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Abstract
The debate as to whether bilingual experience benefits individuals in terms of certain
aspects of executive function has received much attention. The differences on cognitive
performance between monolinguals and bilinguals have not been consistently replicated,
which has raised concerns regarding the reliability and robustness of the cognitive effects
associated with bilingualism. Given that bilingualism is a multidimensional, continuous, and
dynamic phenomenon and varies with respect to many factors, the specific bilingual
experience plays an important role in modulating the degree of bilingualism and, in turn,
affects executive functions. Hence, identifying individuals’ language experience is crucial for
understanding the language control in bilinguals; importantly, it can shed light on the issue of
the inconsistent evidence and identifying the possible reasons behind it.
The first aim of this thesis is to understand the effects of specific language experience
on executive functions (EF), particularly the components involved in language control, such
as inhibitory control. The second aim is to explore the unsolved and lesser-investigated issues
in the field of bilingualism research and to examine their impact on executive control in the
context of bilingualism. These issues include: (i) inhibitory mechanisms for the reported
inhibitory benefits associated with bilingualism (ii) pathways of language acquisition (i.e.,
language immersion versus instruction); and (iii) cognitive consequences of linguistic
differences, such as linguistic distance and language script.
EF performance in all of the studies carried out in this thesis was assessed by at least
four non-linguistic cognitive tasks; namely, the Attention Network Task (ANT), the Number
Stroop task, the Elevator subtests of the Test of Everyday Attention (TEA), and the Corsi
Tapping Task (CTT), tapping into multiple dimensions of EF. The selection of the
experimental tasks was based on the fact that the nature of language learning entails multiple
domains, such as the visual (e.g., reading and writing), auditory (e.g., listening and speaking),
and working memory (e.g., lexical and grammatical acquisition) domains. An additional
arrow version of Simon task was included in the second and fourth studies.
The first study investigates how language experience modulates EF in early adulthood
Chinese learners of English. The results show that different aspects of language experience
affect specific subcomponents of EF: language proficiency affects switching ability,
disengagement of attention, inhibition in the visual domain, and auditory attentional
switching, language exposure mainly affects switching ability and disengagement of
attention, whereas the length of language use affects inhibition in both the visual and auditory
domains.
The second study examines the inhibitory mechanisms in young adult monolinguals
and bilinguals and the role of language proficiency in modulating EF. The results show that
bilingualism mainly influences interference suppression, but not response inhibition.
Language proficiency turns out to differentially affect specific aspects of executive control
and influence the emergence of group differences between monolinguals and bilinguals.
The third study explores potentially different cognitive consequences of two pathways
of language acquisition; namely, language instruction and language immersion. We examined
EF longitudinally in young adult Chinese speakers learning English through instruction and
immersion, respectively. The results suggest that overall the cognitive effects of L2 exposure
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are comparable in an instruction and immersion setting. However, subtle differences can be
detected on specific cognitive tests such as auditory inhibition.
The fourth study investigates whether linguistic differences extend to the cognitive domain as
a result of language learning in Chinese and European populations. Specifically, the role of
linguistic distance in spoken languages in modulating language control and executive control
(Experiment 1), and how language script in written languages affects language acquisition
and cognitive performance (Experiment 2). The results suggest that a larger linguistic
distance is associated with better cognitive control; namely, general-domain executive control
and inhibitory control. Moreover, language script plays a modulating role in cognitive
performance: native Chinese speakers showed superior performance in visual attention tasks
and mental rotation, while native English speakers obtained better performance in the
auditory attention tasks. The results demonstrate that native language, linguistic distance, and
script are significant predictors to EF, although the interaction with other factors, such as
cultural differences and education systems, remains to be further studied.
Taken together, this thesis focuses on the different aspects of language learning and
bilingualism on different sub-components of executive functions in young adult populations.
As to specific bilingual experience, we have investigated the less-explored factors, such as
pathways of language acquisition (instruction vs. immersion), linguistic distance, and
language scripts, and their impact on cognitive performance. Moreover, we have examined
the effects of bilingualism on different types of inhibition mechanism (interference
suppression vs. response inhibition) to specify the relationship between language control and
inhibitory control. These findings contribute to our understanding of the key aspects of the
bilingual experience that are responsible for the emergence of the cognitive effects of young
adulthood bilingualism.
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Lay Summary
Learning a second language is a very common experience in the modern world. The
proportion of bilingualism and multilingualism (i.e., people who can communicate in at least
two different languages) is half or more of the world population. Given the high number of
bilinguals, it is worthwhile to explore the potential cognitive consequences of the bilingual
experience. This thesis aims to gain a better understanding of how the bilingual experience
influence cognitive control. Normally, language learning involves multiple domains, such as
the visual (e.g., reading and writing), auditory (e.g., listening and speaking), and working
memory (e.g., lexical and grammatical acquisition) domains. We are interested in whether
language learning can influence these particular domains in cognitive control.
To address the question, we conducted four different studies in different populations
who are varied in their bilingual experience. The results suggest that the bilingual experience
can enhance some cognitive control, such as inhibitory control (i.e., the ability to resist
interference from distracting information or prepotent automatic responses). Our studies have
practical applications, such as providing practical information from the perspective of
cognition in the field of education, such as second language learning and teaching, the
educational systems setting, second language literacy programs, and language immersion
programs.
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Chapter 1
1.1. Introduction
Learning a second language is a very common experience in the modern world, as
evidenced by the fact that the proportion of bilinguals and multilinguals around the globe is
half, if not more, of the world population (Grosjean, 2010). Given the high number of
bilinguals, it is worthwhile to explore the potential cognitive consequences of the bilingual
experience. This thesis aims to contribute to a better understanding of the relationships
between language learning and language control and how these affect executive control.
Executive control refers to a set of interrelated cognitive processing and consists of three
main components: inhibition (i.e., inhibition of prepotent responses), updating (i.e.,
information updating and monitoring), and shifting (i.e., shifting between tasks or mental
sets) (Miyake et al., 2000; Miyake & Friedman, 2012).
One of the central insights of the research from the last twenty years is that the
languages of bilinguals are always simultaneously and automatically activated (Blumenfeld
& Marian, 2013; Chen, Bobb, Hoshino & Marian, 2017; Dimitropoulou, Duñabeitia &
Carreiras, 2011). Compared to monolinguals, bilinguals have to constantly and frequently
manage the two jointly activated languages, including inhibiting the non-target language
(e.g., inhibitory control), monitoring the different languages (e.g., conflict monitoring),
switching back and forth between their two languages (e.g., mental shifting), and frequently
adjusting their attention from irrelevant information to focus on relevant information while
monitoring conflict (e.g., disengagement of attention). This bilingual experience might
require additional cognitive efforts, thus leading to relatively efficient and enhanced cognitive
control when compared to monolinguals (Bialystok, 2017). The first aim of this thesis is to
understand how the bilingual experience modulates executive control, particularly the sub-
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components that are highly associated with language control, such as inhibitory control,
switching ability, and disengagement of attention.
The cognitive effects associated with bilingualism have been reported in a range of
non-linguistic tasks tapping into multiple aspects of executive functions, particularly
inhibitory control. These include the Flanker Task (Costa, Hernández, Costa-Faidella &
Sebastián-Gallés, 2009; Luk, De Sa & Bialystok, 2011), Attention Network Task (ANT;
Costa, Hernández & Sebastián-Gallés, 2008), Simon Task (Bialystok, Craik, Klein &
Viswanathan, 2004), and Stroop Task (Bialystok, Craik & Luk, 2008; Hernández, Costa,
Fuentes, Vivas & Sebastian-Galles, 2010). These effects have been reported in participants
across a large range of ages, such as infants (Brito & Barr, 2014; Kovacs & Mehler, 2009;
Pons, Bosch & Lewkowicz, 2015); children (Carlson & Meltzoff, 2008; Martin-Rhee &
Bialystok, 2008), young adults (Bak, Vega-Mendoza & Sorace, 2014; Costa et al., 2008,
2009), and elderly adults (Alladi et al., 2017; Bialystok, Craik, Klein & Viswanathan, 2004;
see also review in Perani & Abutalebi, 2015). Moreover, neuroimaging studies have provided
supporting evidence, which indicates that there is a significant overlap of the brain regions
implicated in language control and domain-general executive control (Barac, Moreno &
Bialystok, 2016; Green & Abutalebi, 2013; Grundy, Anderson & Bialystok, 2017; Thierry &
Wu, 2007).
Bilingualism is a multidimensional, continuous, and dynamic phenomenon that varies
with respect to many factors; therefore, the specific bilingual experience plays an important
role in modulating the degree of bilingualism and, in turn, affects cognitive control. Different
aspects of bilingual experience, characterised by, for example, L2 proficiency (Abutalebi et
al., 2013), age of acquisition (AoA) (Williams et al., 2016), L2 exposure (Bonfieni et al.,
2019), and language switching patterns (Ooi et al., 2018), are likely to modulate the degree of
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bilingualism. This might partly explain the reasons behind the inconsistent results regarding
the cognitive effects associated with bilingualism (see Chapter 3 for details). Hence,
identifying individuals’ language experience is crucial for understanding language control in
bilinguals. The second aim of this thesis is to explore the less-investigated factors underlying
the bilingual experience, such as the context (L2-domoninant environment), the pathways of
language acquisition (i.e., language immersion vs. instruction), and the specific linguistic
characteristics among languages (i.e., linguistic distance and language script). With regards to
the cognitive consequences of bilingual experience, particularly inhibitory control, one lessexplored factor would be types of inhibitory mechanism associated with language control
(i.e., interference suppression vs. response inhibition).
Underlying the bilingual experience, one less-investigated factor with regards to
language acquisition is the context in which individuals learn their L2s. Nowadays, language
immersion programs, such as Content and Language Integrated Learning (CLIL) (De Graaff
et al., 2007) or Study Abroad Programs (Dwyer, 2004), have gradually become popular. The
question related to these language immersion programs is how cognitive control changes
when individuals learn their L2s in an L2-dominant linguistic environment. Moreover, the
effects of language instruction and immersion on L2 acquisition have been studied in
considerable detail (Collentine, 2008; Malt & Sloma, 2003; Parafita Couto et al., 2015;
Pliatsikas & Chondrogianni, 2015; Zinszer, Malt, Ameel & Li, 2014). However, little is
known about potentially different cognitive consequences of different pathways of language
acquisition (i.e., language immersion vs. instruction). To address this issue, the third study
(Chapter 5) is set to longitudinally track the potential cognitive changes in young adults who
continued their L2 learning in an L2-dominant environment through the two different
pathways.
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Another less-explored factor is the relationship between the languages that individuals
have acquired, such as similar vs. distant language pairs (i.e., linguistic distance between two
languages), and logographic vs. alphabetic scripts (i.e., language script of native language). A
growing body of evidence has suggested that individuals’ language experience (auditory as
well as visual) may influence cognitive processing in the non-linguistic domains. For
example, superior visual skills were reported in Chinese native speakers when compared to
those who have alphabetic languages (e.g., Greek and English) as their first languages
(Demetriou et al., 2005; McBride-Chang et al., 2011a, b, c). The relationships between
linguistic differences among languages and language learning and how these, in turn, affect
language control and cognitive control, remain unclear: for instance, the role of linguistic
distance in modulating language control and cognitive control and how language script
affects language learning and cognitive performance. The empirical evidence with respect to
the cognitive effect of linguistic distance is limited and mixed. While evidence has suggested
that a larger linguistic distance predicted better switching ability (Prior & Gollan, 2011),
studies have shown that a larger linguistic distance associated with better domain-general
control and inhibitory control (Bialystok et al., 2005; Yang & Lust, 2007; Yang, Yang &
Hartanto, 2017), and other studies have reported null results (Barac & Bialystok, 2012; Paap,
Darrow, Dalibar & Johnson, 2014). To address this issue, the fourth study (Chapter 6) is set
to investigate the effects of linguistic distance and language scripts on cognitive performance
in two experiments, respectively.
In terms of the cognitive consequence of bilingualism, one less-investigated factor is
the type of inhibitory mechanisms underlying the language control. A growing body of
evidence has suggested that bilinguals when compared to monolinguals show enhanced
inhibitory control (Bialystok et al., 2008; Costa et al., 2008; Luk et al., 2011), which has been
attributed to the constant management of the jointly activated languages in bilinguals (e.g.,
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selecting the target language while inhibiting the non-target one in a given context). There are
two central components of inhibitory control: interference suppression (i.e., refers as the
capacity to detect and filter out irrelevant information) and response inhibition (i.e., refers as
the capacity to inhibit inappropriate, but prepotent, response tendencies) (Bunge, Dudukovic,
Thomason, Vaidya & Gabrieli, 2002). A limited number of studies have suggested that
bilingualism might differently affect the two components of inhibitory control in the visual
domain: bilingualism mainly affect interference suppression, but not response inhibition
(Bialystok & Viswanathan, 2009; Esposito, Baker-Ward & Mueller, 2013; Luk, Anderson,
Craik, Grady & Bialystok, 2010; Martin-Rhee & Bialystok, 2008). The second study
(Chapter 4) is set to examine the effects of bilingualism on the two types of inhibitory
mechanisms in both the visual and auditory domain.
Bilingualism is not a categorical term (Luk & Bialystok, 2013). Bilinguals cannot be
evaluated in each of their languages with measures developed for monolinguals, i.e. a
Chinese-English bilingual is not equal to one Chinese monolingual plus one English
monolingual. Given the fact that the bilingual experience is a dynamic, fluid, and complex
process, accompanied by adaptive changes in the brain (Deluca, Rothman & Pliatsikas,
2018), it cannot be assumed that differences in cognitive performance in different
monolingual-bilingual comparisons could be consistently observed. The primary aim of this
thesis is to examine the effects of specific language experience on executive functions,
particularly the components involved in language control, such as inhibitory control,
switching ability, and disengagement of attention. The second aim is to explore lessinvestigated issues and their impact on executive control in the context of bilingualism. These
issues include: (i) the type of inhibitory mechanisms (i.e., interference suppression vs.
response inhibition); (ii) pathways of language acquisition (i.e., language immersion versus
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instruction); and (iii) cognitive consequences of linguistic differences, such as linguistic
distance and language script.
1.2. Models of executive control in bilingualism
The parallel activation of bilinguals’ two languages is the most widely proposed
mechanism to account for the differences between monolinguals and bilinguals, either in
terms of language usage, cognitive outcomes, or dynamic changes (Kroll, Dussias, Bice &
Perrotti, 2015). Joint activation assumes that bilinguals experience a constant competition for
language selection compared to monolinguals, thus leading to extra demands on attention
control for language representation and language processing. The Inhibitory Control (IC)
model (Green, 1998) and the Bilingual Interactive Activation model (BIA+) (Dijkstra & Van
Heuven, 2002) have been proposed to explain how bilinguals select the target language and
inhibit the non-target language while the two languages are simultaneously activated at
semantical, orthographic, and phonological levels.
In relation to general cognitive control as a result of bilinguals’ language control, a set
of models of executive control have been proposed that are highly relevant for the study of
bilingualism. Based on the IC model, Hilchey and Klein (2011) proposed two hypotheses to
reflect the positive consequences of bilingualism in terms of executive processing: the
Bilingual Inhibitory Control Advantage (BICA) hypothesis and the Bilingual Executive
Processing Advantage (BEPA) hypothesis. In addition to the effects of bilingualism on
inhibition, the “Unity / Diversity” framework has been proposed to extend these effects to
other components of executive control, such as shifting (i.e., information updating and
monitoring) and updating (i.e., shifting between tasks or mental sets) (Miyake & Friedman,
2012). More recently, the Adaptive Control Hypothesis (ACH) (Green & Abutalebi, 2013)
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was proposed in relation to bilingual language control, which describes how interactional
contexts affect language control and cognitive control processes.
This section focuses on a set of models or accounts of cognitive control in the context
of bilingualism research adopted in this thesis (see Figure 1.1). These models capture the
theoretical differences between monolinguals and bilinguals from different perspectives, for
example, the IC model and BIA+ models demonstrate the bilingual linguistic systems from a
linguistic perspective, while BICA/BEPA hypotheses and the ACH propose the cognitive
consequences of bilingual experience in terms of language control and language context,
respectively. These models differ from each other but agree on that inhibition control is one
of the main components of executive functions for language control. However, the cognitive
control for language control might be modulated by different aspects of bilingual experience,
such as the linguistic characteristics of bilinguals’ two languages (e.g., linguistic distance)
and bilinguals’ interactional context (e.g., a single language context: L1-dominant vs. L2dominant linguistic environment). Hence, a single model or hypothesis might be not
sufficient enough to capture all the potential cognitive differences between monolinguals and
bilinguals. In the following sections, more details will be demonstrated with respect to each
model and how they are adopted as theoretical basis in current thesis.
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Figure 1.1 – Schematic representation of different control models adopted in this thesis. The
darker colour indicates more overlaps among the models.
1.2.1. Inhibitory Control model (IC)
The IC model (Green, 1998) is based on the Supervisory Attentional System (SAS)
(Shallice & Burgess, 1996). The IC model assumes that a particular experience might activate
semantically linked units in both the target and non-target languages, which leads to the
parallel activation of lexical items associated with a relative concept between languages.
Then, the SAS reactively inhibits the non-target language based on the degree of parallel
activation to ensure the target language can proceed with contextually and linguistically
appropriate representations.
The IC model provides a theoretical basis for later research into the cognitive effects of
bilingualism on inhibitory control. There is conflicting evidence as to whether bilinguals
perform better than monolinguals in inhibition. While a large number of studies have
suggested that bilinguals showed enhanced inhibitory control than their monolingual
counterparts (Bialystok et al., 2004; Costa et al., 2008; Luk et al., 2011), other studies failed
to replicate the cognitive effects associated with bilingualism (Paap & Greenberg, 2013;
Paap, Johnson & Sawi, 2014). Based on the IC model, this thesis examined the cognitive
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effects of bilingualism, particularly inhibitory control, across different studies. For example,
the second study (Chapter 4) is to examine the inhibitory mechanisms underlying language
control in bilinguals through distinguishing the two fundamental components involved in
inhibitory control (i.e., interference suppression and response inhibition).
1.2.2. The Bilingual Interactive Activation Model (BIA+)
The BIA+ model, based on a top-to-down control system, which is a modified
theoretical framework for bilingual word recognition (Dijkstra & Van Heuven, 2002). It
suggests that the larger the overlap between two languages is, the greater the cross-linguistic
influences generated will be. Cross-linguistic influences might be exaggerated by the fact that
two languages have a high degree of overlap that share a high number of orthographic
neighbours and homographs. This model provides theoretical architecture of the bilingual
word recognition system, but does not account for cognitive effects associated with
bilingualism.
In bilingualism research, a question that has come under closer investigation in recent
years is the role of linguistic distance in modulating language control and cognitive control.
According to the IC and BIA+ models, bilinguals who master two similar languages might
lead to greater cognitive control when it comes to inhibiting the non-target language.
Regarding the effect of linguistic distance on executive functions, the empirical evidence is
limited and mixed (Barac & Bialystok, 2012; Bialystok et al., 2015; Paap, Darrow, Dalibar &
Johnson; 2014; Prior & Gollan, 2011; Yang, Yang & Hartanto, 2017). Based on this model,
Experiment 1 of the fourth study (Chapter 6) aims to examine the modulating factorlinguistic distance - in bilingualism research, particularly the top-to-down control that highly
associated with language control; namely, domain-general control (i.e., global RT effect) and
inhibitory control (i.e., conflict effects).
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1.2.3. Joint activation of languages and executive control
Substantial evidence has shown that the effects of bilingualism may extend from the
linguistic domain to other cognitive domains, such as inhibitory control and domain-general
control. Hilchey and Klein (2011) proposed two hypotheses to account for the cognitive
consequences of bilinguals’ joint activation of languages: the Bilingual Inhibitory Control
Advantage (BICA) hypothesis and the Bilingual Executive Processing Advantage (BEPA)
hypothesis. This thesis examines both the two hypotheses with respect to language control in
bilinguals. Specifically, the last study examines the effects of linguistic distance on cognitive
control (Chapter 6), particularly inhibitory control (i.e., BICA) and domain-general control
(i.e., BEPA).
The BICA hypothesis is based on the IC model, which assumes that bilinguals
conferred a general inhibitory advantage in non-linguistic interference tasks. It proposes that
bilinguals will respond faster in tasks involving conflict (i.e., incongruent trials) and will thus
experience a smaller interference effect (in incongruent vs. control trials) when compared to
monolinguals. According to this hypothesis, in the absence of conflict, there would be no
difference between monolinguals and bilinguals. Research, however, has provided evidence
to the contrary; for example, Costa et al., (2008) found that bilinguals were faster overall than
monolinguals, regardless of the type of trial (i.e., congruent, incongruent and neutral trials).
Despite this limitation, the hypothesis explains the smaller interference effects in bilinguals in
comparison to monolinguals to some extent (Bialystok et al., 2004). In contrast, the BEPA
hypothesis assumes that bilinguals obtain a domain-general advantage in executive
processing, which is not restricted to the presence of conflict. This domain-general advantage
is also referred to as overall (i.e., global) RT effect. Therefore, bilinguals are predicted to
show a faster response in all conditions (i.e., incongruent, congruent and control trials) when
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compared to monolinguals. This hypothesis has been supported by previous studies
(Bialystok et al., 2005; Costa et al., 2009).
1.2.4. Language control and executive control
The “Unity / diversity” framework (Miyake & Friedman, 2012) highlighted three subcomponents of executive control (i.e., inhibition, updating, and shifting) through
confirmatory factor analysis of the correlations among a set of well-established executive
tasks: the Wisconsin Card Sorting Test (WCST), Tower of Hanoi (TOH), random number
generation (RNG), operation span, and dual tasking. The three components interacted with
each other but are clearly distinguishable: this might contribute differentially to performance
on executive tasks.
In last decade, research is moving away from an exclusive attention on inhibitory
control. In addition to inhibiting non-target language, bilinguals have to monitor their
different languages, switch back and forth between their two languages, and frequently adjust
their attention from non-target language to focus on target language while monitoring
conflict. This might lead to greater enhancement in other aspects of executive control.
Grundy et al. (2017) proposed an alternative approach to explaining the domain-general
cognitive control associated with bilingualism that was to consider the role of disengagement
of attention (e.g., sequential congruency effect), which is a top-down attention modulation
that reflects the conflict-driven adjustments in cognitive control (Egner, 2007). Based on the
“Unity / Diversity” framework and empirical evidence from previous studies (Costa et al.,
2008; Grundy et al., 2017), the first study (Chapter 3) examines the effects of language
learning on both inhibitory control and other aspects of executive control; namely, switching
ability and disengagement of attention.
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1.2.5. Interaction contexts and cognitive control
The Adaptive Control Hypothesis (ACH) (Green & Abutalebi, 2013) provides a
detailed description of bilinguals’ language control and implications for cognition in terms of
interactional contexts. Eight identified control processes were included: goal maintenance,
conflict monitoring, interference suppression, salient cue detection, selective response
inhibition, task disengagement, task engagement, and opportunistic planning. The different
demands of these cognitive processes recruited vary according to the interactional contexts
(i.e., single language, dual language, and dense code-switching). Specifically, in a singlelanguage context, one language is used in one environment and the other in a second, distinct,
environment. This context is assumed to increase the cognitive demands in terms of goal
maintenance and interference control. In a dual-language context, both languages are used but
with different speakers. This context is assumed to increase all the control processes except
opportunistic planning, with particularly increased demands for goal maintenance and
interference control. In a dense code-switching context, the two languages are systematically
integrated. Unlike the dual-language context, this context is assumed to significantly increase
the demands for opportunistic planning.
A growing number of studies have suggested that interactional context modulates the
consequences of bilingualism for language and cognition (Beatty-Martínez et al., 2019;
Hartanto & Yang, 2019; Jevtovic et al., 2020; Ooi et al., 2018). According to the ACH, the
different linguistic context might require different aspects of control processes. This thesis
adapts the ACH to examine the longitudinal effects of different pathways of language
acquisition (i.e., L2 immersion vs. instruction) and L2-dominant immersion environment on
cognitive performance (Chapter 5). Accord to the ACH, in the L2-dominant linguistic
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environment (single-language context), L2 learners might have to inhibit their dominant L1 to
the furthest extent, which might enhance their interference control.
1.3. Rationale and overview of thesis
The theoretical models in relation to language control and executive control have
proposed that the cognitive consequences of bilingualism appears to be modulated by the
specific bilingual experience. Hence, researchers have started to move away from examining
the existence of group differences between monolinguals and bilinguals on executive control
and instead placing a greater focus on different variables underlying specific bilingual
experience and their impact on different aspects of executive control. To address this issue,
this thesis presents a series of studies to examine the cognitive effects associated with
bilingualism and explore some less-investigated variables underlying bilingual experience
and their impact on executive functions, particularly the sub-components that are highly
involved in language acquisition, such as visual attention (e.g., reading and writing), auditory
attention (e.g., listening and speaking), and working memory (e.g., grammatical and lexical
acquisition).
The first study (Chapter 3) investigates the cognitive effects of different aspects of
language experience on executive functions in Chinese learners of English, with a particular
focus on the level of language proficiency, length of language use, and intensity of language
exposure. Given that bilingual experience is a continuous and dynamic process, hence, the
degree of bilingualism can be modulated by a variety of factors and, in turn, affects language
control and cognitive control. This study discusses multiple aspects of language experience
and examined their impact on different aspects of executive functions, suggesting that
different aspects of language experience can produce different cognitive effects.
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The second study (Chapter 4) focuses on the different effects of bilingualism on the two
types of inhibitory mechanism and the role of language proficiency in modulating executive
functions. Most existing research has examined the cognitive effects of bilingualism through
a range of non-linguistic tasks tapping into general “inhibitory control”, without
distinguishing between the two components of inhibition (i.e., interference suppression vs.
response inhibition), which may have led to mixed findings. This study suggests that
bilingualism mainly influence interference suppression, but not response inhibition.
Moreover, this study identifies language proficiency as a further contributing factor for the
emergence of group differences between monolinguals and bilinguals.
The third study (Chapter 5) explores the longitudinal effects of language instruction
versus immersion on executive functions in young adult Chinese speakers who continued
their English learning within an English-dominant environment. This study raises the
question as to whether the two pathways of language acquisition have different effects on
executive control. An additional question is whether the linguistic environment of language
learning plays a potential modulating role in language control and cognitive control. From the
perspective of research design, in addition to implementing traditional cross-sectional
comparative designs (e.g., beginning vs. advanced learners in Chapter 3 and monolinguals vs.
bilinguals in Chapter 4), a longitudinal design with four repeated assessments was used. The
research design with four-testing points, compared to the two-testing points (e.g., pre-test vs.
post-test), was chosen to provide a more stable and reliable measurement when aimed at
tracing within-subject changes.
The fourth study (Chapter 6) investigates whether linguistic differences (i.e., linguistic
distance and language script) extend to the cognitive domain as a result of language learning
in both Chinese and European populations. The linguistic differences between Chinese and
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European languages and their impact on cognitive processing have been well documented
(Athanasopoulos et al., 2009; Boroditsky, 2001; Coderre et al., 2008; Tavassoli, 2002). The
remaining question is how linguistic differences correlated with language learning and how
these, in turn, affects language control and cognitive control. More specific questions - for
instance, the role of linguistic distance in modulating language control and cognitive control
and how language script affects language acquisition and cognitive performance - remain
unclear. The first experiment examines the effect of linguistic distance in spoken languages
on executive functions in bilinguals, particularly the sub-components that highly involved in
language control, such as domain-general cognitive control and inhibitory control. The
second experiment investigates the effect of language script in written languages on cognitive
performance in Chinese and English native speakers, particularly the aspects that closely
correlated with language learning, such as visual and auditory attention, working memory,
and mental rotation. The results suggest specific cognitive effects of linguistic distance and
language scripts. However, this might interact with other factors, such as cultural differences
and education systems, which remain to be further studied.
In summary, this thesis examines the effects of different aspects of language learning
and the bilingual experience on different sub-components of executive functions. In addition
to the widely investigated variables associated with bilingualism (e.g., language proficiency,
language exposure, and length of language use), some less-investigated variables underlying
bilingual experience are also explored in the current thesis, such as pathways of language
acquisition (instruction vs. immersion), linguistic distance, and language scripts. To gain a
better understanding of the relationship between language control and inhibitory control, it
examines how bilingualism influence different types of inhibition mechanism (i.e.,
interference suppression vs. response inhibition). Moreover, it also investigates other
domains of cognitive control; namely, switching ability and disengagement of attention.
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From the perspective of research design, in addition to using a traditional cross-sectional
comparative design, a longitudinal design with four repeated testing points is used to provide
a relatively stable measurement of the changes of cognitive functions induced by learning
experience.
This thesis begins by providing a general introduction to the methodology in Chapter 2,
in which the groups of participants recruited and the selected tasks (i.e., experimental tasks
and background measures) used in each study are described. It also introduces the general
experimental procedures used and the data analysis. Chapters 3 - 6 are individual studies that
compose this thesis. The last part of this thesis (Chapter 7) provides a summary of the
research project and then the key findings and provides a general discussion. It concludes by
discussing the directions for further research.
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Chapter 2
Methodology
This chapter will address the issues related to the methodology in this thesis by
providing information about the participants involved in each study, the tasks used in each
study, a brief introduction to the experimental procedures used, and the data analysis.
2.1. Definitions of “bilingual” and “monolingual”
Second language learning is a global communicative practice (Kramsch & Thorne,
2002), and most education systems introduce second language learning in either primary
school or high school. Thus, it is obviously challenging to find pure “monolinguals” who
have only been exposed to one language in their whole lifetime, especially among
undergraduates who have received higher education and are our main participants. In this
thesis (Chapter 4), the term “monolingual” was used for the sake of simplicity. Luk and
Bialystok (2013) suggested that when assessing the consequences of bilingualism, language
proficiency and usage should be taken into consideration. Therefore, the criteria for recruiting
participants in this thesis are mainly based on two criteria. Monolinguals in this thesis are
operationalised as individuals who are not functionally fluent in any other language apart
from their native languages and their usage of L2 is limited to classroom learning.
“Bilinguals” are defined as being those who know more than one language and are
functionally proficient in these other languages. Some of the participants have spoken more
than two languages, for the reason of relevance to the research aims and simplicity, we use
the term “bilingual” for multilinguals.
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2.2. Participants
The population studied in the present thesis was comprised by young adults. The
studies that showed comparable cognitive performance (e.g., inhibitory control) in
monolinguals and bilinguals were mostly conducted with young adults (e.g., Kousaie &
Phillips, 2012; Paap & Greenberg, 2013; Samuel, Roehr-Brackin, Pak & Kim, 2018). Given
the nature of cognitive development across lifespan, general cognitive control usually reaches
and maintains the highest level of function during young adulthood. Thus, some behavioural
cognitive measures (e.g., cognitive tasks, such as the Stroop task) might not be sufficient
enough to capture the potential differences on cognitive performance between monolinguals
and bilinguals in young adult populations, who may perform at ceiling level. As the evidence
for the cognitive effects of bilingualism in younger adults is less consistent than in other age
groups, this thesis targets this particular population across all studies in order to shed light on
the issue of this consistency with respect to cognitive effects of bilingualism and exploring
the possible reasons behind it.
Different research questions are examined in this thesis, and therefore, the population of
participants varies in the different studies accordingly. The full sample included different
language groups: English monolinguals, Chinese learners of English (e.g., beginning vs.
advance), Chinese-English bilinguals, and English-X bilinguals (X refers to Indo-European
languages) (Table 2.1).
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Table 2.1 Basic information about the participants in the different studies
Study

