=t-statistic value, df=degree of freedom, CI=confidence

interval. Significance at the p<0.05 level.
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Table 5
Independent sample t-test results for subjective cognitive decline in both the monolingual and bilingual sample
Levene’s Test for
Equality of Variances t-test for Equality of Means

Subjective M SD F p t df p Mean Std. Error 95% Cl
Cognitive (2-tailed)  Difference Difference
Decline
Attention

Monolingual 0.12 0.33

Bilingual 0.10  0.30

Equal variances 0.84 0.36 0.46 181 0.65 0.02 0.05 -0.07-0.11

Assumed

Memory

Monolingual 0.16 0.37

Bilingual 0.24  0.43

Equal variances 7.10 <0.05 -1.31 15594 0.19 -0.08 0.06 -0.20-0.04

not assumed
Language

Monolingual 0.37 048

Bilingual 0.29  0.46

Equal variances 5.14 <0.05 1.13 17375 0.26 0.08 0.07 -0.06-0.22

not assumed

Note. M=mean, SD=standard deviation, F=frequency, p=significance value, t=t-statistic value, df=degree of freedom, CI=confidence

interval. Significance at the p<0.05 level.
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Table 6

Linear regression results examining SCD as a predictor of objective cognitive performance in the monolingual sample | N=183

Stroop BNT CVLT LNS

Variables B SE p 95% C1 B SE p 95%Cl B SE p 95%Cl B SE p 95%Cl

Attention -5.01 7.26 0.49 -19.43-9.41 1.17 1.51 0.44 -1.83-4.17 4.41 3.16 0.17 -1.86-10.68 1.17 0.82 0.16 -0.46-2.80
Memory 10.38 6.34 0.11 -2.22-22.98 0.31 1.27 0.81 -2.21-2.83 2.78 2.76 0.32 -2.70-8.26 1.52 0.74<0.05 0.04-2.99

Language -5.47 4.78 0.26 -14.97-4.02 -1.22 0.96 0.21 -3.13-0.69 -0.80 2.10 0.70 4.97-3.37 -1.15 0.58 0.05 -2.31-0.00

R? R?=0.04 p>0.05 R?=0.03 p>0.05 R?=0.04 p>0.05 R?=0.11 p</=0.05

R? Change R2=-0.02 p>0.05 R2=0.02 p>0.05 R?>=0.07 p</=0.05

Note. B=beta value, SE= standard error, p=significance value, CI=confidence interval. Significance at the p< 0.05 level.
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Table 7

Linear regression results examining SCD as a predictor of objective cognitive performance in the bilingual sample | N=183

Stroop BNT CVLT LNS

Variables B SE p 95% C1 B SE p 95%Cl B SE p 95%Cl B SE p 95%Cl

Attention -8.54 7.92 0.28 -24.32-7.24 -1.73 2.62 0.51 -6.95-3.49 2.20 3.69 0.55 -5.17-9.56  0.36 0.79 0.65 -1.22-1.94
Memory -2.86 5.69 0.62-14.20-8.48 -1.16 1.82 0.53 -4.79-2.47 -1.79 2.66 0.50 -7.09-3.51  -0.30 0.57 0.60 -1.44-0.84

Language -4.35 5.50 0.43-15.31-6.62 -0.15 1.75 0.93 -3.63-3.33 -6.20 2.57 <0.05-11.32-(-1.08) -0.11 0.57 0.85-1.24-1.03

R? R?=0.04 p>0.05 R?=0.08 p>0.05 R?=0.10 p<0.05 R?=0.01 p>0.05

R? Change R2>=0.04 p>0.05 R2=0.02, p<0.05 R2=-0.01p>0.05

Note. B=beta value, SE= standard error, p=significance value, CI=confidence interval. Significance at the p< 0.05 level.