Research theme

Language group

Participant (N)

1

Cognitive effects of
bilingualism

Beginning learners

61

Advanced learners

60

English monolinguals

37

2

Interference suppression and
response inhibition

English-X (high-proficient) bilinguals

39

English-X (low-proficient) bilinguals

35

Effect of language immersion
versus instruction

Language instruction

39

Language immersion

38

Cognitive effects of linguistic
distance and language script

Large vs. small linguistic distance

89 (Exp 1)

Chinese vs. English native speakers

121 (Exp 2)

3
4

Note: X are Indo-European languages

2.3. Background Measures
Raven’s Advanced Progressive Matrices (APM) (Raven & Foulds, 1962) was used as a
measure of nonverbal general intelligence to ensure that our group comparisons were at a
comparable baseline in basic cognitive abilities.
A questionnaire was administered in order to collect participants’ demographic and
language-related information. A variety of extraneous factors might interact with bilingualism
and modulate cognitive performance to some extent, including non-verbal intelligence (Peal
& Lambert, 1962), socioeconomic status (SES) (Calvo & Bialystok, 2014), education
(Amieva et al., 2014), the study of certain subjects (Burkholder, 2017), cultural factors (Barac
& Bialystok, 2012), and immigration status (Bialystok & Viswanathan, 2009). Moreover,
other types of experience have been reported to be highly correlated with executive functions,
such as video-game experience (Dye, Green & Bavelier, 2009), musical experience
(Bialystok & DePape, 2009), and physical exercise (Diamond & Lee, 2011), all of which are
potentially confounding variables. The use of questionnaire was attempted to ensure that the
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group comparisons were conducted at a comparable level through matching their background
measures. The questionnaire is the same across all four studies, except that two developed
questionnaires (i.e., pre-test and post-test questionnaires, details see the Appendix) were used
in Study 3 (details see Chapter 5).
2.4. Experimental Tasks
Five well-established non-linguistic cognitive tasks that tap into multiple dimensions of
executive control were employed:
•

the Attention Network Task (ANT) (Costa et al., 2008; Fan et al., 2002);

•

Number Stroop task (Hernández et al., 2010);

•

Elevator subtests of the Test of Everyday Attention (TEA; Robertson et al., 1994);

•

the Corsi Tapping Task (CTT; Bialystok, Craik & Luk, 2008);

•

Simon task (Bialystok, 2006).
The selection of tasks was done taking into account that the process of language

learning involves multiple fundamental and interactive components, such as visual ones (i.e.,
reading and writing), auditory ones (i.e., speaking and listening), and working memory (i.e.,
grammatical and lexical acquisition). Non-linguistic tasks were selected to avoid linguistic
influence. The designs and procedures used in each task will be explained in the methodology
section of each study.
Both the ANT and Stroop tasks are well-established measures of inhibition control, but
with different characteristics. Firstly, the two tasks tap into different aspects of attentional
abilities: the ANT focuses on the measures of alerting, orienting, and conflict effects, while
the Stroop task has an emphasis on facilitatory, interference, and conflict effects. Secondly,
the demand level of the two tasks is different: the ANT is less demanding than the Stroop
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task (details see Chapter 3). The demand level of specific tasks has rarely been investigated in
previous studies, which might be a potential confounding variable when it comes to the
inconsistent findings related to the cognitive effects associated with bilingualism (Bialystok,
2006; Costa, Hernández, Costa-Faidella & Sebastián-Gallés, 2009; Jiao, Liu, Wang & Chen,
2019). This potential confounding variable is examined in the first study (Chapter 3). Thirdly,
the ANT was used to measure interference suppression and the Stroop task was used to
measure response inhibition, tapping into two distinguishing components of inhibitory
control (see Chapter 4). Last but not least, the design of the task paradigm is different, for
example, the stimuli interval time, which might lead to different finding patterns regrading to
the sequential congruency effect (Grundy et al., 2017, also see Chapter 3).
The arrow version of the Simon task was included as a measure of response inhibition
in the second study (Chapter 4) and as a measure of general-domain executive control and
inhibitory control in the fourth study (Chapter 6). At first glance, these three tasks appear to
measure the same form of executive control; namely, the ability to respond to conflicting
alternatives. However, the question being addressed is to what extent the same latent variable
could affect individuals’ performance in the three tasks, i.e., to what extent the three tasks are
comparable in terms of inhibitory control. The most significant difference among the three
tasks is that the arrow Simon task provides a pure measurement of inhibition (Hommel,
2011). Firstly, it has been suggested that most tasks used to measure executive functions (EF)
involving both EF-process and non-EF process (Hartanto & Yang, 2019). For example, the
ANT included the cue information before the target trials appeared, which might involve
other forms of attentional control (i.e., alerting and orienting), although the three networks in
the ANT has been demonstrated to be independent (Fan et al., 2002). Secondly, the three
types of trials (i.e., congruent, incongruent, and neutral trials) in both the ANT and Number
Stroop task were randomly presented in one block, which might have introduced the potential
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influence of switching costs among the three types of trials. In the Simon task, the three types
of trials were assigned into separate blocks and without any cue information, thus removing
the potential influence of switching costs and other attentional controls, and thereby
providing a straightforward measurement of inhibitory control.
In terms of auditory attention, the three subtests of Elevator tasks of the TEA have been
applied in recent bilingualism research to assess auditory executive control (Ooi et al., 2018;
Bak et al., 2016; Vega-Mendoza et al., 2015). Most of the existing literature about
bilingualism emphasises the visual domain; however, given the fact that process of acquiring
an L2 includes both the visual and auditory domains, it is appropriate to include the TEA in
the test battery.
Another key component associated with language learning is working memory (WM),
which has been widely examined in bilingualism research (D’Angiulli et al., 2001; Meuter &
Ehrich, 2012), but the findings were controversial. For example, Meuter and Ehrich (2012)
reported that bilinguals (i.e., Chinese-English) with a logographic first language had a greater
WM span than those who had alphabetic first languages (i.e., French-English bilinguals and
English monolinguals). In language pairs with similar scripts, D’Angiulli et al. (2001) found
that English-Italian bilingual children showed comparable performance on working memory
tasks that were presented in both languages. In contrast, no group differences were found to
exist between Chinese and English monolinguals (both young and older adults) in relation to
WM (Hedden et al., 2002). The Corsi tapping task (i.e., forward and backward conditions)
was selected as a measurement of WM (Bialystok et al., 2008; Luo et al., 2013). It has been
suggested that there is a strong correlation between the orientations of writing systems and
mental rotation (Chan & Bergen, 2005). This thesis included Chinese participants who had
logographic scripts with flexible orientations of writing systems. Hence, this thesis included
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an adapted Corsi blocks paradigm from Keehner and Gathercole (2007) as an assessment of
mental rotation.
2.5. Experimental Procedure
Participants completed the experiment in one session in all studies except the third
study, which took around 80 to 90 minutes. In the third study, which examined the effect of
language immersion versus instruction on cognitive abilities, a longitudinal design was used;
thus, participants completed the whole experiment over four repeated sessions (see Chapter
5). Figure 2.1 illustrates how the one general session was administered.

Figure 2.1 - Pictorial illustration of participants’ experiences in one session. The Raven’s
APM example is taken from Advanced Progressive Matrices, Set I by J.C.
Ravens, and G.A. Foulds, 1958, p. 1. Copyright (1978) by H.K. Lewis & Co. Ltd.
2.6. Data Analysis
The motivation for using linear mixed-effect models (LMMs) instead of the traditional
repeated measure ANOVA for the main analyses is discussed as follows. There are some
advantages of using LMMs over ANOVA from both statistical and theoretical perspectives.
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From a statistical point of view, there are three main advantages of using LMMs over
ANOVAs.
Firstly, the LMM provides the option to specify random factors, such as subjects and
items (i.e., experimental trials in the selected tasks). In addition, the random effects can
model different types of random effects structures. Secondly, the LMM model can contain
multiple independent variables, including categorical variables (e.g., monolingual vs.
bilingual, Chinese vs. English, etc.), continuous factors (e.g., age, Raven’s scores, AoA, and
SES), and their interactions. Dependent variables can also be either continuous (e.g., reaction
time) or binominal (e.g., right and wrong answers in the accuracy analysis, GLMM).
Moreover, the use of a longitudinal research design can test for the fixed effects of linear or
quadratic trends. Thirdly, the LMM is robust when it comes to missing data or unbalanced
data. For example, in Study 2 examining the effects of bilingualism on different types of
inhibitory control, the number of participants were not equally distributed.
From an experimental psychological research perspective, some additional advantages
are gained when using the LMM over ANOVA, especially in relation to the experiments on
visual attention (Kliegl, Wei, Dambacher, Yan & Zhou, 2011).
Firstly, the LMM can estimate not only the effects and interaction effects of the
experimental variables; it can also simultaneously estimate the parameters of the variance and
covariance components of random effects. Secondly, the LMM has much more statistical
power than ANOVAs in unbalanced designs, in which the lack of balance is not a result of
missing data but of the experimental design. It has been suggested that performance is
assessed much more reliably in a valid cue condition than an invalid cue condition.
Traditional repeated measures of ANOVAs normally average the response times to a single
value per cue condition, which might ignore the imbalance design and subsequent differences
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in reliability (Kliegl et al., 2011). For example, in the ANT, there are four cueing conditions
before the stimuli appears. The valid cue (i.e., single-cue) might lead to a much faster
response than the invalid cues (i.e., no-cue, double-cue, and centre-cue). Thirdly, the LMM
includes all the raw data, which means a larger number of data-points are included to
generate a more complete random effects structure. These random structures allow the
researcher to add random intercepts and slopes both for subject and item (i.e., experimental
trial). The random effects structure is based on the hypothesis that individuals’ performance
may not only vary from each other, but also across single trials.
All the analyses were conducted by fitting models from the lme4 packages (Bates,
Mächler, Bolker & Walker, 2014) in R (Version 3.6.1, The R Foundation for Statistical
Computing, 2019). In all the studies with a cross-sectional comparative design, the analyses
were conducted in two steps: the initial analysis and main analysis. In the initial analysis,
background measures were analysed in order to match participants’ demographic information
to void the confounding effects. If there was group difference in the background measures,
then these variables were included in the main analysis as fixed factors.
In the main analysis, different models were employed according to the specific tasks
and the research questions. As for the computerised RT-based tasks, such as the ANT,
Stroop, and Simon tasks, mixed-effect models were used. As for the accuracy rate analyses,
all the model characteristics were retained except when applying the generalized linear
mixed-effect (GLMM) model with accuracy as the dependent variable. As to the TEA and
Corsi Tapping tasks, which were scored as accuracy rate, linear models (LMs) were used.
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Chapter 3
Language learning and executive control
3.1. Introduction
It has been suggested that bilinguals’ constant management of two jointly activated
languages (e.g., selecting the target language while inhibiting the non-target language) might
require cognitive effort, thus, leading to relatively efficient and enhanced cognitive control
compared to monolinguals (Bialystok, Craik & Luk, 2012). Earlier studies examining the
cognitive effects of bilingualism have focused on early simultaneous or successive bilinguals
who acquire both languages in their early childhood, demonstrating significant cognitive
effects associated with bilingualism (Peal & Lambert, 1962; Bialystok, 1999).
This raises the question whether such cognitive effects extend to young adulthood
second language (L2) learners who have acquired their L2s in later childhood or early
adulthood. Recently, a growing body of evidence has shown that different aspects of
individuals’ L2 experience, such as age of acquisition (AoA), proficiency, exposure, and
switching patterns, all likely to modulate the degree of bilingualism and, in turn, affects
executive functions (Bak, 2006; Bonfieni, Branigan, Pickering & Sorace, 2019; Ooi, Goh,
Sorace & Bak, 2018; Vega-Mendoza, West, Sorace & Bak, 2015).
Learning a second language, often in a formal setting of school or university, is a very
common phenomenon in the modern world. It has been estimated that there are 1.5 billion
English-language learners worldwide (Kenneth, 2020). Given the number of people across
the world learning second languages, it is important to examine the potential cognitive effects
of bilingualism in this population. Moreover, this can shed light on the key aspects of the
bilingual experience that are responsible for the emergence of the cognitive effects of
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bilingualism. Hence, the current study aims to examine the potential cognitive differences in
early adulthood Chinese learners of English who varied with regard to their proficiency (i.e.,
beginning vs. advanced learners), whilst investigating the role of other aspects of language
experience (e.g., intensity of language exposure and length of language use) in modulating
executive functions.
3.1.1. The inconsistence of cognitive effects of bilingualism
The differences on cognitive performance between monolinguals and bilinguals have
not been consistently replicated, and concerns and questions have been raised regarding the
reliability and replicability of the cognitive effects associated with bilingualism (Paap &
Greenberg, 2013; Paap, Johnson & Sawi, 2014). There are a number of variables that might
account for this inconsistence.
One factor which could have contributed to the null results could be the age of
participants. The studies that showed comparable cognitive performance in monolingualbilingual comparisons were mostly conducted with young adults (Kousaie & Phillips, 2012;
Paap & Greenberg, 2013; Samuel, Roehr-Brackin, Pak & Kim, 2018). Generally, cognitive
development shows fast growth during early childhood, reaching and maintaining the highest
level of function during young adulthood, and subsequently declining with age in late
adulthood (Anstey, 2016; Casey Tottenham, Liston & Durston, 2005; DeLuca et al., 2003).
Thus, some behavioural cognitive measures might not be sufficient enough to capture the
potential differences on cognitive performance between monolinguals and bilinguals in
young adult populations, who may perform at ceiling level. For example, Bialystok, Martin
and Viswanathan (2005) examined the cognitive effects of bilingualism across lifespan by
comparing performance in the Simon task in 5-year-old children, undergraduates, and older
adults. The results showed better performance in bilinguals relative to monolinguals, but
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these monolingual-bilingual group differences were absent in the young adults, specifically
university undergraduates. However, Valian (2015) proposed a different interpretation, such
that young adults have accumulated many other cognitively enriching experiences, which
could affect the group differences between monolinguals and bilinguals. Beneficial
challenging experiences may include examples that have been demonstrated to be cognitively
demanding, such as musical and video-gaming experiences, as well as other examples that
have not yet been thoroughly studied.
The second reason could be the characteristics of the selected tasks (e.g., high-demand
vs. low-demand). It appears that the cognitive effects associated with bilingualism for young
adults tend to be absent in tasks or conditions with low demands, in which participants might
perform at ceiling. For instance, Bialystok (2006) found that monolingual-bilingual group
differences were limited to a more demanding version of the Simon task. Similarly, Costa,
Hernández, Costa-Faidella and Sebastián-Gallés (2009) reported that the bilinguals’ superior
performance in comparison to monolinguals was only presented in the high-monitoring
condition in the Flanker task (i.e., 75% congruent vs. 25% incongruent trials). Recently, Jiao,
Liu, Wang and Chen (2019) only observed bilingual-monolingual group differences in
response inhibition when increasing demands on working memory processing. Qu, Ow,
Zhang and Li (2016) explained that individuals’ cognitive resources were limited and on
tasks with low demands, executive control might not be activated due to relatively automatic
responses, resulting in performance at ceiling (Macnamara & Conway, 2014).
The third reason could be individuals’ language experience, such as the degree of
bilingualism. Given that bilingualism is a multidimensional, continuous, and dynamic
phenomenon and varies with respect to many factors, the specific bilingual experience plays
an important role in modulating the degree of bilingualism. A higher degree of bilingualism
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characterised by, for example, high L2 proficiency (Singh & Mishra, 2015), intensive L2
exposure (Bonfieni et al., 2019), and long length of L2 use (Bialystok & Barac, 2012), has
been associated with better cognitive performance. Vega-Mendoza et al. (2015) examined
cognitive functions in late non-balanced bilinguals who were first-year (Y1) and fourth-year
(Y4) students differing in L2 proficiency. In selective attention, bilinguals outperformed
monolinguals in Y1 and Y4, with an overall improvement in both groups. In attentional
switching, the two groups showed comparable performance in Y1 but a group difference in
Y4, which could be due to the relatively higher language proficiency in the Y4. The results
suggest that different cognitive effects of bilingualism might appear at different stage of L2
acquisition. Hence, identifying individuals’ language experience is crucial for understanding
the language control in bilinguals; importantly, it may partly explain the reasons behind the
conflicting evidence with respect to the cognitive effects of bilingualism.
3.1.2. The sequential congruency effect (SCE)
Most studies exploring the potential effects of bilingualism have focused on executive
control, especially conflict resolution and switching skills, in which the inconsistence of the
cognitive effects of bilingualism has been reported. An alternative aspect of cognitive control
associated with language control could be the disengagement of attention from previous/
irrelevant information (i.e., sequential congruency effect). The empirical evidence with
respect to this aspect is limited and mixed.
The sequential congruency effect (SCE) also referred to as the “conflict adaptation
effect” (Botvinick, Braver & Barch, 2001) or the ‘‘Gratton effect” (Gratton, Coles &
Donchin, 1992), has been shown to be critical for understanding of the executive control in
tasks involving conflict resolution (review in Egner, 2014). The most direct evidence of
monolingual-bilingual differences in relation to disengaging attention was provided by a
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study (Grundy, Chung-Fat-Yim, Friesen, Mak & Bialystok, 2017), in which congruent and
incongruent trials were divided into four trial types based on the previous trial type: current
congruent trials (C) following previous congruent trial (cC) and incongruent trial (iC), current
incongruent trials (I) following previous congruent trial (cI) and incongruent trial (iI). This
resulted in two types of congruency effects: c-congruency effect (cI vs. cC) and i-congruency
effect (iI vs. iC). The SCE indexed by the difference between the two-congruency effects (ccongruency vs. i-congruency effects). Smaller SCEs indicated less influence of previous trials
on the performance for both congruent and incongruent trials, such as faster disengagement
of attention from previous trials. Grundy et al. (2017) reported comparable performance
between monolinguals and bilinguals on mean response time using standard analyses for
congruent or incongruent trials or the size of the flanker effect but observed significant
smaller SCEs for the bilinguals than for the monolinguals. Combined with the behavioural
and neuroimaging evidence, they concluded that bilinguals had greater disengagement of
attention and experienced less influence from the previous trials than monolinguals did.
These findings were interpreted as the result of extensive experience in disengaging attention
in terms of managing two different languages for bilinguals.
With respect to the disengagement of attention, limited and mixed findings have been
reported. Some studies have suggested that bilinguals are able to disengage attention from the
previous trial faster than monolinguals, indicating better executive control. For example,
Costa, Hernández and Sebastián-Gallés (2008) found that individuals’ responses for a given
trial were affected by previous trial and monolinguals showed a larger switching cost for
congruent trials than bilinguals, demonstrating that bilinguals were less influenced by
previous trials. Similarly, Mishra, Hilchey, Singh and Klein (2012) reported that highproficient bilinguals showed a faster disengagement of attention from irrelevant information,
with an earlier appearance of inhibition of return than that of low-proficient bilinguals.
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Recently, Grundy and Chahi (2017) found that the post-conflict slowing effects disappeared
in the first two trials in the bilinguals but existed up to 12 trials in the monolinguals, which
was interpreted as evidence for faster disengagement of attention for the bilinguals. In
contrast, other studies have shown the opposite pattern. Treccani et al. (2009) found a smaller
cost of the distractor presence (i.e., better inhibitory control), but a larger cost when the
distractor position became relevant in the following trial (i.e., negative priming effect).
Blumenfend and Marian (2011) further suggested that this cognitive control might depend on
the time interval between inhibition and disengagement of inhibition, and also presumably on
differences in the bilingual experience, such as language proficiency.
3.1.3. The current study
While many studies comparing lifetime monolinguals to bilinguals to examine the
cognitive effects of bilingualism, comparatively fewer studies have investigated whether
these effects extend to young adult L2 learners (i.e., beginning vs. advanced learners), who
have acquired their L2 in late childhood or early adulthood. Given that the evidence for the
cognitive effects of bilingualism in younger adults is less consistent than in other age groups
and the fact that the bilingual experience plays an important role in modulating cognitive
performance, we target this particular population in order to shed light on the issue of this
inconsistency and exploring the possible reasons behind it.
The selection of tasks (see 2.3. Experimental tasks for details) takes into account that
language learning entails fundamental and interactive domains, such as the visual (e.g.,
reading and writing), auditory (e.g., speaking and listening), and working memory (e.g.,
grammatical and lexical acquisition) domains. Importantly, the combination of multiple tasks
can avoid the issue of task impurity (Miyake & Friedman, 2012). It has been suggested that
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the use of single indicators may be difficult to establish whether the measured performance is
a reflection of task-specific or ability-general effects (Shipstead, Redick & Engle, 2012).
Apart from the traditional standardised analyses of indexes in the ANT and Stroop task,
following Grundy et al. (2017), we also provided additional analyses to examine the
switching cost for congruent and incongruent trials (Costa et al., 2008) and disengagement of
attention from previous trials. This top-down attention modulation reflects conflict-driven
adjustments in cognitive control (Egner, 2007).
Last but not least, it has been suggested that evidence favouring the cognitive effects of
bilingualism derives from studies with a relatively small sample size and hence lower
statistical power to detect true effects (Button et al., 2013; Paap & Sawi, 2014), while large
scale studies are more likely to yield null results (von Bastian, Souza & Gade, 2016). To
avoid the issue of small sample size, a growing number of studies includes a relatively large
sample size (Costa et al., 2008; Ooi et al., 2018). The current study obtained a sample of 121
participants.
In summary, the present study builds on previous studies (Costa et al., 2008; Grundy et
al., 2017) but goes further by using a variety of non-linguistic tasks, a relatively large sample
size, and additional analyses based on both the previous and current trials. It aims at (1)
examining the cognitive effects of bilingualism in young adult L2 learners in multiple
domains (i.e., visual, auditory, and working memory), (2) investigating different aspects of
bilinguals’ language experience (e.g., length of L2 use and intensity of L2 exposure) in
modulating executive functions. Given that young adults are more likely to perform at ceiling
level in cognitive tasks with relatively low demands (Bialystok, 2006), we predicted that the
group differences would emerge in a task with relatively high demand. As to different aspects
of bilingual experience; namely, higher L2 proficiency, longer length of L2 use, and intensive
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L2 exposure, we predicted that all the three aspects would associate with better cognitive
performance (Bialystok & Barac, 2012; Bonfieni et al., 2019; Singh & Mishra, 2015).
3.2. Method
3.2.1. Participants
A total of 121 Chinese learners of English were recruited from the Hubei University,
Wuhan, China. Second language learning is a global communicative practice (Kramsch &
Thorne, 2002) and the contemporary Chinese education system has introduced English
learning in either primary or second education, it is impossible to recruit a pure
“monolingual” with no exposure to any other language than their mother tongue. Hence, we
recruited two groups of late English learners (i.e., beginning vs. advanced), who varied with
regard to their level of L2 proficiency and degree of L2 exposure. Beginning late L2 learners
(n = 61; MAoA = 9.11 years) were defined as those who were not functionally fluent in any
sub-categories of English (i.e., reading, speaking, understanding, and writing) when recruited
to participate in the study; they were asked to self-report their overall English proficiency (the
scale is 1-7 marked from “poor” to “excellent”) and their ability of holding a conversation in
English. Considering the small scale used in the language questionnaire (i.e., 1- 4) adopted
from a previous study (Ooi et al., 2018), the relatively larger scale was only used for
recruitment. Only those whose scores were lower than or equal to 3 and could not hold a
conversation in English were recruited to the testing session as beginning learners. Two
participants had learned their local minority languages. Removing or adding the two
participants did not change the results; thus, they were kept in the main analyses. Most
participants were the first-year students majoring in Physical Education (78.7%), but also
included some other disciplines (21.3%; Business: 4; Chemistry: 4; Art: 3; Biology: 2). They
had been enrolled in the university for two months and attended two English classes (90
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minutes/ classes) every week; their usage of English was limited to classroom learning. The
reasons for choosing students from the Physical Education major are the following: first, their
required scores of standardised university entrance English test are relatively lower; second,
their time for English learning and exposure is relatively shorter and less intensive than for
other students; third, their self-reported English proficiency was much lower and insufficient
to hold a very basic conversation. In the testing session, they were asked to rate their English
skills in a language questionnaire (the scale is 1- 4, marked from “poor” to “native/ near
native”). Two participants’ proficiency was too low to be reported and was left blank, 13
participants reported as the lowest scores (i.e., 1) for each of language sub-categories, and 22
participants have reported as least one sub-category as the lowest score. We compared these
participants with the remaining participants who self-rated on language subcomponents equal
or higher than 2 on all measures and found no group differences in any measures (all ps >
.05). Thus, we kept the remaining participants in the beginning group.
Advanced late L2 learners (n = 60; MAoA = 9.8 years) were predominantly first (Y1) and
fourth-year (Y4) undergraduate students, majoring in English. They were recruited with selfreported English proficiency higher than or equal to 4 and the ability to hold a conversation.
By the time of testing, Y1 and Y4 had different L2 acquisition experience: the Y1 students
had been receiving intensive English-major courses for two months and spent significantly
longer time on English learning daily, while the Y4 students had been receiving cumulative
similar English learning experience as the Y1 students for at least three years, but much less
intensive English exposure and spent fewer hours on English daily. This is due to the fact that
they were approaching the end of their programme and had fewer classes. There were some
participants from the other years of study: 8 were second-year undergraduate students, 3 were
third-year undergraduate students, and 7 were first-year master students. Participants’

34

demographic information is given in Table 3.1. This study was approved by the Psychology
Ethics Committees from both the University of Edinburgh and the Hubei University.
3.2.2. Background measures
The Raven’s Advanced Progressive Matrices (APM)
The APM (Raven & Foulds, 1962) was used as a control of nonverbal general
intelligence. We adopted Set I (i.e., Item 5 or Item 7) as practice and Set II as experimental
testing. The design of the Matrices ensures that the demand of the level gradually increases
with the items. Participants were instructed to complete the matrices item by item in 10
minutes and were told that if they were having difficulty with a specific item, they could
guess the answer and continue to the next one. They started with Item 1 and had to answer as
many items as they could. The results were scored as the number of correct items for each
participant.
Questionnaire
Participants completed both a background questionnaire, including both demographic
and language related information. Factors that have previously been reported to highly
correlate with cognitive performance were also collected, such as socioeconomic status (SES;
Xie & Pisano, 2018), age of L2 acquisition (AoA; Tao, Marzecova, Taft, Asanowicz &
Wodniecka, 2011), musical experience (Bialystok & DePape, 2009), and video-gaming
experience (Bialystok, 2006).
3.2.3. Experimental Tasks
Four non-linguistic cognitive tasks (i.e., the Attention Network Task-ANT, the Number
Stroop task, the Elevator subtests of the Test of Everyday Attention-TEA, and the Corsi
Tapping task) were employed to measure different aspects of executive functions. In the two
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computerised tasks (i.e., ANT and the Stroop task), all stimuli were presented on E-Prime
(version 2.0) on a 17-inch computer screen. A schematic representation of each task is
depicted in Figure 3.1.

Figure 3.1 - Schematic representation of the computerised tasks: a) ANT and b) Stroop.
Attention Network Task (ANT)
This task is a well-established assessment of attentional capacities (i.e., alerting,
orienting, and inhibition) (Fan, McCandliss, Sommer, Raz & Posner, 2002), and has been
widely used to investigate the cognitive effects of bilingualism (e.g., Costa et al., 2008).
Participants were instructed to respond to the central arrow of the five horizontal arrows
presented in the middle of the screen either below or above a fixation cross. They were
required to respond (by pressing the mouse “left” and “right”) as quickly and accurately as
possible with their dominant hand. There were three types of trials: congruent, neutral,
incongruent, and four cueing conditions: single, double, centre and no cue. These cues
provided information about the location of the arrows (i.e., single cue), the occurrence of the
arrows (i.e., double and centre cue), or no information (i.e., no cue). Three attentional indices
were assessed by the difference in RTs / accuracy rate between the following trials: ANT
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conflict (congruent vs. incongruent trial); ANT alerting (double-cue vs. no-cue); ANT
orienting (centre-cue vs. single-cue). Participants started with a practice block consisting of
24 trials and followed by three experimental blocks of 96 trials each. All stimuli were
presented randomly at an equal number of times in each block. Feedback on performance was
only provided in the practice block.
Number Stroop task
To avoid any linguistic influence, we used a numerical version of the Stroop task
adapted from Hernández, Costa, Fuentes, Vivas and Sebastián-Gallés (2010), which is a
widely adopted task in the field of bilingualism. In this task, participants were asked to count
digits or symbols presented on the centre of the screen by pressing the keys 1, 2, or 3 on the
keyboard while ignoring the numerical value of the digits. There were three experimental
conditions: congruent condition, incongruent condition, and neutral condition. Executive
control was assessed in this task through three measures: Conflict effect (incongruent vs.
congruent trial); Facilitation effect (control vs. congruent trial) and Interference effect
(incongruent vs. control trial) (Stroop, 1935). Participants were given a practice block with 18
trials which were followed by two experimental blocks of 90 trials each. Feedback on
performance was only provided in the practice block.
Test of Everyday Attention (TEA)
The TEA (Robertson, Ward, Ridgeway & Nimmo-Smith, 1994) is a well-established
clinical assessment of attention, which has also been used in previous bilingualism research
(Bak et al., 2014; Vega-Mendoza et al., 2015). Previous studies have shown that the
participants’ performance on the Elevator with Counting usually reached ceiling level, thus
we selected the other two subtests of Elevator Tasks to measure executive control in the
auditory domain. All tasks were presented through media player.
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a) Elevator with Distraction (ED: 10 trials): this task assesses auditory selective
attention/inhibition. Participants were asked to count low tones while ignoring
interspersed high tones.
b) Elevator with Reversal (ER: 10 trials): this task assesses auditory attentional
switching (auditory-verbal working memory). Participants were presented with high,
middle, and low tones. The middle tones were to be counted while the high and low
tones indicated the counting direction (upwards and downwards, respectively).
Corsi Tapping Task (CTT)
The Corsi Tapping task (Wechsler Memory Scale-III, Wechsler, 1997) was
administered as a measure of visuospatial memory span (forward condition) and working
memory (backward condition), which has been used to assess working memory in
bilingualism research (Bialystok, Craik & Luk, 2008). This task was presented on a plastic
whiteboard (27.5 cm × 21cm) with ten blue cube-shaped numbered blocks (3 cm × 3 cm;
from 1 to 10). During the testing, the board was placed between the experimenter and the
participant, and the numbers were only visible to the experimenter. In the forward condition,
the experimenter tapped a sequence of blocks at a rate of approximately one second per block
in a predetermined order and participants had to reproduce the tapping sequence with the
same blocks and same order. In the backward condition, all the procedures were the same
except that the participants had to reproduce the tapping in the reversed order. There were
eight items in both the forward and backward conditions, varying from two two-block trials
to two nine-block trials.
3.2.4. Statistical analyses
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All analyses were conducted by fitting models from the lme4 packages (Bates, Mächler,
Bolker & Walker, 2014) in R (Version 3.6.1, The R Foundation for Statistical Computing,
2019).
In the initial analysis, background measures with a continuous scale (e.g., SES and
AoA) were analysed using one-way ANOVA, and other experience measures on a nominal
scale (e.g., gender) were analysed using the chi-squared test. The background measures that
indicated group differences were added to the models in the main analyses.
In the main analyses, mixed effect models were employed. Before RT data analyses,
following Ooi et al. (2018), we excluded the trials for which RTs were outside of 3-SD of
each participant mean across all trial types and RTs associated with incorrect responses. In
RT analyses, linear mixed-effect models were conducted, with RT as the dependent variable,
Group (i.e., Beginning vs. Advanced learners), and Trial Type (e.g., congruent vs.
incongruent trials in the model for Conflict effect) as fixed variables, and participants and
items as random variables (e.g., including random intercepts for each participant and item).
The Trial Type was varied according to the effects of interest. Fixed variables were allowed
to interact with each other in a single model. For reasons of relevance to the research
questions, background measures were added into the model without interaction with the other
fixed variables. All participants showed comparable performance (both ps > .05) and
relatively high accuracy rate in the RT-based tasks (i.e., ANT: 98.18% and Stroop: 96.34%),
therefore, we did not analyse the accuracy data. We checked the model by adding slopes or
not to select the best-fitted models (Baayen, Davidson & Bates, 2008). The results showed
that only adding a slope for each participant (e.g., for the random effects in the mixed effect
models: (1+ TrialType | Subject)+ (1 |Item)) provided the best model fit.
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As to the two subtests of the TEA and Corsi Tapping task, the accuracy rate was
obtained based on the number of correct responses. Linear regression models were used with
the accuracy rate as a dependent variable, and Group as a fixed variable.
3.3. Results
3.3.1. Initial analyses
There were no group differences on SES (p = .767) or AoA (p = .106). Both groups
showed comparable performance on the APM (IQ) (p = .50), indicating comparable basic
cognitive abilities at the baseline.
Group differences were found for age, gender distribution, and L2 proficiency (all ps <
.05) (see Table 3.1). Both gender and age were put into the models as fixed variables,
indicating that the main effects of Group and Trial Type were interpreted as controlling for
the effects of these background measures.
Table 3.1 - Participants’ demographic information and cognitive measures. SDs are given in
parentheses.
N/% female
Age in years
SES indexed by Parents’ Education i
IQ indexed by Raven’s APM ii
Corsi Tapping Task
Forward
Backward
Age of L2 Acquisition in years
Self-reported L2 Proficiency iii
Overall
Writing
Reading
Speaking
Understanding

Advanced learners
60 / 91.67%
19.82 (1.88)
4.87 (1.61)
15.8 (3.62)

Beginning learners
61 / 42.62% *
18.75 (1.29) *
4.96 (1.44)
15.43 (3.47)

54.58 (8.75)
43.23 (11.41)
9.8 (2.18)

52.15 (9.05)
46.21 (9.77)
9.11 (2.44)

10.97 (1.76)
2.76 (0.54)
2.87 (0.54)
2.63 (0.58)
2.78 (0.52)

6.98 (2.11) *
1.79 (0.61) *
1.84 (0.72) *
1.59 (0.59) *
1.81 (0.68) *

i

Composite score based on parental education level. The scale ranged from 1: primary school, 2:
middle school, 3: high school, 4: Bachelor’s or equivalent to, 5: postgraduate
ii
Raven’s APM scores were the number of corrected items (the total number was 36)
iii
The scale of self-reported L2 proficiency is 1 - 4, marked by “poor” to “native/near native”
*
The difference between the groups was statistically significant
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3.3.2. Main analyses
ANT
A total of 3.10 % trials were excluded. Overall performance (i.e., RTs and accuracy
rate) is illustrated in Figure 3.2. Mean RTs on the respective trial types are given in Table 3.2.

Figure 3.2 - Overall performance on the ANT and Stroop by group, collapsed across trial
type. Error bars represent ±1SE.
Table 3.2 - ANT indices by group. SDs are given in parentheses.
Congruent
Incongruent
Conflict
Double-cue
No-cue
Alerting
Single-cue
Centre-cue
Orienting
Non-switching
Switching
Switching Cost
C-Congruency
I-Congruency
SCE

Advanced learners
491 (58)
584 (71)
93 (27)
515 (59)
554 (64)
39 (18)
488 (60)
526 (61)
38 (19)
519 (58)
522 (62)
3 (11)
99 (32)
88 (31)
12 (30)

Beginning learners
494 (58)
592 (63)
98 (26)
520 (57)
560 (63)
40 (22)
488 (56)
531 (60)
44 (18)
519 (56)
527 (59)
9 (14) *
109 (37)
83 (28)
26 (36) *

*

The difference between the groups was statistically significant.
Note: Conflict: con vs. incon; Alerting: double-cue vs. no-cue; Orienting: centre-cue vs. single-cue;
Switching: non-switching vs. switching; SCE: C-congruency (cI vs. cC) vs. I-congruency (iI vs. iC).
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All the outputs were model estimates, and since the effects of gender and age were not
statistically significant in all models, results related to our research questions are presented in
Table 3.3. The results showed that both groups had similar mean RTs. We were interested in
the interaction between Group and Trial Type, and the only statistically significant interactions
were observed in the Switching Cost and SCE: advanced learners showed a smaller switching
cost and SCE compared to beginning learners, indicating better abilities in switching and faster
disengagement of attention for advanced learners. No significant interactions were found on
Alerting, Orienting and Conflict effects, indicating comparable performance on these measures
in both groups.
Table 3.3 - RTs (ms) estimates across Group and Effects in the ANT
Group (Overall performance)
Conflict
Group: Conflict
Alerting
Group: Alerting
Orienting
Group: Orienting
Switching
Group: Switching
Previous Congruency
Current Congruency
Group: Previous Congruency
Group: Current Congruency
Previous Congruency: Current
Congruency
Group :Previous Congruency:
Current Congruency

Est
4.12
96.63
5.14
39.44
0.93
42.58
-5.69
6.14
4.85
0.18
95.91
-4.04
2.87
18.82

SE
13.01
11.18
4.84
20.56
3.59
20.15
3.38
1.05
2.10
1.49
10.97
2.99
5.00
2.89

df
117.00
32.26
119.08
22.14
118.35
22.12
118.13
118.54
118.58
117.78
32.17
117.84
119.06
14444.32

t
0.32
8.65
1.06
1.92
0.26
2.11
-1.68
5.85
2.31
0.12
8.74
-1.35
0.57
6.51

Pr (>|t|)
0.75
0.00
0.29
0.07
0.80
0.046
0.10
0.00
0.02
0.90
0.00
0.18
0.57
0.00

13.94

5.78

14442.56

2.41

0.02

***

*

***
*

***

***

*

Significant codes: ‘p < .001 ***’ ; ‘p < 0.01 **’ ; ‘p < .05 *’
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Number Stroop Task
A total of 5.15% trials were excluded. Overall performance is illustrated in Figure 3.2.
Mean RTs on the respective trial types are given in Table 3.4.
Table 3.4 - Stroop indices by group. SDs are given in parentheses.
Advanced learners

Beginning learners

Congruent

538 (78)

541 (64)

Control

565 (85)

571 (67)

Incongruent

601 (88)

616 (79)

Facilitation

27 (22)

29 (18)

Interference

36 (29)

45 (30)

Conflict

63 (32)

75 (34) *

Non-switching

570 (84)

579 (70)

Switching

565 (83)

572 (67)

Switching Cost

-5 (19)

-7 (17)

C-Congruency

45 (40)

62 (45)

I-Congruency

69 (48)

80 (38)

SCE

-23 (65)

-19 (55)

*

The difference between the groups was statistically significant.
Note: Stroop: con vs. incon; Interference: incon vs. control; Facilitation: con vs. control; Switching
Cost: non-switching vs. switching; SCE: C-congruency (cI vs. cC) vs. I-congruency (iI vs. iC).

Table 3.5 shows significant interactions between Group and Conflict, and between
Group and Current-Trial Congruency, indicating that beginning learners experienced a larger
conflict effect than advanced learners. No significant interactions were found on Interference,
Facilitation, Switching, and SCE, indicating comparable performance on these measures in
the two groups.

43

Table 3.5. - RTs (ms) estimates across Group and Effects in the Stroop
Group (Overall Performance)
Interference
Interference: Group
Facilitation
Facilitation: Group
Conflict
Conflict: Group
Switching
Switching: Group
Previous Congruency
Current Congruency
Group: Previous Congruency
Group: Current Congruency
Previous Congruency: Current
Congruency
Group :Previous Congruency:
Current Congruency

Est
13.16
42.57
9.54
28.12
2.81
69.68
12.20
-4.58
-1.33
56.19
64.59
5.30
13.88

SE
16.87
16.38
5.40
10.07
3.66
15.05
6.05
1.58
3.15
2.89
13.93
5.78
5.91

df
117.01
7.14
118.21
4.06
118.15
7.28
118.38
120.29
119.89
146.45
7.15
146.17
140.87

t
0.78
2.54
1.77
2.79
0.77
4.63
2.02
-2.90
-0.42
19.44
4.64
0.92
2.35

Pr(>|t|)
0.44
0.04
0.08
0.048
0.44
0.00
0.046
0.01
0.67
0.00
0.00
0.36
0.02

19.92

4.15

8864.42

4.80

0.00

-5.50

8.29

8863.68

-0.66

0.51

*
.
*

**
*
**

***
**

*

***

Significant codes: ‘p < .001 ***’ ; ‘p < 0.01 **’ ; ‘p < .05 *’

TEA
Performance in the respective subtests is illustrated in Figure 3.3. After controlling for
age and gender distribution, there was no group difference in the ED (β = -9.81 [-21.92,
2.29], t = -1.61, p = .111), indicating comparable selective attention/inhibition in the two
groups. Advanced learners obtained higher scores in the ER than beginning learners (β = 14.04 [-26.14, -1.95], t = -2.3, p = .023), indicating better performance in attentional
switching in advanced learners. In addition, age was a strong predictor of performance on the
ER ( p = .016), with increasing age, individuals’ performance got worse.
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Figure 3.3 - Performance in the respective TEA Elevator subtests by group. Error bars
represent ±1SE.

Corsi Tapping Task
Both groups showed comparable performance in the forward condition (β = -2.06 [5.97, 1.84], t = -1.05, p = 0.297) and backward condition (β = 1.71 [-2.91, 6.33], t = 0.73, p =
0.465), indicating comparable working memory in both groups.
3.3.3. Further analyses on advanced learners
Results suggested that advanced learners outperformed beginning learners in tasks
involving visual switching ability, disengagement of attention, conflict resolution, and
auditory attentional switching. Further analyses were conducted on advanced learners, who
were relatively homogenous in background variables but heterogeneous in their L2 language
acquisition experience, to explore these findings in more details and investigate how
individuals’ L2 learning experience (e.g., length of L2 use and L2 exposure) affects these
abovementioned aspects of executive control. We divided the advanced group into two
subgroups according to the Test for English Majors (TEM, Jin & Fan, 2011): those have
passed the TEM were classified as the TEM group, and those who were unable to take the
TEM due to their insufficient language learning (e.g., shorter length of L2 use) were defined
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as the Non-TEM group, with 30 participants in each group. The Non-TEM group were firstand second-year undergraduates, and the remaining were the TEM group.
In the initial analyses of background measures, group differences were found for age,
AoA, L2 exposure, and age of active use of L2 ( all ps < .05): the Non-TEM group were
younger, age of L2 acquisition and active use of L2 were earlier, and L2 exposure was more
intensive than that of the TEM group. No other group differences were found on non-verbal
intelligence, indicating comparable cognitive abilities at the baseline.
In the visual domain, the TEM group displayed a smaller ANT conflict effect (β =
14.82, SE = 6.68, t = 2.22, p = .03) and a smaller Stroop effect (β = 17.59, SE = 8.09, t = 2.17,
p = .03) than the Non-TEM group did, indicating better inhibitory control in the TEM group.
In addition, the TEM group obtained higher overall accuracy rate in the ANT (β = 0.35, Z =
622.6, p < .001) than that of the Non-TEM group, indicating the TEM group might pay more
focused attention on the task. No other group differences were found.
In the auditory domain, no group differences were found in the ED (β = 27.7 [-5.95,
61.36], t = 1.65, p = 0.104), nor in the ER (β = 11.84 [-28.05, 51.73], t = 0.6, p = 0.554),
indicating comparable performance in selective attention/inhibition and attentional switching
in the two groups.
In the working memory domain, no group differences were found in the forward
condition (β = -0.36 [-12.2, 11.47], t = -0.06, p = 0.951), nor in the backward condition (β = 2.93 [-18.87, 13.01], t = -0.37, p = 0.713), indicating comparable performance in working
memory in the two groups.
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3.4. Discussion
Learning a second language in early adulthood is a very common experience in the
modern world. In China alone, there are around 415.95 million people learning a second
language, with an overwhelming majority (93.8%) studying English (Wei & Su, 2012). Given
the high frequency of young adulthood L2 learners, it is important to determine whether the
cognitive effects associated with bilingualism extend to this particular population. The
current study set to compare beginning English learners to advanced English learners in
Chinese population, who acquired their L2 in later childhood. Four non-linguistic cognitive
tasks were used to assessed cognitive performance, tapping into multiple dimensions of
executive functions. The second aim was to investigate how individuals’ specific language
experience modulates language control and, in turn, affects the executive functions,
particularly length of L2 use, level of L2 proficiency, and intensity of L2 exposure.
Our results suggest positive effects associated with bilingualism on specific subcomponents of executive functions. In the visual domain, advanced learners obtained greater
executive control in switching ability, engagement of attention, and inhibitory control than
beginning learners did. No group differences were found on the other aspects of the ANT
(i.e., alerting, orienting, and conflict effects) and the Stroop (i.e., interference, facilitation,
switching cost, and sequential congruence effect-SCE). These inconsistent findings across the
two tasks that measured the same aspects of executive control (i.e., conflict effect in the
ANT, switching cost and SCE in the Stroop) could be due to the characteristics of tasks (e.g.,
demand level). In the auditory domain, both groups performed similarly in selective attention
but advanced learners showed superior performance in attentional switching than beginning
learners. In the working memory domain, both groups showed comparable performance in
the forward and backward conditions. Our findings suggest that the bilingual experience
benefited executive control in both the visual and auditory domains but in a selective way.
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Further analyses on advanced learners show that individuals’ L2 experience plays a
modulating role in these observed group differences. The different aspects of language
experience, such as length of L2 use, age of active use of L2, AoA, and intensity of L2
exposure, all likely to have specific effects on cognitive performance.
3.4.1. Cognitive effects of bilingualism
In the Stroop task, we observed significantly smaller conflict effects in advanced
learners than in beginning learners, indicating better inhibitory control for advanced learners.
It has been suggested that bilinguals’ constant monitoring and exerting cross-linguistic
inhibition, resulting in their enhanced ability in conflict resolution and inhibitory control,
which extends outside the language domain (Bialystok et al., 2012). Despite the standardised
Stroop effect (congruent vs. incongruent trials), we also found the conflict effects on the
current trials (I vs. C) and the c-congruency effect (cI vs. cC) were smaller in advanced
learners than beginning learners. Our findings are consistent with previous studies showing
that bilingual experience benefits individuals in inhibitory control (Costa et al., 2008;
Hernández et al., 2010).
Group differences in conflict resolution were only observed in the Stroop task, not in
the ANT. Two possible reasons could explain why these group differences were limited to
specific tasks. The first could be the task demands: the Stroop task is more demanding than
the ANT. Specifically, in terms of response, there are two possible responses in the ANT (i.e.,
left and right) and three possible responses in the Stroop task (i.e., 1, 2, and 3). Moreover, the
processes of completing the two tasks are different: while individuals in the ANT need to
inhibit the interference from the pointing direction of stimulus spatially adjacent to the target,
participants in the Stroop task need to inhibit the interference from the automatic processing
of printed number and count the number of stimuli at the same time. The varying demand
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levels was reflected in the overall RTs and accuracy rate, with significantly higher error rate
and longer mean RTs in the Stroop task (M accuracy = 96.34%, M RTs = 571.61ms) than the
ANT (M accuracy = 98.18%, M RTs = 523.23ms) (see Figure 3.2). Existing evidence suggests
that group differences are rarely observed in less demanding tasks (Bialystok, 2006), which
could be due to ceiling effects (Macnamara & Conway, 2014), or the non-activation of
cognitive control (Qu et al., 2016) in the simple tasks. This could explain the absence of
group differences on conflict effect in the ANT, for which young adults’ performance is at
ceiling level.
The second possible reason might be that the group differences on the conflict effect
were masked by the SCE (Grundy et al., 2017). Standard analyses of ANT networks are
based on mean RTs to congruent and incongruent trials, without regard for the previous trials.
Reliance on previous trial information could lead to two consequences in responses: faster
responses when the previous and current trial types were the same (cC and iI) and slower
response when the trial types were different (cI and iC). Our findings revealed that advanced
learners had greater ability in disengagement of attention from previous trials, which meant
that they might experience less influence from the previous trials. This could average their
performance and result in the reduction of the group difference with respect to the conflict
effect.
Group differences in switching cost and SCE were limited to the ANT, not the Stroop
task, which could be due to the differences of response-to-stimulus intervals (RSI) in the two
tasks. Our findings are consistent with the study by Grundy et al. (2017), which reported a
smaller SCE in bilinguals than monolinguals, but in which the emergence of group difference
was modified by the RSI. Specifically, Grundy et al. observed behaviour difference on SCEs
with their RSI ranged from 250ms to 1000ms, but the largest group difference occurred
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within 500ms. The behavioural group difference disappeared when the RSI set from 1000ms
to 1500ms, but the electrophysiological group difference occurred within 500ms. They
explained that bilinguals might have earlier disengagement of attention than monolinguals,
within 500ms. With longer RSI, the monolinguals recovered from the influence of previous
trials, and both monolinguals and bilinguals had enough time to disengage from previous
trials, leading to smaller group differences. In our study, the RSIs were 500ms and 2000ms
for the ANT and Stroop, respectively. This could explain why group difference was only
observed in the ANT but disappeared in the Stroop task.
Apart from the superior performance in the visual domain, we also found better
performance in the auditory domain in advanced learners than in their beginning counterparts.
In the TEA, advanced learners performed better than beginning learners in auditory
attentional switching (ER), with a trend of better performance in the selective
attention/inhibition (ED), which did not reach statistical significance. These findings are in
line with previous studies, which suggested that the cognitive effects of bilingualism were
extended from the visual to the auditory domain (Bak et al., 2014, Bak et al., 2016; VegaMendoza et al., 2015). The absence of group differences in the ED could be due to the fact
that the ED was less demanding than the ER. Specifically, the ER task involves multiple
cognitive processes, such as inhibiting low and high tones from counting while efficiently
disengaging inhibition, monitoring the counting directions, and refocusing attention upon the
middle tone (Long, Vega-Mendoza, Rohde, Sorace & Bak, 2019).
3.4.2. Impact of language experience on cognitive performance
Further analyses in the advanced group show that individuals’ language experience
plays an important modulating role on performance in these cognitive tasks. Much evidence
has shown that better cognitive performance is closely associated with higher level of L2
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proficiency (Luk & Bialystok, 2013) and longer length of L2 use (Bialystok & Barac, 2012).
Our findings are consistent with previous research: the TEM group showed a smaller conflict
effect than the Non-TEM group in both the ANT and Stroop tasks. The superior performance
in inhibitory control in the TEM group could be due to their longer length of L2 use when
constantly managing their two jointly activated languages. Alternatively, the relatively higher
L2 proficiency in the TEM group could contribute to the enhanced inhibitory control. The
real English proficiency might have been higher for the TEM group than the Non-TEM
group, although their self-reported English proficiency was comparable, which mainly due to
the small language proficiency scale (i.e., 1 - 4). Their real proficiency in English is reflected
by the scores of TEM: the TEM group had passed the TEMs with relatively high scores,
while the Non-TEM group was not eligible to take this test due to their low proficiency and
insufficient training of English.
No differences were found in the switching cost or SCE between the two groups. This
could be due to the interacting effects among the different aspects associated with L2 learning
experience. By the time of testing, the Non-TEM group were mainly classroom-based
English learning with intensive exposure to English, while the TEM group mainly focused on
test-based English exercise with less intensive exposure to English. As a result, the Non-TEM
group might be more frequently switching between their two languages, thus leading to more
efficient disengagement of attention and switching ability. This is consistent with previous
studies that relatively intensive learning style predicts better language and cognitive
performance (Elmer, Meyer, Marrama & Jäncke, 2011; Serrano, 2011). On the other hand,
the TEM group had relatively higher L2 proficiency and longer length of the L2 use, which
might lead to better domain-general executive control. Moreover, the age of L2 acquisition
and active use of L2 was later in TEM group than the Non-TEM group. Tao et al. (2011)
found that Chinese-English bilinguals who acquired their L2 late showed enhanced inhibitory
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control than early bilinguals and explained that late AoA might lead to relatively intensive
training on inhibitory control as a result of greater interference of L1 on L2. Late AoA,
however, means relatively later active use of L2. This is confirmed by further multiple
stepwise regression analyses, following Xie and Pisano (2018), which was to explore the
relationships between individuals’ language experience and their cognitive performance. The
results show that the age of active use of L2 and L2 exposure are significant predictors of all
measured cognitive performance as well as L2 proficiency, with greater degree of
significance for the age of active use of L2 than L2 exposure. As a result, the group
differences might be reduced in terms of switching abilities and disengagement of attention
due to the interacting influence induced by their different aspects of L2 experience.
One potential limitation in the current study is the gender distribution between
monolinguals and bilinguals. Given the unbalanced gender in the major selection, for
example, there was a higher proportion of males in STEM majors (i.e., science, technology,
engineering, and mathematics) and a higher proportion of females in non-STEM majors,
especially in the arts and linguistics; it was therefore difficult to recruit an equal gender
proportion in both groups. Secondary analyses were conducted in beginning learners to
explore the potential effects of gender on these measured cognitive abilities. The results
showed no differences between female and male participants in any of these cognitive
measures, thus indicating that gender is not a significant predictor of cognitive performance
in this study. Another potential limitation the major of our participants; while most of the
beginning learners were majoring in Physical Education, all the advanced learners were
majoring in English. Studies have suggested that regular physical exercise can ameliorate
cognitive function in healthy young adults (Hillman et al., 2006; see a review in Lubans et al.,
2016). The beginning learners majoring Physical Education who received high intensive
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physical training (e.g., running and jumping) and enrolled in the university as sports
specialists.
A further potential limitation might be is the lack of a formal test of English
proficiency. Studies have confirmed the validity of self-reported language proficiency and
usage (Fishman & Cooper, 1969; Luk & Bialystok, 2013). For example, Vega-Mendoza et al.
(2015) used both formal language tests (i.e., Picture name verification task and verbal fluency
task) and a self-report questionnaire to measure language proficiency. No group differences
were found on the formal language tests and participants’ self-reported language proficiency
was used as the main criteria of level of language proficiency. Therefore, the self-reported
language proficiency in the current study is likely to be reliable. However, the proficiency
scale used in the current study is small, which might not be sufficient enough to distinguish
the real L2 proficiency among the participants: the two subgroups in advanced learners
showed comparable self-reported proficiency, but their real proficiency is different as
reflected by the scores of the TEM.
In summary, our findings suggest that the bilingual experience could have specific
positive effects on cognitive functions in both the visual and auditory domains even in young
adults, whose cognitive capacities are supposed to be at the peak level. In addition to the
traditional analyses of the indexes in the ANT and Stroop, we also examined the influence of
previous trials on cognitive performance, providing an alternative approach to understand the
mechanism of cognitive processing differences in late L2 learners (i.e., switching ability and
disengagement of attention). The same aspects of executive functions measured by different
tasks have shown different results, suggesting that the characteristics of tasks are crucial for
the interpretations of the cognitive effects associated with bilingualism. Moreover, further
analyses on advanced learners suggested that different aspects of individuals’ language
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learning experience might have specific effects on executive functions. This work suggests
that future research into bilingual executive control should consider the characteristic of the
selected tasks and focus on aspects of individuals’ specific language learning experience that
might modulate language control and, in turn, affects executive functions.
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Chapter 4
Interference Suppression vs. Response Inhibition
4.1. Introduction
4.1.1. Inhibitory control and bilingualism
Inhibitory control refers to the ability to resist interference from distracting information
or prepotent automatic responses, one of the fundamental aspects of executive function (Blasi
et al., 2006; Brydges et al., 2012; Vuillier, Bryce, Szücs & Whitebread, 2016). The two
central components of inhibitory control are referred to as interference suppression and
response inhibition. While interference suppression is the capacity to detect and filter out
irrelevant information in the environment, response inhibition is the capacity to inhibit
inappropriate, but prepotent, response tendencies (Bunge, Dudukovic, Thomason, Vaidya &
Gabrieli, 2002).
Studies across the lifespan have shown that bilingualism positively impacts
performance on tasks tapping into multiple aspects of executive functions, particularly
inhibitory control (children: Poarch & van Hell, 2012; young adult: Costa, Hernández &
Sebastián-Gallés, 2008; and older adults: Goral, Campanelli & Spiro, 2015). It has been
hypothesised that cognitive effects of bilingualism result from the consistent and frequent
bilingual experience in language control (Barac & Bialystok, 2012; Bialystok, Craik & Luk,
2012). The Inhibitory Control (IC) model (Green, 1998) and the Bilingual Interactive
Activation Model (BIA+) (Dijkstra & Van Heuven, 2002) suggest that the languages of
bilinguals are always simultaneously and automatically activated (Blumenfeld & Marian,
2013; Chen, Bobb, Hoshino & Marian, 2017; Dimitropoulou, Duñabeitia & Carreiras, 2011;
Thierry & Wu, 2007); thus, bilinguals have to select the target language and inhibit the nontarget language, thereby leading to an enhanced inhibitory ability compared to that of
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monolinguals. The Bilingual Inhibitory Control Advantage (BICA) hypothesis (Hilchey &
Klein, 2011) proposes that bilinguals would respond faster in tasks that involve conflict (i.e.,
incongruent trials) and thus experience a smaller interference effect (incongruent vs. control
trials) when compared to monolinguals.
More specifically, it has been suggested that the bilingual experience might have
different effects on the two types of inhibitory control; namely, interference suppression and
response inhibition (Bialystok & Viswanathan, 2009; Esposito, Baker-Ward & Mueller,
2013; Luk, Anderson, Craik, Grady & Bialystok, 2010; Martin-Rhee & Bialystok, 2008).
There is ample evidence among children that bilinguals show better performance on
interference suppression but not response inhibition. Bialystok and Viswanathan (2009)
investigated how bilingualism affected different components of executive control through a
behavioural version of an anti-saccade task, which isolated the measurement of interference
suppression, inhibitory control, and cognitive flexibility usually subsumed under the general
term “executive control”. They separately compared the performance of the three components
of executive control in monolingual and bilingual children (bilingual Indians and bilingual
Canadians). The results showed better performance in interference suppression and cognitive
flexibility in the bilingual group when compared to the monolingual group, with comparable
performance in response suppression. Similarly, Esposito et al. (2013) compared the
cognitive performance of monolingual and bilingual preschool children in the childrenfriendly Day/Night task (i.e., response inhibition) and the Bivalent Shape Task (i.e.,
interference suppression). Their results demonstrated that the bilingual experience had a
stronger influence on interference suppression than on response inhibition. Other studies with
children have shown that the monolingual-bilingual differences are only observed in tasks
that involve interference suppression (Bialystok & Senman, 2004; Bialystok & Shapero,
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2005), but not on those that involve response inhibition (Bialystok, Craik & Ryan, 2006;
Carlson & Meltzoff, 2008; Martin-Rhee & Bialystok, 2008).
However, the evidence with respect to the effects of bilingualism on the two types of
inhibition in the adult population is limited and mixed. For example, Jiao et al. (2019)
reported that bilinguals outperformed monolinguals in interference suppression, but not in
response inhibition. With an increase in processing demands on working memory, a
monolingual-bilingual group difference was observed in response inhibition in young adults.
Yow and Li (2015) examined the influence of the degree of bilingualism (i.e., language
proficiency, frequency of use of two languages, and age of second language acquisition) on
executive functioning in bilingual young adults. In this study, a colour-naming Stroop task
was used as a measurement of response inhibition, while a flanker task was used as a
measurement of interference suppression. The results suggested that a more balanced use and
a more balanced level of proficiency in two languages associated with a smaller Stroop effect,
with no influence on the flanker effect. Similarly, Incera and McLennan (2018) analysed
bilingualism and age as continuous variables and investigated their impact on executive
functions (i.e., Stroop and Flanker tasks) using a mouse-tracking paradigm. The results found
that younger age and higher levels of bilingualism predicted smaller Stroop effects, with no
influence on the Flanker effect. Luk et al. (2010) examined the effect of bilingualism on two
different types of bilingualism using a hybrid Go/Nogo flanker task with functional MRI. The
behavioural data showed comparable performance between two groups, but brain data
demonstrated that monolinguals and bilinguals activated similar regions for response
inhibition but not for interference suppression. Specifically, bilingualism selectively affects
neural correlates for suppressing interference, but not response inhibition; thus, suggesting
that bilingualism influences the cognitive control of inhibition at the attentional level, but not
the motor control of prepotent responses. Kousaie and Phillips (2012) compared monolingual
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and bilingual young adults performing three different cognitive tasks (i.e., colour-word
Stroop task, standardised Simon task, and flanker task) with event-related brain potential
(ERP). No group differences were found on behavioural measures. The ERP data displayed
the loci differences between the two groups: conflict monitoring and error-related processing
for the Stroop task, resource allocation in the Simon task, and stimulus categorization and
error-related processing in the Flanker task.
The Attention Network Task (ANT), Stroop, and Simon tasks are well-established and
widely used in previous research to investigate the effects of bilingualism on cognitive
control (Costa et al., 2008; Bialystok et al., 2004; Bialystok et al., 2008; Incera & McLennan
, 2018; Kousaie & Phillips, 2012; Yow & Li, 2015). However, the inconsistent findings have
raised concerns about reliability and the robustness of the cognitive effects associated with
bilingualism (Paap et al., 2020; Paap & Greenberg, 2013; Paap, Johnson & Sawi, 2014). The
current study aims to explore the possible reasons behind this inconsistency in terms of the
source of conflicts as measured in different non-linguistic tasks; namely, the ANT (Costa et
al., 2008), Number version of Stroop task (adapted from Hernández, Costa, Fuentes, Vivas &
Sebastián-Gallés, 2010), and an arrow version of Simon task (details of the three tasks were
demonstrated in the Method).
Specifically, in the incongruent trials, the conflict-resolution was varied across the three
tasks, reflecting different conflict sources. In the ANT, the central arrow conflicted with the
other arrows (e.g., →→←→→), creating interference. In the Stroop trails, the correct
response (i.e., counting the number of digits) conflicted with the numerical value of digits
(e.g., 222) that triggers a proponent response. In the Simon trials, the correct response (i.e.,
pointing direction of the arrow) was conflicted with the location of the arrow that triggers a
prepotent response. While the ANT measures Stimulus-Stimulus conflict effects that the
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central and flanking stimuli are from the same stimulus category (i.e., interference
suppression), the Stroop and Simon tasks measure Stimulus-Response conflict effects that
reflect the competition between the task-relevant, task-irrelevant stimuli, and prepotent
response tendencies (i.e., response inhibition) (Paap et al., 2020; Tiego et al., 2018). Hence,
the Number version of Stroop and arrow version of Simon used in the current study are more
likely to reflect response inhibition. Evidence has shown that these differences in relation to
inhibition have been demonstrated to extend from the visual (see reviews Barac, Bialystok,
Castro & Sanchez, 2014; Adesope, Lavin, Thompson & Ungerleider, 2010) to the auditory
domain (Bak, Long, Vega-Mendoza & Sorace, 2016; Bak, Vega-Mendoza & Sorace, 2014;
Vega-Mendoza, West, Sorace & Bak, 2015). Hence, the current study also adopted the
Elevator counting with Distraction task from Bak et al. (2016) as a measure of auditory
inhibition, in which participants have to ignore the task-irrelevant stimuli (i.e., high tones)
while focusing on counting the task-relevant stimuli (i.e., low tone). The Schematic
representation of the different types of inhibitory control was presented in Figure 4.1.

Figure 4.1 - The Schematic representation of the different types of inhibitory control. Each
circle represents a hypothetical inhibition factor. Overlapping circles indicate
factors that are correlated.
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4.1.2. Language proficiency
Language proficiency is one of the core aspects of bilingualism (Mishra, 2015). Given
that the level of language proficiency may dynamically change with specific learning
experiences (e.g., consistent language learning and daily language use), it is not clear when
and how improvements in L2 proficiency might contribute to a change in executive control in
bilingualism. Previous studies have shown that L2 proficiency is a significant predictor of
executive functions among young adult bilinguals. For example, Singh and Mishra (2015)
compared performance in inhibitory and monitoring abilities between high-proficient and
low-proficient Hindi-English bilinguals through a saccadic task. Their results suggested that
higher proficiency was positively associated with better performance in relation to monitoring
ability, but not to inhibitory control. Other evidence showed a positive relationship between
language proficiency and executive functions, such as reactive inhibition (Khare, Verma, Kar,
Srinivasan & Brysbaert, 2013) and endogenous disengagement of attention in Hindi-English
adults (Mishra, Hilchey, Singh & Klein, 2012), conflict monitoring in Chinese-English adults
(Xie & Pisano, 2019), and auditory inhibition and switching in English-Spanish adults (VegaMendoza et al., 2015). Some studies conducted with children also support this association.
For instance, higher L2 proficiency was reported to be correlated with better performance in
inhibition and shifting abilities in English-Hebrew children (Iluz-Cohen & Armon-Lotem,
2013), response inhibition in Chinese-English children (Chen, Zhou, Uchikoshi & Bunge,
2014), and in conflict resolution and working memory capacity, but not in goal maintenance
or task-set switching in Cantonese-English children (Tse & Altarriba, 2014).
Other studies have shown null results of language proficiency on executive control in
bilinguals (Dong & Xie, 2014; Kousaie & Phillips, 2012; Rosselli, Ardila, Lalwani & VélezUribe, 2015; Verreyt, Woumans, Vandelanotte, Szmalec & Duyck, 2016). For example,
Dong and Xie (2014) used a large participant sample (n = 154) to examine the effects of
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language proficiency and language interpreting experience on inhibition (i.e., Flanker task)
and mental set shifting (i.e., Wisconsin Card Sorting test, WCST). The results showed no
effect of language proficiency in both Flanker task and the WCST, but the language
interpreting experience was strongly associated with better performance in the WCST. The
authors (Dong & Xie, 2014) explained that the small proficiency gap between highproficiency level and low-proficiency level might be responsible for the inconsistent findings
with regard to the effects associated with language proficiency. Rosselli et al., (2012)
compared three groups of participants (i.e., balanced bilinguals vs. unbalanced bilinguals vs.
monolinguals) performing both verbal and nonverbal executive tasks. The results
demonstrated that nonverbal intelligence rather than language proficiency or bilingualism
was a significant predicator of performance on verbal working memory and verbal and
nonverbal inhibition tasks. Similarly, Verreyt et al., (2016) compared three groups of
bilinguals differing in language proficiency and switching experience (i.e., unbalanced vs.
balanced non-switching vs. balanced switching bilinguals) performing the Flanker and Simon
tasks. The results found a group difference between switching and non-switching bilinguals
on executive performance control, but no group difference between unbalanced and balanced
switching bilinguals.
The findings regarding the effects of language proficiency on cognitive control in
previous research are controversial. Moreover, L2 proficiency is a crucial parameter of
bilingual language experience, which might affect specific aspects of cognitive control.
Furthermore, L2 proficiency might play a modulating factor in the emergence of
monolingual-bilingual group difference that the superior performance in bilinguals relative
monolinguals might be only observed when bilinguals reached a relatively higher level of
proficiency (Vega-Mendoza et al., 2015). Hence, investigating the extent to which level of
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proficiency might play a role is important for interpreting and examining the cognitive effects
of bilingualism.
4.1.3. The current study
Given the limited and mixed effects of bilingualism on inhibitory control in the young
adult population, the current study aims to examine how bilingualism affects interference
suppression and response inhibition, attempting to shed light into the reasons behind the
inconsistencies in the existing literature. Four different well-established non-linguistic
cognitive tasks were used to distinguish the two types of inhibitory control: while the
Attention Network Task (ANT) and Test of Everyday Attention (TEA; elevator counting with
distraction subtest) were used to measure interference suppression in the visual and the
auditory domain, respectively, the Number Stroop task and the Simon task were used to
measure response inhibition. The selection of tasks takes into account that the process of
language learning involves multiple fundamental and interactive components, such as visual
ones (i.e., reading and writing), auditory ones (i.e., speaking and listening). Moreover, the
combination of multiple tasks can avoid the task impurity problem (Miyake & Friedman,
2012) and limitations of the use of a single indicator to measure a single aspect of cognitive
functions (von Bastian, Souza & Gade, 2016). It would be difficult to establish whether the
measured performance is a reflection of task-specific or ability-general effects (Shipstead,
Redick & Engle, 2012). Given the existing evidence that the bilingual experience has a
stronger influence on interference suppression than on response inhibition, this study
predicted that bilinguals would outperform monolinguals in tasks involving interference
suppression (i.e., ANT and TEA; elevator counting with distraction subtest), but not in tasks
involving response inhibition (i.e., Stroop and Simon tasks).

62

Existing evidence has shown the potential influence of L2 proficiency on executive
control in bilingualism, but the findings are inconsistent (Mishra et al., 2012; Mishra &
Singh, 2016; Rosselli et al., 2016). Hence, the second aim of this study is to explore the effect
of language proficiency on executive control by comparing cognitive performance of highproficient and low-proficient young adult bilinguals to monolinguals. We predicted that
higher proficiency would associated with better performance in tasks involve interference
suppression.
4.2. Method
4.2.1. Participants
A total of 111 University of Edinburgh students took part in this experiment. All were
English native speakers. The participants were divided into three groups according to their L2
proficiency: monolinguals (Mono group), bilinguals with low proficiency (Bi-low group),
and bilinguals with relatively higher proficiency (Bi-high group). The criterion for defining
monolinguals and bilinguals is consistent with previous studies; as will be explained in more
detail below, monolinguals were defined as those who were not functionally fluent in any
other language (Luk & Bialystok, 2013; Vega-Mendoza et al., 2015).
The grouping was based on the information collected from the background
questionnaire that was adopted from a previous study (Ooi, Goh, Sorace & Bak, 2018; see
details in Appendix S1). Self-reported language proficiency was rated using 4 - point scales
(i.e., 1 - 4, marked from “poor” to “excellent”), participants rated their speaking,
understanding, reading and writing skills in every language they had learnt. Moreover,
participants were required to report whether they had actively used their L2s. Given the small
language scale, we divided participants into three groups based on their L2 proficiency and
the experience of active use of L2: monolinguals were those who could not hold a
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conversation in L2 and had never actively used their L2s, the Bi-low group were those who
used to actively use their L2 but could hold a basic conversation in L2 by the time of testing,
the remaining are assigned into the Bi-high group. We used an alternative splitting approach
following Grundy, Pavlenko and Bialystok (2020), low and high proficiency groups were
created by averaging bilinguals’ L2 proficiency and then doing a median split: participants
whose L2 proficiency was below the median were assigned into the Bi-low group and the
others were assigned into the Bi-low group. The two approaches lead to the same results in
terms of grouping.
All bilinguals had learned an Indo-European language (e.g., French, German, or
Spanish) as their main L2s. One participant in the Bi-low group had Korean as the main L2.
Excluding and including this participant did not change the results, thus, their results were
included in the full set of data. Due to technical issues, some participants’ data was missing in
some tasks, as follows: in ANT, one in the monolingual group; in the Number Stroop task,
three in each of the three groups; and in the Simon task, five in the Bi-low group.
4.2.2. Background measures
Corsi Tapping Task (CTT)
The Corsi Tapping task (Wechsler Memory Scale-III, Wechsler, 1997) was
administered as a measure of working memory (forward and backward conditions) and
mental rotation (rotated condition; adapted from Keehner & Gathercole, 2007), in order to
control basic cognitive abilities among the participants (Luo, Luk & Bialystok, 2010). This
task was presented on a plastic whiteboard (27.5 cm × 21cm) with ten blue cube-shaped
numbered blocks (3 cm × 3 cm; from 1 to 10). During the testing, the board was placed
between the experimenter and the participant, and the numbers were only visible to the
experimenter. In the forward condition, the experimenter tapped a sequence of blocks at a
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rate of approximately one second per block in a predetermined order and participants had to
reproduce the tapping sequence with the same blocks and same order. In the backward
condition, all the procedures were the same except that the participants had to reproduce the
tapping in the reverse order. There were eight items in both the forward and backward
conditions (Keehner & Gathercole, 2007), varying from two two-block trials to two nineblock trials. In the rotated condition, there were two identical whiteboards, with numbers
facing the experimenter only and one of the boards was rotated for 180° from the other one.
The experimenter tapped on the blocks in a predetermined order and the participants had to
reproduce the tapping sequence with the same blocks and the same order on the rotated
board. There were five items, consisting of six trials, which varied from one-block to fiveblocks. The task would stop when the participants made errors on all trials (i.e., two trials in
the forward and backward conditions, and five trials in the rotated condition, respectively) in
a given item. The rotated condition started with four one-block trials practice, and there were
no practice in the forward and backward conditions.
Raven’s Advanced Progressive Matrices (APM)
The APM (Raven & Foulds, 1962) was used as a control of nonverbal general
intelligence. Consistent with a previous study (Ooi et al., 2018), we adopted Set I (i.e., Item 5
or Item 7) as practice and Set II as experimental testing. The design of the Matrices ensures
that the demand of the level gradually increases with the items. Participants were instructed to
complete the matrices item by item in 10 minutes and were told that if they were having
difficulty with a specific item, they could guess the answer and continue to the next one.
They started with Item 1 and had to answer as many items as they could. The results were
scored as the number of correct items for each participant.
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Background Questionnaire
Participants completed both a demographic and a language background questionnaire.
The demographic information included gender, age, nationality, and handedness .
Information on other confounding variables that might affect executive performance were
also collected, including age of L2 acquisition (AoA), parents’ education (as an index of
SES), musical experience, and video-gaming experience. Self-reported language proficiency
was rated using 4-point scales (i.e., 1 - 4, marked from “poor” to “excellent”), participants
rated their speaking, understanding, reading and writing skills in every language they had
learnt. The total score of L2 proficiency was a sum of scores in the four abovementioned
language domains.
4.2.3. Experimental Tasks
Test of Everyday Attention (TEA)
The TEA (Robertson, Ward, Ridgeway & Nimmo-Smith, 1994) is a well-established
clinical assessment of attention. We selected three subtests of the Elevator Tasks to measure
executive control in the auditory domain. All tasks were presented through media player with
a headset.
a) Elevator with Counting (EC: 7 trials): this task assesses sustained attention.
Participants were asked to count tones of the same pitch presented at irregular
intervals.
b) Elevator with Distraction (ED: 10 trials): this task assesses auditory selective
attention/inhibition. Participants were asked to count low tones while ignoring
interspersed high tones. This was used as a measure of auditory interference
suppression.
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c) Elevator with Reversal (ER: 10 trials): this task assesses auditory attentional
switching (auditory-verbal working memory). Participants were presented with high,
middle, and low tones. The middle tones were to be counted while the high and low
tones indicated the counting direction (upwards and downwards, respectively).

Attention Network Task (ANT)
This task is a well-established assessment of attentional capacities (i.e., alerting,
orienting, and inhibition) (Fan, McCandliss, Sommer, Raz & Posner, 2002), and has been
widely used to investigate the cognitive effects of bilingualism (e.g., Costa et al., 2008). We
used it to measure interference suppression in the current study. All stimuli were presented on
E-Prime (version 2.0) on a 17-inch computer screen. Participants were instructed to respond
to the central arrow of the five horizontal arrows presented in the middle of the screen either
below or above a fixation cross. They were required to respond (by pressing the mouse “left”
and “right”) as quickly and accurately as possible with their dominant hand. There were three
types of trials: congruent, neutral, incongruent, and four cueing conditions: single, double,
centre and no cue. These cues provided information about the location of the arrows (i.e.,
single cue), the occurrence of the arrows (i.e., double and centre cue), or no information (i.e.,
no cue). In the congruent condition (e.g., →→→→→), the five arrows pointed in the same
direction. In the incongruent condition (e.g., →→←→→), the central arrow was in conflict
with the other arrows, creating interference (see Figure 4.2). Three attentional indices were
obtained calculating the difference in RTs / Accuracy rate between the following trials: ANT
conflict (congruent vs. incongruent trials); ANT alerting (double-cue vs. no-cue trials); ANT
orienting (centre-cue vs. single-cue trials). Participants started with a practice block
consisting of 24 trials and followed by three experimental blocks of 96 trials each. All stimuli
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were presented randomly at an equal number of times in each block. Feedback on
performance was only provided in the practice block.

Figure 4.2 - Schematic representation of the ANT procedure

Number Stroop Task
To avoid any linguistic influence, we used a numerical version of the Stroop task
adapted from Hernández, Costa, Fuentes, Vivas and Sebastián-Gallés (2010), which was
intended to measure response inhibition. All stimuli were presented on E-Prime (version 2.0)
on a 17-inch computer screen. Participants were asked to count digits or symbols presented
on the centre of the screen by pressing the keys 1, 2, or 3 on the keyboard while ignoring the
numerical value of the digits. In the congruent condition (e.g., 22), the numerical value
matched the number of digits. In the incongruent condition (e.g., 222), the correct response
conflicted with the numerical value, creating a response inhibition. The Stroop effect was
assessed by the RTs/ accuracy differences between incongruent and congruent trials (Stroop,
1935) (see Figure 4.3). Participants were given a practice block with 18 trials which were
followed by two experimental blocks of 90 trials each. Feedback on performance was only
provided in the practice block.
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Figure 4.3 - Schematic representation of the Number Stroop procedure

Simon Task
We used an arrow version of the Simon task, which was intended to measure response
inhibition. There was one arrow that appeared on the screen at one of four possible locations
of the screen (left, right, up, or down), pointing at one of four possible directions (left, right,
up, or down). Participants were instructed to respond to the direction of the arrow by pressing
the corresponding arrow buttons on the keyboard. There were three types of trials: baseline,
congruent and incongruent (see Figure 4.4). In the incongruent condition, the location of the
arrow was in conflict with the pointing direction of the arrow, creating a response inhibition.
Executive functioning was assessed by computing the RTs/ accuracy differences between
incongruent and congruent trials (Simon Effect; Simon & Rudell, 1967). Participants started
with a practice block consisting of 10 trials followed by three experimental blocks of 90 trials
each in the order of baseline block, congruent block and incongruent block.
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Figure 4.4 - Schematic representation of the Simon Task procedure

4.2.4. Statistical analyses
All analyses were conducted by fitting models from the lme4 packages (Bates, Mächler,
Bolker & Walker, 2015) in R (Version 3.6.1, The R Foundation for Statistical Computing,
2019).
In the initial analysis, background measures with continuous variables were tested with
the Shapiro-Wilk test for their normality. Non-normally distributed variables (i.e., L2
proficiency, SES, age, AoA, and Raven’s) were analysed using the Kruskal-Wallis test, and
other frequency measures (i.e., gender, handedness, musical experience, and video-gaming
experience) were using the chi-squared test. The factors that indicated group differences were
added to the models (i.e., overall performance, liner models in the TEA) in the main analyses.
In the main analyses, mixed effect models were employed. Before the RT data analyses,
following Ooi et al. (2018), we excluded the trials for which RTs were outside of 3-SD of
each participant mean across all trial types and RTs associated with incorrect responses. In
the RT analyses, linear mixed-effect models were conducted, with RT as a dependent
variable, Group (i.e., Mono vs. High-Bi vs. Low-Bi), and Trial Type (e.g., congruent vs.
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incongruent) as fixed variables, and participants and items as random variables (e.g.,
including random intercepts for each participant and item). The Trial Type was varied
according to the effects that we were interested in; there were four models in the ANT
(Global RTs, Conflict, Alerting, and Orienting) and two models in the Stroop task (Global
RTs and Stroop effect) and the Simon task (Global RTs and Simon effect). Fixed variables
(Group and Trial Type) were allowed to interact with each other in a single model. For
reasons of brevity and relevance to the research questions, background measures were added
into the model without interaction with the other fixed variables. All participants showed
comparable performance and relatively high accuracy rate (i.e., ANT: 97.16%; Stroop:
94.98%; and Simon: 96.94%), therefore, we did not analyse it.
We checked the model by adding slopes or not to select the best-fitted models (Baayen,
Davidson & Bates, 2008). The results showed that only adding a slope for each participant
(e.g., for the random effects in the mixed effect models: (1+ TrialType | Subject)+ (1 |Item))
provided the best model fit.
As to the three subtests of the TEA, the accuracy rate was obtained based on the
number of correct responses. Linear models were used with accuracy rate as a dependent
variable, and Group as a fixed variable. Bonferroni corrections were applied with adjusted
significance level of p = .0167.
4.3. Results
4.3.1. Initial analyses
There were no group differences on age, AoA, gender distribution, video-gaming
experience, and handedness distribution (all ps > .05); and no group differences on the APM
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and CTT (forward, backward, and rotated conditions) (all ps > .05) were found either,
suggesting comparable basic cognitive abilities among the three groups.
Group differences were found on SES [χ2 (2) = 11.36, p = .003], L2 proficiency [χ2
(2) = 65.83, p < .001], and musical experience [χ2 (2) = 7.01, p = .03] (see Table 4.1). Both
SES and musical experience were put into the models as fixed variables, indicating that the
main effects of Group and Trial Type were interpreted as controlling the effects of these
background measures.
Table 4.1 - Participants’ background measures. SDs are given in parentheses.
N /male
Age in year
SES indexed by Parents’ Education i
APM scores ii
Corsi Tapping Task
Forward
Backward
Rotated
Age of L2 acquisition in years
Self-reported L2 Proficiency iii
Speaking
Understanding
Reading
Writing
Number of left-handed
Musical Experience Y%
Video-Gaming Experience Y%

Mono
37 / 8
19.86 (3.61)
3.89 (0.71)
17.43 (4.07)

Bi-low
39 / 8
18.71 (0.96)
3.73 (0.82)
17.51 (3.86)

Bi-high
35 / 7
18.88 (0.69)
4.26 (0.72) *
17.2 (3.78)

52.03 (9.78)
44.43 (10.80)
36.46 (10.91)
9.89 (3.93)
7
64.86%
24.32%

53.04 (8.47)
45.67 (9.20)
36.41 (10.04)
10.74 (3.13)
6.87 (1.72)
1.56 (0.6)
2.13 (0.73)
1.85 (0.59)
1.38 (0.49)
5
89.74%
25.64%

51.89 (9.31)
45.27 (11.05)
36.36 (11.44)
9.53 (4.05)
11.97 (1.93) *
2.85 (0.7) *
3.26 (0.45) *
3.12 (0.48) *
2.74 (0.71) *
5
80% *
34.29%

i

This is an average score based on parental education level. The scale ranged from 1: primary school,
2: O level or equivalent, 3: A level, 4: Bachelor’s or equivalent to 5: postgraduate, 6: Ph.D.
ii
APM scores were the number of corrected items (the total number was 36)
iii
The scale of self-reported L2 proficiency ranged from 1-4, marked by “poor” to “excellent”
*
The difference between the groups was statistically significant

4.3.2. Main analyses
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ANT
A total of 2.87% trials were excluded. Overall performance (i.e., RTs and accuracy
rate) is shown in Figure 4.5. Mean RTs on the respective trial types are given in Table 4.2.

Figure 4.5 - Overall performance in the ANT by group, collapsed across trial- and cue-type.
Error bars represent ±1SE.

Table 4.2 - ANT indices by Group. SDs are given in parentheses.
Mono

Bi-low

Bi-high

congruent

453 (59)

434 (52)

429 (44)

incongruent

550 (72)

517 (58)

511 (56)

Conflict effect

97 (30)

83 (20)

82 (23)

double

475 (59)

453 (56)

447 (44)

no

514 (66)

490 (58)

487 (52)

Alerting effect

40 (19)

37 (20)

41 (21)

single

451 (60)

430 (49)

430 (48)

centre

488 (64)

464 (55)

454 (47)

Orienting effect

37 (21)

34 (21)

24 (17)

Overall performance

73

On mean RTs, there were no group differences [F (2 , 105.02) = 1.47, p = .23].
Musical experience showed significant positive effect on RTs, with faster responses in those
having musical experience than those who did not [F (2 , 105) = 3.98, p = .048].
Alerting Effect
The Alerting effect was significant, with faster responses on double-cue trials than on
no-cue trials [F (1, 22.22) = 4.46, p = .046]. The main effect of Group was not significant [F
(2, 107.09) = 2.52, p = .085], nor was the interaction effect [F (2, 105.87) = .46, p = .63].
Orienting effect
The Orienting effect was not significant [F (1, 22.20) = 2.91, p = .10], nor was the main
effect of Group [F (2, 107.02) = 2.67, p = .074], but their interaction was significant [F (2,
106.91) = 3.83, p = .025]. Follow-up analysis showed that the Bi-high group displayed a
smaller orienting effect than the monolinguals (β = 12.64, t = 2.65, p = .009), with no group
differences between the Bi-low and monolingual groups (p = .53), and between the Bi-low
and the Bi-high groups (p = .041) (p-value did not survive Bonferroni correction). Further
analysis showed that the Bi-high and monolingual groups had similar response time on
single-cue trials, but the Bi-high group responded faster on centre-cue trials than the
monolinguals did (β = 33.52, t = 2.53, p = .013), which led to a smaller Orienting effect in the
Bi-high group relative to the monolinguals.
Conflict effect
The Conflict effect was significant, with faster responses on congruent trials than on
incongruent trials [F (1, 33.01) = 90.74, p < .001]. The main effect of Group was significant
[F (2, 107.02) = 3.09, p = .0496], as was the Group by Conflict effect interaction [F (2,
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106.62) = 4.15, p = .018]. Follow-up analysis showed that both the Bi-high (p = .0122) and
Bi-low (p = .0159) groups showed smaller conflict effects than the monolinguals did,
indicating better interference suppression in the bilingual groups. No group difference was
found between the Bi-high and Bi-low groups (p = .867) (Table 4.3).
Table 4.3 - Fixed effects of group comparisons for the ANT
Est

SE

df

t

Pr (>|t|)

Group Bi-high

-21.104

13.124

105.027

-1.608

0.1108

Group Bi-low

-16.848

12.851

105.015

-1.311

0.1927

SES

-5.419

6.931

105.026

-0.782

0.436

Musical Experience

-25.578

12.826

105.002

-1.994

0.0487

*

Group Bi-high

-38.399

14.947

107.139

-2.569

0.0116

*

Group Bi-low

-32.968

14.551

107.086

-2.266

0.0255

*

Conflict effect

96.95

9.766

42.113

9.928

1.35E-12 ***

Group Bi-high: Conflict effect

-14.96

5.87

106.75

-2.549

0.0122

*

Group Bi-low: Conflict effect

-13.989

5.71

106.393

-2.45

0.0159

*

Group Bi-high

-33.518

13.24

107.058

-2.532

0.0128

*

Group Bi-low

-24.144

12.89

107.036

-1.873

0.0638

.

Orienting effect

37.712

19.273

23.13

1.957

0.0626

.

Group Bi-high: Orienting effect

-12.643

4.78

107.13

-2.645

0.0094

**

Group Bi-low: Orienting effect

-2.938

4.649

106.64

-0.632

0.5288

Group Bi-high

-28.123

12.753

107.105

-2.205

0.0296

*

Group Bi-low

-21.222

12.417

107.109

-1.709

0.0903

.

Alerting effect

38.988

18.324

23.264

2.128

0.0442

*

Group Bi-high: Alerting effect

1.091

4.82

106.052

0.226

0.8214

Group Bi-low: Alerting effect

-3.235

4.687

105.551

-0.69

0.4916

Global RTs

Conflict effect

Orienting effect

Alerting effect

Significant codes: ‘p < .001 ***’ ; ‘p < 0.01 **’ ; ‘p < .05 *’
Note: Intercept is the Mono group; ANT Conflict: congruent trial vs. incongruent trial; Alerting:
double-cue vs. no-cue; Orienting: centre-cue vs. single-cue
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TEA
All the outputs were model estimates, and the intercept group is the monolingual group.
Results related to our research questions are presented in Table 4.4. Performance in the
respective subtests is shown in Figure 4.6.

Figure 4.6 - Performance in the respective TEA Elevator subtests by group. Error bars
represent ±1SE.

In the EC and ER, there were no group differences (all ps > .05). In the ED, after
Bonferroni correction (i.e., adjusted p = .0167), the Bi-high group showed a significant
statistically better performance than the monolinguals did [β = 13.49 [3.71, 23.26], t = 2.74, p
= .007]; the difference between the Bi-low group and the monolinguals did not reach
significance [β = 11.49 [1.89, 21.1], t = 2.37, p = .020]. There was no group difference
between the Bi-high and Bi-low groups [β = 1.99 [-7.84, 11.83], t = 0.4, p = .689]. Musical
experience showed significant positive effect on attentional switching, with better
performance in those having musical experience than those who did not [β = 13.18 [1.17,
25.19], t = 2.18, p = .032] (see Table 4.4).
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Table 4.4 - Fixed effects of group comparisons for the TEA
Est

SE

t

Pr (>|t|)

Group Bi-high

-0.04005

2.6477

-0.015

0.988

Group Bi-low

-4.60306

2.60301

-1.768

0.0799

SES

-0.54673

1.40101

-0.39

0.6971

Musical Experience

-1.98739

2.61039

-0.761

0.4481

Group Bi-high

13.487

4.93

2.736

0.0073

**

Group Bi-low

11.494

4.847

2.372

0.0195

*

SES

2.43

2.609

0.931

0.3538

Musical Experience

4.259

4.86

0.876

0.3829

Group Bi-high

4.388

6.144

0.714

0.476616

Group Bi-low

11.699

6.04

1.937

0.055421 .

SES

3.454

3.251

1.062

0.290451

Musical Experience

13.181

6.057

2.176

0.031763 *

EC (sustained attention)
.

ED (selective attention/ inhibition)

ER (attentional switching)

Significant codes: ‘p < .001 ***’ ; ‘p < 0.01 **’ ; ‘p < .05 *’
Note: Intercept is the Mono group

Number Stroop Task
A total of 6.49% trials were excluded. Overall performance is shown in Figure 4.7. Mean
RTs on the respective trial types are given in Table 4.5.

Figure 4.7 - Overall performance in the Number Stroop task by group, collapsed across trial
type. Error bars represent ±1SE.
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Table 4.5. Stroop indices by Group. SDs are given in parentheses.
Mono

Bi-low

Bi-high

Congruent

536 (76)

511 (82)

509 (84)

Incongruent

624 (95)

593 (99)

582 (110)

Stroop Effect

88 (45)

82 (28)

72 (45)

There was no group difference on overall RTs [F (2, 103.01) = 0.69, p = .51]. The
Stroop effect was significant, with faster responses on congruent trials than on incongruent
trials [F (1, 7.30) = 19.33, p = .003]. The main effect of Group was not significant [F (2,
105.12) = 1.40, p = .25], nor was the Group by Stroop effect interaction [F (2, 104.25) = 1.32,
p = .27], indicating comparable performance in response inhibition among the three groups
(see Table 4.6).
Table 4.6 - Fixed effects of group comparisons for the Number Stroop task
Est

SE

df

t

Pr (>|t|)

Group Bi-high

-22.11

21.44

103.02

-1.031

0.305

Group Bi-low

-20.25

20.72

103.01

-0.977

0.331

SES

-16.83

11.45

103.03

-1.47

0.145

Musical Experience

-33.25

20.84

102.99

-1.596

0.114

Group Bi-high

-41.504

24.657

105.179

-1.683

0.09529

Group Bi-low

-29.821

23.439

105.142

-1.272

0.20607

Stroop effect

89.425

19.473

8.502

4.592

0.00151

Group Bi-high: Stroop effect

-15.475

9.594

104.41

-1.613

0.10977

Group Bi-low: Stroop effect

-5.614

9.115

104.142

-0.616

0.53927

Global RTs

Stroop effect
.
**

Significant codes: ‘p < .001 ***’ ; ‘p < 0.01 **’ ; ‘p < .05 *’
Note: Intercept is the Mono group; Stroop effect: congruent trial vs. incongruent trial
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Simon Task
A total of 4.37% trials were excluded. Overall performance (i.e., RTs and accuracy rate)
is illustrated in Figure 4.8. Mean RTs on the respective trial types are given in Table 4.7.

Figure 4.8 - Overall performance in the Simon task by group, collapsed across trial type.
Error bars represent ±1SE.

Table 4.7 - Simon indices by Group. SDs are given in parentheses.
Mono

Bi-low

Bi-high

congruent

385 (57)

377 (49)

367 (59)

incongruent

513 (120)

505 (115)

457 (85)

Simon Effect

127 (75)

128 (91)

91 (41)

There was no group difference on overall RTs [F (2, 95) = 1.44, p = .24]. The Simon
effect was significant, with faster responses on congruent trials than on incongruent trials [F
(1, 9.89) = 52.72, p <. 001]. The main effect of Group was not significant [F (2, 97.02) =
1.92, p = .15], nor was the Group by Simon effect interaction [F (2, 96.71) = 2.44, p = .092],
indicating comparable performance in response inhibition among the three groups (see Table
4.8).

79

Table 4.8 - Fixed effects of group comparisons for the Simon task
Est

SE

df

t

Pr (>|t|)

Group Bi-high

-27.462

17.171

95.01

-1.599

0.1131

Group Bi-low

-4.389

17.167

94.996

-0.256

0.7988

SES

-6.424

9.669

95.032

-0.664

0.508

Musical Experience

-29.238

17.456

94.995

-1.675

0.0972

Group Bi-high

-18.58

13.754

97.125

-1.351

0.1799

Group Bi-low

-8.376

13.54

97.008

-0.619

0.5376

Simon effect

127.094

19.149

20.226

6.637

1.73E-06

***

Group Bi-high: Simon effect

-36.443

19.02

96.79

-1.916

0.0583

.

Group Bi-low: Simon effect

0.342

18.727

96.737

0.018

0.9855

Global RTs

.

Simon effect

Significant codes: ‘p < .001 ***’ ; ‘p < 0.01 **’ ; ‘p < .05 *’
Note: Intercept is the Mono group; Simon effect: congruent trial vs. incongruent trial

4.4. Discussion
The first purpose of the study was to identify the effects of bilingualism on the two
types of inhibitory control (i.e., interference suppression and response inhibition) in young
adult monolinguals and bilinguals. We predicted superior performance in bilinguals relative
to monolinguals in tasks tapping into interference suppression (i.e., ANT and TEA subtest
ED), but not in tasks involving response inhibition (i.e., Stroop and Simon tasks). The results
of this study supported these hypotheses, showing better performance in the bilingual groups
(Bi-high and Bi-low) compared to the monolingual group in conflict effect (ANT), but
comparable performance in the Stroop effect and Simon effect between the groups. In the ED
subtest of TEA, a group difference was observed between the Bi-high group and the
monolingual group. These findings suggest that bilingualism affects the two types of
inhibitory control differently, thus indicating that interference suppression, rather than
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inhibition response, was the key determinant for the observed differences in relation to
inhibitory control between monolinguals and bilinguals.
These results are consistent with previous studies (Bialystok et al., 2006; Bialystok &
Viswanathan, 2009; Esposito et al., 2013; Luk et al., 2010): bilingualism mainly influences
interference suppression, not response inhibition. In addition to supporting the existing
evidence, our findings suggest that these effects extend from the visual to the auditory
domain. Importantly, these results support the notion that there is a distinction between the
two types of inhibitory control, which are frequently referred to using the general term
“inhibition” in existing bilingualism research. Moreover, our results may partly explain the
inconsistency in the findings in relation to the cognitive effects of bilingualism particularly in
terms of inhibitory control. While some studies observed superior performance in bilinguals
compared to monolinguals in tasks measuring interference suppression (Bak et al., 2016;
Bialystok & Senman, 2004; Costa et al., 2008; Vega-Mendoza et al., 2015), other studies
found that these monolingual-bilingual differences were absent in tasks measuring response
inhibition (Colzato et al., 2008; Kousaie & Phillips, 2012; Martin-Rhee & Bialystok, 2008).
Secondly, this study aimed to explore the influence of language proficiency on
cognitive performance. The main significant difference was found between the Bi-high and
the monolingual group. The Bi-low group took an intermediate position, not being
significantly different from either group after Bonferroni correction. This pattern was further
confirmed by an additional linear trend analysis [ F (1, 108) = 9.96, p = .005]. This
observation suggests that language proficiency might modify cognitive performance so that a
group difference between the Bi-low group and the monolingual group might not emerge
until bilinguals reach a considerable level of proficiency.
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Interestingly, the Bi-high group showed a smaller orienting effect (centre-cue vs.
single-cue trials) than the monolinguals in the ANT, while the Bi-low group and the
monolinguals showed comparable performance. Further analysis showed that the Bi-high and
the monolinguals had a similar response time on the single-cue trials, but that the Bi-high
group responded faster on the centre-cue trials than the monolinguals did, thus leading to a
smaller orienting effect. Previous research has shown that bilinguals show faster overall or
global RTs than their monolingual counterparts (Bialystok et al., 2004; Costa et al., 2009;
Kousaie & Phillips, 2012), which was referred to as the Bilingual Executive Processing
Advantage (BEPA) hypothesis (Hilchey & Klein, 2011). If so, the faster RTs in the centrecue trials could be due to the general cognitive benefits associated with bilingualism. Group
differences were only observed in the Bi-high group, not in the Bi-low group, which could be
due to the level of language proficiency. The current results suggested that the bilingual
experience, rather than language proficiency, is the key determinant for the better cognitive
performance of bilinguals in comparison to monolinguals, and that language proficiency
might modify the cognitive effects of bilingualism to some extent.
It has been suggested that bilingualism may not be the only type of experience that is
highly associated with better executive performance. One of the others is musical experience.
For example, Bialystok and DePape (2009) compared monolinguals, bilinguals, and musical
performers as they completed the Simon arrows task and auditory Stroop task. The results
showed diverged patterns: in the nonverbal spatial conflict task (i.e., Simon), both the
bilinguals and musicians performed better than monolinguals in inhibition measured by the
Simon task; in the auditory linguistic-based conflict task (i.e., Stroop), the musicians
outperformed the monolinguals and bilinguals in overall response speed. They demonstrated
that both bilingualism and musical experience can enhance executive control. It has been
argued that musical performance is a complex task, which engages selective attention,
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monitoring, and shifting, particularly in the auditory domain. A growing number of studies
have shown different cognitive benefits correlated with musical experience (Janus, Lee,
Moreno & Bialystok, 2016; Moreno et al., 2011; Rodrigues, Loureiro & Caramelli, 2013;
Slevc, Davey, Buschkuehl & Jaeggi, 2016). The findings in the current study suggest that
musical experience is significantly associated with better executive performance, such as
auditory attentional switching and overall RTs in ANT.
Taken together, these results suggest that bilingualism benefits individuals in relation to
executive functions even in young adults whose cognitive capacities are assumed to be at
their highest level. Importantly, the current study separated the general term “inhibition” into
two more specific components; namely, interference suppression and response inhibition. Our
findings suggest that bilingualism mainly influences interference suppression, but not
response inhibition. The present study contributes to previous research by separating the two
types of inhibitory control, which has previously been researched under the general term
“inhibition” that measured across different tasks (e.g., Flanker task, Stroop task, Simon task,
or ANT). Interestingly, musical experience was shown to be positively associated with better
executive performance, thus suggesting that this variable should be taken into consideration
in future studies. Our study also investigates how language proficiency affect cognitive
performance, which turns out to modify cognitive performance and affect the emergence of
group difference between monolinguals and bilinguals. The results may at least partly explain
the reasons behind the inconsistencies in the existing literature regarding the cognitive
benefits associated with bilingualism.
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Chapter 5
language acquisition and linguistic environment
5.1. Introduction
The term “immersion education” was adopted in Canada during the 1960s to describe
the programs where English-speaking children were taught through the medium of French
(Cummins, 1998). Nowadays, the term is used to describe the approach to foreign language
(L2) instruction, in which the usual curricular activities are conducted in the L2. There are
different types of language immersion programs, such as Content and Language Integrated
Learning (CLIL) popular in most European countries (De Graaff et al., 2007) or Study
Abroad Programs (Dwyer, 2004).
Studies that have examined the effects of language immersion on linguistic
performance have reached a relatively uniform agreement that an L2-dominant environment
(e.g., study abroad) significantly improves L2 speaking proficiency (Hernández, 2010; Linck,
Kroll & Sunderman, 2009; Llanes & Muñoz, 2009; Segalowitz et al., 2004; Serrano, Llanes
& Tragant, 2011; Tanaka & Ellis, 2003). In contrast, findings for other linguistic domains
have been inconsistent (for a review see Pliatsikas & Chondrogianni, 2015). There is
increasing evidence that L2-learners who received traditional classroom-based L2 instruction
outperformed those receiving L2-immersion instruction in linguistic abilities, such as
grammatical and lexical abilities (Collentine, 2008; Parafita Couto et al., 2015),
pronunciation of selected features of phonology (Segalowitz et al., 2004), and verbal learning
(Dahl & Vulchanova, 2014). On the other hand, L2 immersion was reported to positively
correlate with performance on the lexical categorization task (Malt & Sloma, 2003), while
years of classroom-based L2 training was negatively associated with lexical performance
(Zinszer, Malt, Ameel & Li, 2014). This inconsistency may be attributed to a range of
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variables such as self-confidence and attitudes (Serrano, 2011; White & Turner, 2005), L2
proficiency (Casaponsa et al., 2014; Carrasco-Ortiz & Frenck-Mestre, 2014), length of L2
immersion (Malt & Sloma, 2003), age of earliest L2 exposure, code-switching patterns,
classroom instruction (Zinszer et al., 2014), and focus of L2 instruction (Collentine, 2008). In
addition, it has been shown that the manner in which learners acquire their L2 (e.g., intensive
vs. regular learning style) is highly correlated with L2 linguistic performance; intensive L2
input and exposure predict better L2 competence (Collins et al., 1999; Freed et al., 2004;
Serrano et al., 2011). However, little is known whether these two pathways of language
acquisition (i.e., L2 instruction vs. L2 immersion) might have a different impact on the
cognitive effects associated with language learning.
As for the cognitive consequences of language immersion, most studies have examined
these cognitive effects in children who were enrolled in immersion education, which provides
a native-like linguistic environment. Prior research has suggested a positive effect of L2
immersion on executive control. For example, Nicolay and Poncelet (2013) compared the
cognitive performance of children enrolled in English immersion classes for three years and
those enrolled in monolingual French-speaking classes. The results demonstrated that L2immersion positively influenced attentional/executive control, such as alerting, auditory
selective attention, divided attention, and mental flexibility, but not interference inhibition.
Their follow-up study (i.e., Nicolay & Poncelet, 2015) used a longitudinal design, and the
results were consistent with their previous findings. Similar studies on language immersion
associated benefits have been reported with respect to general cognitive abilities, such as
intelligence (Woumans, Surmont, Struys & Duyck, 2016), verbal working memory, and word
learning (Kaushanskaya, Gross & Buac, 2014). These cognitive benefits were correlated to
the level of L2 proficiency and length of immersion (Bialystok & Barac, 2012).
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On the other hand, other studies reported null results, suggesting that the cognitive
effects of L2 immersion in children might be confounded by language proficiency (Poarch &
van Hell, 2012) and other types of experiences (Carlson & Meltzoff, 2008), such as musical
experience (Janus et al., 2016), video-gaming experience (Vulchanova et al., 2015), physical
activity (e.g., martial arts, training in aerobics, and yoga), and games (Diamond & Lee, 2011;
Diamond, 2012). Simonis et al. (2019) demonstrated that the unmatched background
variables between groups (i.e., age, socioeconomic status-SES, and intelligence) could lead to
a null result when assessing the cognitive differences through an across-group comparison. In
addition, these confounding variables are complex and interact with each other. For example,
a study with Chinese-English bilinguals showed that L2 proficiency along with SES and
general intelligence were strong predictors of performance on conflict monitoring (Xie,
2018). Given that the bilingual experience itself is fluid, complex, and dynamic (Luk &
Bialystok, 2013, Deluca et al., 2018), there are some experience-based factors (e.g., linguistic
environment of L2 acquisition, L2 exposure, and L2 proficiency) that might lead to different
linguistic and cognitive consequences. Therefore, a longitudinal design has been strongly
recommended to assess the cognitive effects associated with language immersion (Nicolay &
Poncelet, 2013, 2015; Simonis et al., 2019; Woumans et al., 2016), which allows for
correlations between experience-based factors and language immersion-induced cognitive
changes.
The L2-language immersion program (e.g., Study Abroad) provides a native linguistic
environment , which allows L2-learners to have more social interaction in L2 and
dramatically enhances L2 input in terms of quantity and quality (DeKeyser, 2007). The
Adaptive Control Hypothesis (ACH) (Green & Abutalebi, 2013) has been proposed to
describe how cognitive control processes adapt to the linguistic contexts, in which individuals
are engaged with different modes of language interaction (i.e., single language, dual
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language, and dense code-switching). In a single language context, the cognitive demands on
interference control (i.e., conflict monitoring and interference suppression) are significantly
increased. In the L2-dominant immersion, which creates a single language context, L2
learners are hypothesised to rely more on interference control to adjust to the L2-dominant
environment. The linguistic environment has been reported to affect individuals in both
monolinguals and bilinguals. For instance, monolinguals who lived in a multilingual
environment compared to those living in a monolingual environment showed enhanced
brain’s receptivity to learning a new language (Bice & Kroll, 2019). Another study found that
an L2-dominant linguistic environment induced changes in neurological structures in adult
sequential bilinguals, who did not receive any linguistic learning or training during
immersion (DeLuca et al., 2019). However, there is limited research on the cognitive
consequences of L2 immersion versus L2 instruction associated with L2 acquisition on
executive functions in young adults within an L2-dominant environment. The current study
attempts to fill this literature gap by tracking the potential cognitive changes in young adults
who continued their L2 learning in an L2-dominant environment through instruction and
immersion, respectively.
A novel aspect of the study is the use of a longitudinal design with four repeated
assessments. This design has the following advantages: 1) the traditional cross-sectional
comparative (e.g., immersion vs. non-immersion) designs may not fully capture the effects of
experience-based factors (e.g., language exposure, L2 proficiency, and how L2 is acquired)
on cognitive changes induced by language immersion, whereas a longitudinal design can
examine how specific experience-based factors are reflected in executive functions, and
crucially how they change over time; 2) previous longitudinal design normally uses twotesting points (e.g., pre-test vs. post-test), the design of four-testing points is relatively stable
and reliable to trace within-subject changes, which can provide a better understanding of
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changes in cognitive performance over time due to the two pathways of language acquisition.
The main potential concern of this design, however, would be a practice effect (see
Discussion section).
5.2. Method
5.2.1. Participants
Two groups of Chinese students were recruited from the University of Edinburgh. None
of them had lived in any country other than China before taking part in the study. One group
of participants (n = 39) were prospective master students who attended a 10-week Presessional English (PSE) course (L2-instruction group) in June, starting prior to the university
master courses in autumn. Three participants were from the College of Science and
Engineering, the others were from the College of Arts, Humanities, and Social Science. The
second group of participants (n = 38) did not attend the language course (L2-immersion
group), but started directly to attend regular academic subject-based courses taught in English
in September. Seven participants were from the College of Science and Engineering, the
others were from the College of Arts, Humanities, and Social Science. All participants were
native speakers of Mandarin Chinese and English was their main second language (L2). In
the L2-instruction group, 11 participants reported having learned an L3: French (2), Japanese
(8), Korean (1), and 4 participants reported having learned an L4: Cantonese (1), French (1),
German (1), and Korean (1). In L2-immersion group, 20 participants reported having learned
an L3: French (7), German (1), Japanese (8), Korean (3), Spanish (1), and one participant
reported to have learned Spanish as L4. The self-reported proficiencies in L3s and L4s were
very low: average scores are 0.96 and 0.46, respectively (scale: 0 - 5). Two participants in
each group did not attend the last session of testing, but their data from the prior three testing
sessions were included in the analyses.
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The 10-week PSE is a course for prospective students preparing to enter a postgraduate
degree program, which takes place in summer time prior to the university’s opening date.
Students who attend the PSE usually have not reached the language requirement for their
master programs. The PSE program consists of two parts: English for Academic Purposes
(EAP; 6 weeks) and English for Specific Academic Purposes (ESAP; 4 weeks). The EAP is
divided into two 3-weeks courses (EAP1, Week 0-3; EAP2, Week 3-6), which focus on
writing (paraphrasing, summarising and synthesizing), listening (lecture listening and notetaking), speaking (discussion and scenarios), reading (reading academic texts), and academic
language study. The ESAP particularly focuses on the development of subject-based
academic writing and presentation skills of specific subjects. The course consists of four 50minutes morning classes every working day. Based on the design of the EAP language
program, we conducted longitudinal testing across four sessions: at the beginning of language
course (W0, baseline), end of EAP1 (W3), end of EAP2 (W6), and end of ESAP (W10). Both
groups received the same procedure of testing with four repeated sessions, but the L2instruction group started earlier than the L2-immersion group (see Figure 5.1).
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Figure 5.1 – The procedure of general testing: (a) timeline of the four repeated sessions and
(b) the procedure of administrating cognitive tasks.

5.2.2. Background measures
The Raven’s Advanced Progressive Matrices (APM)
The APM (Raven & Foulds, 1962) was used as a control of nonverbal general
intelligence. Consistent with a previous study (Ooi et al., 2018), we adopted Set I (i.e., Item 5
or Item 7) as practice and Set II as experimental testing. The design of the Matrices ensures
that the demand of the level gradually increases with the items. Participants were instructed to
complete the matrices item by item in 10 minutes and were told that if they were having
difficulty with a specific item, they could guess the answer and continue to the next one.
They started with Item 1 and had to answer as many items as they could. The results were
scored as the number of correct items for each participant.
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Questionnaires
Two questionnaires were employed during the first and the last sessions, respectively.
The pre-test questionnaire was to collect general demographic information (e.g., age and
gender), IELTS scores, and self-reported language proficiency before the testing. Using 6point scales (i.e., 0-5, marked from “none” to “fluent”), participants rated their speaking,
understanding, reading and writing skills in every language they had learned. The post-test
questionnaire was to collect the information on their self-reported English proficiency after
10 weeks and the time they spent practicing/learning the L2.
5.2.3. Experimental tasks
Four non-linguistic cognitive tasks (i.e., Attention Network Task, Number Stroop task,
Elevator subtests of the Test of Everyday Attention, and Corsi Tapping task) were employed
to measure different aspects of executive functions. In the computerised tasks, all stimuli
were presented on E-Prime (version 2.0) on a 17-inch computer screen. A schematic
representation of each task is depicted in Figure 5.2.

Figure 5.2 - Schematic representation of each task of executive functions.
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Attention Network Task (ANT)
This task is a well-established assessment of attentional capacities (i.e., alerting,
orienting, and inhibition) (Fan, McCandliss, Sommer, Raz & Posner, 2002), which has been
widely used to investigate the effects of bilingualism on attentional abilities (e.g., Costa et al.,
2008). We used this task to investigate the impact of L2-dominant immersion and L2
instruction on these attentional capacities. In this task, participants were instructed to respond
to the central arrow of the horizontal five arrows presented in the middle of the screen either
below or above a fixation cross. They were required to respond (by pressing the mouse “left”
and “right”) as quickly and accurately as possible with their dominant hand. There were three
types of trials: congruent, neutral, incongruent, and four cueing conditions: single, double,
centre and no cue. These cues provided information about the location of the arrows (i.e.,
single cue), the occurrence of the arrows (i.e., double and centre cue), or no information (i.e.,
no cue). Three attentional indices were obtained calculating the difference in RTs / accuracy
rate between the following trials: ANT conflict (congruent vs. incongruent); ANT alerting
(double-cue vs. no-cue); ANT orienting (centre-cue vs. single-cue). Participants started with a
practice block consisting of 24 trials and followed by three experiment blocks of 96 trials
each. Feedback on performance was only provided in the practice block.
Number Stroop Task
To avoid any linguistic influence, a numerical version of the Stroop task was used
(adapted from Hernández et al., 2010). This task is well documented to measure inhibitory
control (i.e., Stroop effect) (Stroop, 1935) and is the primary focus of the current study. In
this task, participants were asked to count digits or symbols presented on the centre of the
screen by pressing the keys 1, 2, or 3 on the keyboard while ignoring the numerical value of
the digits. There were three experimental conditions: congruent, incongruent, and neutral
condition. Inhibitory control was assessed by the difference in RTs / accuracy rate between
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incongruent and congruent trials (Stroop effect). Participants were given a practice block with
18 trials and followed by two experimental blocks of 90 trials each. Feedback on performance
was only provided in the practice block.
Test of Everyday Attention (TEA)
The TEA (Robertson et al., 1994) is a well-established clinical assessment of attention,
which has three parallel versions (i.e., A, B, and C) to avoid practice effects. Most studies
examining the cognitive effects associated with language immersion have focused on the
visual attentional domain. We selected the three subtests of Elevator Tasks to explore the
effects of language immersion and instruction on the auditory attentional performance. To
avoid practice effects, the three parallel versions were used in the order of A-B-C-A in the
current study. All tasks were presented through media player with a headset.
a) Elevator with Counting (EC: 7 trials): this task assesses sustained attention.
Participants were asked to count tones of the same pitch presented at irregular
intervals.
b) Elevator with Distraction (ED: 10 trials): this task assesses auditory selective
attention/inhibition. Participants were asked to count low tones while ignoring
interspersed high tones.
c) Elevator with Reversal (ER: 10 trials): this task assesses auditory attentional switching
(auditory-verbal working memory). Participants were presented with high, middle,
and low tones. They had to count the middle tones while the high and low tones
indicated the counting direction (upwards and downwards, respectively).
Corsi Tapping Task (CTT)
This task was adapted from the Wechsler Memory Scale-III (WMS-III, Wechsler,
1997), which was established as a measure of visuospatial memory span (forward condition),
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working memory (backward condition), and mental rotation (rotated condition). Working
memory plays a crucial role in L2 acquisition (Ardila, 2003). Previous studies have shown
that the management of two languages results in more efficient executive processing,
including working memory (Grundy & Timmer, 2017) and mental rotation (Greenberg,
Bellana & Bialystok, 2013). This task began with the simple forward condition and ended
with the difficult rotated condition. It was presented on a plastic whiteboard (27.5 cm ×
21cm) with ten blue cube-shaped numbered blocks (3 cm × 3 cm; from 1 to 10), but the
numbers were only visible to the experimenter. The experimenter tapped on blocks sequences
at a rate of approximately one second per block, with sequences varying in length from two to
nine blocks. Participants reproduced the sequences in their original order (beginning with two
two-block sequences) in the forward condition and reversed the order in the backward
condition. The tasks stopped when participants made errors on both sequences at a given
length (e.g., six-block sequences).
In addition to forward and backward conditions (Bialystok, Craik & Luk, 2008), the
rotated condition was used to measure mental rotation. In this condition, there were two
identical whiteboards, with numbers facing the experimenter only and one of the boards was
rotated for 180° from the other one. The experimenter tapped on the blocks in a
predetermined sequence, and the participants had to reproduce the sequences with the same
blocks and the same order on the rotated board. The sequences varied in length from one to
five blocks. The task stopped when the participants make errors on all six sequences at a
given length. This task started with four one-block practice trials, and there were no practice
trials in the forward and backward conditions. As for scoring, participants got one point for
each correctly-tapping trial, and results were scored as the percentage of accuracy.
5.2.4. Statistical analyses
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All analyses were conducted by fitting models from the lme4 packages (Bates, Mächler,
Bolker& Walker, 2014) in R (Version 3.6.1, The R Foundation for Statistical Computing,
2019).
In the initial analysis, background variables with a continuous scale (e.g., age and SES)
were analysed using one-way ANOVA, while other experience measures on a nominal scale
(i.e., gender, handedness, musical experience, and video-gaming experience) were using the
chi-squared test. The factors that indicated group differences were added to models in the
main analyses. Participants’ self-reported L2 proficiencies used Linear Mixed-effect Models
(LMMs), with L2 proficiency as a dependent variable, Session (i.e., pre-test vs. post-test) and
Group as fixed variables.
In the main analyses, mixed effect models were employed. Before data analyses,
following Ooi et al. (2018), we excluded the trials for which RTs were outside of 3-SD of
each participant mean across all trial types and RTs associated with incorrect responses. In
RT analyses, the LMMs were conducted, with RT as the dependent variable, Group (i.e., L2instruction group vs. L2-immersion group), Session (i.e., four repeated sessions: W0, W3,
W6, and W10), and Trial Type (e.g., congruent and incongruent trials) were fixed variables,
and participants and items were random variables (i.e., including random intercepts for each
participant and item). The Trial Type was varied according to the effects of interest; thus,
there were four models in the ANT (Overall RTs, Conflict, Alerting, and Orienting) and two
models in the Stroop (Overall RTs and Stroop). Fixed variables were allowed to interact with
each other in a single model. Since the accuracy rate was relatively high in the RT-based
tasks (i.e., ANT: 98.71%; Stroop: 97.57% ), therefore, we only analysed the average accuracy
rate across the four sessions. Only the interactions were reported, which was for reasons of
brevity and relevance to the research questions.
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We checked the model by removing/adding slopes to select the best-fitted models
(Baayen, Davidson & Bates, 2008). The results showed that only adding a slope for each
participant (e.g., for the random effects in the mixed effect models: (1+ TrialType | Subject)+
(1 |Item)) provided the best model fit. Since there were four testing points, we added a
quadratic term to the model to allow us to test whether the effect of Session became
progressively stronger or levelled off (Steinberg et al., 2018). We checked to add a quadratic
term or not and found that it did not change the results. In order to make our model simple
and easy to be converted, we excluded the quadratic term from the main analyses.
For the three subtests of the TEA and the CTT, the accuracy rate was obtained based on
the number of correct responses, therefore linear models were used with the accuracy rate as
a dependent variable , Group and Session as fixed variables.
5.3. Results
5.3.1. Initial analyses
Background measures
No group differences were found on age, age of attending primary school, SES, AoA,
musical experience, video-gaming experience, and Ravens’ APM scores (all ps > .05),
indicating comparable basic cognitive abilities in the two groups (see Table 5.1).
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Table 5.1 - Demographic information of participants. SDs are given in parentheses.
N / male
Raven’s APM scores i
Age in years
SES indexed by Parents’ Education ii
Age of L2 Acquisition in years
Age of attending primary school in
years
Musical Experience %
Video-gaming Experience %
Average hours of practicing L2 v
Average hours of classes
IELTS overall scores iii
Speaking
Listening
Reading
Writing
Self-reported L2 Proficiency at W0 iv
Speaking
Understanding
Reading
Writing
Self-reported L2 Proficiency at W10
Speaking
Understanding
Reading
Writing

L2-instruction group
39 / 2
17.87 (3.25)
22.41 (1.07)
7.19 (1.16)
8.38 (3.28)

L2-immersion group
38 / 2
19.26 (2.99)
22.39 (0.82)
6.76 (1.8)
7.47 (2.37)

6.33 (0.70)

6.32 (0.66)

64.10%
56.41%
7.76 (2.60)
19.6 (3.34)
6.45 (0.25)
5.92 (0.35)
6.78 (0.58)
6.92 (0.48)
5.96 (0.27)
11.1 (2.1)
2.54 (0.72)
2.97 (0.71)
3.13 (0.57)
2.46 (0.68)
12.51 (2.14) a
2.84 (0.6)
3.16 (0.65)
3.38 (0.68)
3.14 (0.75) a

55.26%
60.53%
7.06 (2.81)
12.78 (5.54) *
7.04 (0.34) *
6.26 (0.36) *
7.51 (0.75) *
7.76 (0.67) *
6.28 (0.41) *
12.47 (1.84) *
2.84 (0.68)
3.26 (0.69)
3.68 (0.57) *
2.82 (0.56) *
13.11 (2.44)
2.97 (0.77)
3.42 (0.73)
3.64 (0.72)
3.08 (0.6)

i

APM scores were the number of corrected items (the total number was 36)
This a composite score based on parental education level given by the summed scores of both
parents. The scale ranged from 1: primary school, 2: middle school, 3: high school, 4: Bachelor’s or
equivalent to 5: postgraduate
iii
IELTS is an international standardised test of English language proficiency for non-native English
language speakers. The score ranged from 0 to 9 (high score means better performance), in 0.5 band
increments.
iv
The scale of self-reported L2 proficiency ranged from 0-5, marked by “none” to “fluent”
v
The average hours of practicing L2 per week over the 10 weeks
a
Significant differences on self-reported English proficiency between W0 and W10
*
Significant differences between L2-instruction group and L2-immersion group
ii

Language Proficiency
The two groups did not differ on average hours of practicing L2 over the 10 weeks (p >
.05), but the class time (i.e., formal English-instruction classes in the L2-instruction group vs.
classes of academic programme conducted in English in the L2-immersion group) was longer
in the L2-instruction group than the L2-immersion group (p < .001). As to the IELTS, as
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expected, the L2-immersion group obtained significantly higher scores relative to the L2instruction group on overall scores as well as sub-categories (i.e., speaking, listening, reading,
and writing). In terms of self-reported L2 proficiency, the patterns were mixed. At the pretest, the L2-immersion group showed higher scores than L2-instruction group on the overall
proficiency, writing, and reading (p = .006, p = .02, p < .001, respectively), with no
differences in speaking and listening (p = .058, p = .070, respectively). At the post-test, no
group differences were found in any of the language categories (all ps > .05). Significant
increase on overall self-reported proficiency was only observed in the L2-instruction group (p
= .005), but not in the L2-immersion group ( p = .23).
5.3.2. Main analyses
ANT
A total of 2.87% trials were excluded. Mean RTs on the respective trial types are given
in Table 5.2.
Table 5.2 - ANT and Stroop indices by Sessions. SDs are given in parentheses.

ANT
Congruent
Incongruent
Conflict
Double-cue
No-cue
Alerting
Single-cue
Centre-cue
Orienting
Stroop
Congruent
Incongruent
Stroop

W0

L2-instruction group
W3
W6
W10

W0

L2-immersion group
W3
W6

W10

456 (53)
540 (61)
84 (22)
473 (52)
524 (58)
51 (21)
448 (49)
483 (56)
35 (16)

447 (54)
514 (61)
67 (21)
455 (51)
513 (62)
57 (23)
436 (51)
465 (53)
29 (15)

450 (47)
510 (53)
60 (18)
454 (41)
513 (47)
59 (17)
438 (48)
464 (51)
26 (17)

447 (59)
505 (62)
58 (16)
450 (52)
511 (64)
60 (26)
435 (58)
460 (57)
25 (19)

453 (56)
531 (60)
77 (24)
467 (53)
517 (62)
49 (24)
447 (56)
479 (62)
33 (21)

445 (51)
513 (64)
68 (25)
457 (55)
513 (59)
55 (24)
438 (58)
465 (55)
27 (15)

446 (52)
506 (60)
60 (23)
452 (50)
507 (54)
55 (19)
434 (56)
463 (56)
29 (16)

448 (57)
501 (62)
53 (21)
453 (56)
512 (66)
59 (30)
433 (60)
466 (64)
33 (20)

530 (72) 498 (75)
606 (82) 559 (89)
76 (28) 61 (34)

486 (69)
548 (88)
62 (34)

483 (66)
540 (87)
57 (30)

535 (80)
615 (95)
80 (32)

492 (60)
547 (73)
55 (24)

479 (67)
533 (86)
54 (31)

480 (72)
529 (85)
49 (23)

Note: ANT Conflict: Incongruent vs. congruent trials; Alerting: no-cue vs. double-cur trials;
Orienting: centre-cue vs. single-cue trials. Stroop effect: Incongruent vs. congruent trials.
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Overall performance
No main effects or interaction effects were found on the overall RTs and accuracy
performance (all ps > .05), indicating that there was no practice effect.
Alerting effect
The Alerting effect was significant [F (1, 22.23) = 16.35, p < .001], indicating faster
responses on double-cue trials than on no-cue trials. No other main effects or interactions
were significant (all ps > .05).
Orienting effect
The Orienting effect was significant [F (1, 22.06) = 4.30, p = .049], indicating faster
responses on single-cue trials than on centre-cue trials. No other main effects or interactions
were significant (all ps > .05).
Conflict effect
The Conflict effect was significant [F (1, 30.50) = 38.84, p < .001], as its interaction
with Session [F (3, 295.15) = 20.23, p < .001], indicating improvements in inhibition with
testing sessions starting from W3. No changes were found between W3-W6 and W6-W10.
No other main effects or interactions were significant (all ps > .05) (see Figure 5.3).
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Figure 5.3 - Performance in the ANT over the four repeated assessments by group. Error bars
represented ±1SE.

Number Stroop Task
A total of 4.32 % trials were excluded. Mean RTs on the respective trial types are given in
Table 5.2.
Overall Performance
The overall accuracy did not change but mean RTs decreased over testing sessions [F
(3, 295) = 10.07, p < .001], starting from W3. No changes were found between W3-W6 and
W6-W10. No other main effects or interactions were significant (all ps > .05).
Stroop effect
There were main effects of Stroop effect [F (1, 7.22) = 44.98, p < .001] and Session [F
(3, 295.01) = 11.00, p < .001], and a significant interaction between them [F (3, 294.30) =
10.90, p < .001]: improvements in inhibitory control with testing sessions starting from W3.
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No changes were found between W3-W6 and W6-W10. No other main effect or interactions
were significant (all ps > .05) (see Figure 5.4).

Figure 5.4 - Performance in the Number Stroop task over the four repeated assessments by
group. Error bars represent ±1SE.

TEA
In the EC, no main effects or interaction effects were found (all ps > .05). The average
accuracy rate of the two groups was 98.40%, indicating a ceiling effect on performance. In
the ED, the main effect of Group was significant [F (1, 296) = 8.95, p = .003]: the L2instruction group performed better on selective attention/inhibition than the L2-immersion
group did; as was the Session [F (3, 296) = 18.08, p < .001]: increased performance with
testing sessions from W3. In the ER, only the main effect of Session was significant [F (3,
296) =7 .86, p < .001], indicating enhanced performance in attentional switching with testing
session from W3. No other effects were significant (all ps > .05) (see Figure 5.5). The
comparisons between other sessions were conducted in the Further analyses sect
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Figure 5.5 - Performance in the respective TEA Elevator subtests (i.e., ED and ER) by group.
Error bars represent ±1SE.

Corsi Tapping task
In the forward condition, no main effects or interaction effects were found (all ps >
.05). The average accuracy rate was 53.19%. The main effect of Session was significant in
the backward condition [F (3, 296) = 2.98, p = .03] and rotated condition [F (3, 296) = 7.63, p
< .001]: enhanced performance in working memory and mental rotation with testing sessions
from W6 and W3, respectively. No other effects were significant(all ps > .05) (see Figure
5.6). The comparisons between other sessions were conducted in the Further analyses
section.

Figure 5.6 - Performance in the respective Corsi Tapping task (i.e., Backward and Rotation)
by group. Error bars represent ±1SE.
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Further analyses
Further analyses were conducted to examine the degree of change over the four
repeated sessions. We were interested if these changes between the testing points were the
same (i.e., W0-W3 vs. W3-W6 vs. W6-W10). These analyses were run by changing the
reference level in the original models from “W0” to “W3” and “W6”, respectively. No
changes were found between the testing points W3-W6 and W6-W10 in any of the cognitive
measures ( all ps > .05), indicating that these observed changes occurred at the earlier stage of
L2 immersion and lasted until the last session. We also compared the performance of two
groups at the first testing point (i.e., W0) and did not observe group differences in any of the
cognitive measures (all ps > .05).
5.4. Discussion
The aim of this study was to investigate the longitudinal effects of L2 immersion versus
instruction on executive functions in young adult Chinese speakers learning English, who
continued their L2 learning in an L2-dominant environment. A four-repeated-assessment
longitudinal design was used to track the changes induced by L2-immersion vs. L2instruction on executive control whilst controlling possible experience-based confounding
variables. Executive performance was assessed through four non-linguistic cognitive tasks:
the Attention Network Task, the Number Stroop task, the Elevator subtests of the Test of
Everyday Attention, and the Corsi Tapping Task, providing multiple-dimensional measures
of executive functions. Two groups of participants who received L2 instruction and
immersion, respectively, were compared.
The longitudinal results demonstrate a similar enhancement of cognitive performance in
both groups in tasks assessing visual and auditory inhibition, attentional switching, and
mental rotation, indicating a similar cognitive effect of L2 instruction and immersion. The
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only significant group difference was observed in the auditory inhibition test, in which the
L2-instruction group showed an overall superior performance than the L2-immersion group,
suggesting specific effect of L2 instruction. Further analyses to trace the degree of change
over 10 weeks showed that these changes occurred at the earlier stage of L2 exposure and
lasted until the last session.
A comparable enhancement of inhibitory control was found in the two groups in both
the visual and auditory domains. According to the Adaptive Control Hypothesis (Green &
Abutalebi, 2013), bilinguals might require more interference control in a single language
context. In the current study, the Chinese-English participants were immersed in an L2dominant environment, which stimulates activation of bilinguals’ less-dominant L2. This L2immersion experience may lead to enhanced inhibitory control in our participants. It has been
suggested that the inhibition is greater when inhibiting the dominant L1 than when inhibiting
the less-dominant L2 (Costa & Santesteban, 2004). To adjust to the L2 environment, our
participants had to actively inhibit their dominant L1 to the furthest extent, especially at the
early stage of L2 immersion. When they became used to the L2-dominant environment, the
increasing demands of related cognitive control might not be as significant as the beginning,
which may explain the lack of changes between W3-W6 and W6-W10.
A similar improvement of attentional switching abilities was observed in both groups.
The results of the time spent on practicing L2 showed that our participants mainly used L2 in
classes and the average hours were less than 8 hours per week. This meant that our
participants might have frequently switched between their two languages after classes (e.g.,
communicating with their friends in their L1), which might have led to enhanced attentional
switching abilities. There is existing evidence that an increase in one type of cognitive
abilities might positively affect other related abilities (Green & Bavelier, 2003). This could
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explain the improved performance on mental rotation. Previous studies suggested that
bilingualism could increase flexibility in mental-set shifting (Bialystok et al., 2004;
Houtzager et al., 2017; Prior & MacWhinney, 2010), which received supporting evidence
from neuroimaging studies (Garbin et al., 2010; Green & Abutalebi, 2013; Gold et al., 2013;
Rodríguez-Pujadas et al., 2013).
A significant decrease of overall response time over testing sessions was found in both
groups in the Stroop task, but not in the ANT. This could be explained as a global RT effect
associated with bilingualism as proposed by Hilchey and Klein (2011): a domain-general
enhancement of executive control in bilinguals could predict an overall faster response. The
overall RTs in the ANT was stable, which could be due to the demand level of the task. The
low demand of ANT might not sufficient enough to exhibit any change (Qu, Ow, Zhang &
Li, 2016). The alternative explanation could be the practice effect due to familiarity with the
task processes and better performance with repeated testing (Donovan & Radosevich, 1999).
However, this could not explain the stable overall RTs in the ANT. Notably, the average
accuracy rate did not change in both tasks.
In contrast, stable performance was found on alerting, orienting, sustained attention,
and working memory in the forward condition. All participants showed a ceiling effect in
sustained attention and obtained an average accuracy rate around 50% in working memory in
the forward condition. In contrast to studies by Nicolay and Poncelet (2013, 2015), in which
they reported significant enhancement on alerting in immersed children. They explained that
the immersed children had low proficiency in the L2, and thus had to maintain their
continuous readiness for effortful processing, such as for monitoring and understanding the
academic courses taught in L2. Such experience has led to an enhancement in their alerting
abilities. In the present study, our participants were those with relatively high-proficiency in
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the L2. Therefore, the cognitive demand for alerting was low and their performance on
alerting was stable.
Notably, the L2-instruction group showed an overall superior performance on auditory
inhibition than the L2-immersion group did. As Ooi et al. (2018) explained that the
characteristics of selected tasks might differ in assessing attentional control: the ANT and
Stroop task were motivated by a theoretical framework of attention and mostly used in an
experimental setting, while the Elevator subtests of the TEA were ecologically valid because
arguably closer to everyday activities. This might explain the fact that the L2-instruction
group obtained an overall superior performance than the L2-immersion group for inhibitory
control measured by the elevator task with distraction, but not by the ANT or Stroop task.
Taken together, these observations suggested that subtle differences can be detected on
specific cognitive test although overall the cognitive effects of L2 exposure are comparable in
an instruction and immersion setting.
There were no significant interactions among the fixed variables, but the figures seem
to suggest a different speed of changes between the two groups on specific cognitive
measures, such as conflict resolution in the ANT, auditory attentional performance in the ED
and ER subtests of TEA, and working memory in the backward condition in the CTT. Two
reasons might account for the non-significant interaction effects. The first reason could be the
sample size (i.e., L2-instruction group: 39; L2-immersion group: 38): our small sample size
might have low statistical power to detect true effects (Button et al., 2013). The second
explanation could be the time interval between the repeated assessments: a longer time
interval might not capture the relatively earlier changes between the two groups. In the
current longitudinal design, which was based on the timeline of the10-week PSE, there were
four repeated measures (i.e., W0, W3, W6, and W10) and three times of intervals (i.e., 3
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weeks, 3 weeks, and 4 weeks). Our results observed initial enhancement in cognitive
measures between W0 and W3, but no enhancements between W3-W6 and W6-W10,
indicating significantly initial improvement induced by the early stage of L2 immersion. It is
possible that there were group differences within Week 1 and the two groups reached
comparable performance at Week 3, leading to a statistically non-significant interaction. This
possible explanation receives supporting evidence from previous studies using the same
Elevator subtests of the TEA (Bak et al., 2016; Long et al., 2019), in which language learners
showed comparable performance at baseline and displayed significant improvements in both
ED and ER at the end of one-week intensive Gaelic course. Hence, in the future studies, the
time interval between repeated assessments could be shorter within a longitudinal research
design, such as W0, W1, W2, and W3.
The main limitation in the current study would be the existence of practice and
familiarity effects for some tasks, which are well-recognised in psychology (Donovan &
Radosevich, 1999). It might be argued that the changes over repeated testing could be due to
practice effects, interpreted as automatization of performance (Raichle et al., 1994). In the
ANT, compelling evidence had been reported of practice effects (Fan et al., 2002). In the
current study, no practice effect was observed, as reflected by the stability of overall RTs and
accuracy rate over the repeated testing. Furthermore, decreased RTs were only observed on
the incongruent trials that involved conflict resolutions, not on the congruent trials,
suggesting that the main changes observed in the inhibitory control measured by the ANT
resulted from the L2-dominant immersion experience. In the TEA, three parallel versions
were developed to avoid practice effects (Robertson et al., 1994), as the longitudinal followup, e.g. to evaluate neurorehabilitation, was an important part of the test design. The absence
of practice effects in the TEA was confirmed in studies using the TEA to examine the
impacts of intensive language learning on attentional functions reported no practice effects
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(Bak et al., 2016; Long et al., 2019). Hence, changes in performance in the current study are
more likely to be due to L2-dominant immersion than to practice effects. On the other hand,
no studies have examined practice effects in the Stroop and Corsi tapping task; thus, the
performance assessed by the two tasks could not rule out the potential influence of practice
effects. Importantly, practice effects cannot explain the observed difference (i.e., auditory
inhibitory control) between the two groups, as we would expect them to be similar in both
conditions. Likewise, differences between the groups are unlikely to have resulted from nonlinguistic effects of the experience of moving to another country, and experience which both
groups have shared.
In conclusion, this study presents the first longitudinal design with four repeated
assessments aimed to investigating the effects of L2 instruction versus immersion on
executive functions whilst tracing the observed changes within young adult individuals,
whose cognitive capacities are supposed to be at their peak levels. The longitudinal results
suggest a comparable enhancement of executive functions in an instruction and immersion
setting, indicating a similar cognitive effect of instruction and immersion. However, subtle
group difference can be detected on specific cognitive tests such as auditory inhibition, where
the L2-instruction group showed overall superior performance than the L2-immerison group.
Further research could employ a longitudinal design to focus on how specific factors related
to the L2 acquisition and bilingual experience affect executive functions within individuals,
instead of traditional between-group design (i.e., immersion vs. non-immersion).
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Chapter 6
Linguistic distance and language script
6.1. Introduction
The current trends of globalisation and internationalisation lead to an increasing
number of students studying abroad. The UK is one of the most popular countries among
international students. The two largest groups of international students at most UK
universities are those coming from other European countries and from China, accounting for
29.5% and 24.8% of total number of international students in 2018/2019, respectively
(Studying-in-UK.org, 2020). Europeans and non-European students differ from each other in
many features, such as different languages, cultures, and educational systems they have
experienced. All of these perspectives interact with each other, giving rise to many potential
comparisons between them and many possible explanations for their cognitive differences,
such as “cognitive styles” (Lacko et al., 2020). Given the high proportion of Chinese and
European international students and the striking differences in relation to languages, it is
important to determine whether language is one of the critical factors driving the differences
in other cognitive domains, particularly these highly associated with language learning and
control; namely, domain-general cognitive control, inhibitory control, visual and auditory
attention, working memory, and mental rotation. Specifically, we are interested in linguistic
differences (i.e., linguistic distance and language script) between European and non-European
languages and their impact on cognitive performance as a result of learning different
languages.
A growing body of evidence suggests that individuals’ language experience (auditory
as well as visual) may influence cognitive processing in the non-linguistic domains. For
example, Boroditsky (2001) reported that Chinese speakers responded faster after vertical
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primes than horizontal primes, whereas English speakers displayed an opposite pattern. She
explained that Mandarin Chinese speakers tended to use more frequently vertical terms (“up”
and “down”) than horizontal terms (“front” and “back”) to talk about time, while English
speakers tended to use only horizontal terms. Similar findings have been demonstrated in
other mental representations, such as the colour perception (Kay & Kempton, 1984),
categorical perception (Athanasopoulos et al., 2009), spatial coordinate systems (Levinson,
1996), temporal and associative memory (Tavassoli, 1999), spatial memory (Li, Nuttall &
Zhao, 1999; Tavassoli, 2002), and number-counting systems (Gordon, 2004). It has been
suggested that other factors associated with language experience may have independent or
interacting effects on cognitive processing, including cultural factors (Hedden et al., 2002;
Hong et al., 2000; Yang et al., 2011), school systems (Anderson-Levitt, 2003; Schwartz, et
al., 2013), and language scripts (Coderre et al., 2008; Tsang & Chen, 2012; Tavassoli & Han,
2001, 2002; Yum & Law, 2019).
Language learning is a process underpinned by a variety of cognitive functions
(Bialystok et al., 2012; Kroll & Bialystok, 2013; Schroeder & Marian, 2017), and its
development entails multiple fundamental and interactive components, such as a visual
component (e.g., reading and writing), auditory component (e.g., speaking and listening), and
working memory (e.g., grammatical and lexical acquisition) (Cain et al., 2004; Tan et al.,
2005). The remaining question is how linguistic differences correlated with language learning
and how these, in turn, affect language control and cognitive control. In bilingualism
research, a question that has come under closer investigation in recent years is how bilinguals
control their two jointly activated languages. An additional important question is how
linguistic distance modulates bilinguals’ language control and executive functions. In
language acquisition, the knowledge of phoneme-grapheme correspondences is the basis of
alphabetic scripts, which is crucial in children’s development of their written languages, such
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as word recognition (Mauer & Kamhi, 1996). In contrast, there is a lack of phonemegrapheme correspondence in Chinese (Siok & Fletcher, 2001). This could lead to different
primary information encoding preferences in different languages: the alphabetic languages
tend to rely on auditory information than visual information and are represented in the mind
primarily in a phonological code instead of a visual code (Baddeley, 1981; Hung & Tzeng,
1981; Rubenstein et al., 1971), vice versa for logographic Chinese (Schmitt, Pan, and
Tavassoli, 1994; Tavassoli, 1999, 2002). It is unclear whether these differences extend to the
auditory and visual domains that English native speakers would be more efficient and
sensitive in processing auditory information compared to visual information, vice versa for
Chinese native speakers.
English and Chinese are the two most spoken languages worldwide with 1.5 billion and
1.3 billion speakers, respectively (Kenneth, 2020). The linguistic differences between the two
languages (both in spoken and written modalities) and their impact on cognitive processing
have been well documented. However, less is known to what extent these linguistic
differences affect also cognitive domains involved in language learning. The comparisons
between Chinese and English in relation to the cognitive effects of language scripts can
provide a better understanding of the relationship between language learning and cognitive
processing. Moreover, the comparison between bilinguals who had English as their main
second language but differed in their first languages can shed light on the limited research
with respect to linguistic distance and its impact on cognitive control. Hence, we conducted
two experiments to investigate the potential cognitive consequences of language learning
between European and Chinese populations, particularly the effects of linguistic distance in
spoken languages and language script in written languages on different aspects of cognitive
functions.
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6.1.1. Linguistic distance in spoken languages
The existing tools for measuring linguistic distance are dogged by a lack of consensus
regarding the similarities and differences between languages from multiple linguistic domains
(Chiswick & Miller, 2005; Wichmann, Müller & Velupillai, 2010). A widely used measuring
tool is Levenshtein Distance (Levenshtein, 1966), which is based on the lexical similarity
between two languages. Languages that share more cognates (e.g., German-English) will be
viewed as smaller linguistic distance compared to languages that share fewer cognates (e.g.,
Chinese-English). An alternative computer-automated tool takes the measures of
lexicostatistically derived distance and geographic distance as input to compute a measure of
lexical diversity (Wichmann et al., 2010). According to this approach, the linguistic distance
for languages within the same language family is much smaller than those within a different
language family are. Chiswick and Miller (2005) developed a quantitative measure of the
linguistic distance between English and other languages. This measure is based on a report of
learning difficulty level by Hart-Gonzalez and Lindemann (1993), in which they assigned
language scores for the average ability of learning other 43 languages in English speakers.
These scores suggest a ranking of linguistic distance from English among these languages:
Japanese being the most distant followed by Cantonese and Mandarin, and then Afrikaans,
and Norwegian and Swedish as the least distant.
Previous studies have reported mixed results with respect to the cognitive effects of
linguistic distance in bilinguals when comparing the Chinese-English language pair to the
European languages pairs, such as Spanish-English and French-English. Prior and Gollan
(2011) reported smaller switching costs in switching tasks for Spanish-English bilinguals
than Mandarin-English bilinguals. However, Spanish-English bilinguals switched between
two languages much more frequently than Mandarin-English bilinguals did, which could also
predict a better switching ability. Other studies have claimed a different argument. For
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instance, Bialystok et al. (2005) reported that Cantonese-English bilinguals showed faster
global RTs in a Simon task than both French-English bilinguals and English monolinguals.
Similarly, Yang and Lust (2007) found that both Korean-English and Chinese-English
bilinguals performed better than French-English and Spanish-English bilinguals in the
Attention Network Task (ANT) in terms of global RTs and conflict effects. More recently,
Yang, Yang, and Hartanto (2017) reported the same results using the same task when
comparing Spanish-English bilinguals to Chinese-English bilinguals with matched literacy
skills and immersion experience. Other studies have reported null results (Barac & Bialystok,
2012; Paap, Darrow, Dalibar & Johnson; 2014). Hence, it is important to identify the
modulating factor – linguistic distance – in bilingualism and its impact on executive functions
to gain a better understanding the mutual effects between language control and cognitive
control.
Linguistic differences between different spoken languages, characterised by multiple
aspects, such as phonological awareness, lexicon, morphemes, syntactic structures, etc. are all
likely to contribute towards determining the degree of similarity between different language
pairs and modulating the linguistic distance. The exact quantitative or qualitative linguistic
distances between different language pairs might not be straightforward to measure. In this
study, we were not addressing the specific linguistic differences between the European
languages and Chinese but aimed to provide a preliminary investigation of the relationship
between linguistic distance and executive functions in multiple domains. All languages
included in this study were Chinese (i.e., Mandarin and Cantonese), Germanic languages
(e.g., German, Dutch, and English), and Romance languages (e.g., Spanish, French, and
Italian). According to the existing tools for measuring linguistic distance, we perceived the
linguistic distance between Chinese and English as larger than that among Germanic and
Romance languages.
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6.1.2. Languages and their writing systems
The four basic languages systems (i.e., speaking, listening, reading, and writing)
develop in overlapping and parallel waves (Berninger, 2000). One possible connection
between the two forms of language (i.e., spoken and written) could be a phoneme-grapheme
correspondence. Alphabetic scripts rely on systematic correspondences between letter and
sounds, although this correspondence is relatively irregular in English when compared to
other alphabetic languages (Aro & Wimmer, 2003). For example, Italian, on the other hand,
has an almost one-to-one phoneme-grapheme correspondence. This is not so for logographic
Chinese script. We are interested in the linguistic differences on language scripts in written
languages and their impact on cognitive performance. Given that most published research
primarily focused on Chinese and English, the differences on linguistic scripts are mainly
compared between the two languages.
Logographic Chinese (hereafter referred to as Mandarin unless specified) contrasts
distinctly with alphabetic English. One unique feature of Chinese is its writing unit, which is
a character, while the writing of English is based on 26 Roman letters. In Chinese characters,
specific radicals form the component and each radical takes a specific position within the
character (Wang & Yang, 2008). More specifically, each radical is an individual unit
comprised of strokes and there are eight basic strokes; namely, dot, horizontal, vertical, slant,
press down, hook, curve, and raise (McBride, 2016). All the visual features of a Chinese
character are packed in a constant and square-shaped area and differs from each other in the
numbers of strokes and in manner of construction (see Chen, 1992, for a detailed description).
This unique feature of Chinese plays a particularly important role in differentiating and
identifying a specific character among others, leading to an emphasis on visual coding
preference (Tan et al., 2001; Zhang & Schmitt, 2001; Zhou & Marslen-Wilson, 1999) and
increased for visual processing due to the complexity of the characters (Lin et al. 2012). In
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contrast, the visual complexity of printed words in the alphabetic English depends on the
numbers of letters, without significant variations in a constant area (Tsang & Chen, 2012).
This unique feature of Chinese character might explain the superior visual skills in Chinese
native speakers when compared to those who have alphabetic languages as their first
languages (Demetriou et al., 2005; McBride-Chang et al., 2011a, b, c). Moreover, there are
two basic forms of radicals in Chinese characters: while phonological radicals indicate the
sound of the character, semantic radicals indicate the meaning of the character (Zhou, 1978;
Zhu, 1988). The existence of semantic radicals is a unique characteristic that affects literacy
acquisition in Chinese Compared to alphabetic orthographies (McBride, 2016). While
phonological radicals might be comparable to larger or smaller letter units (e.g., rimes) in
alphabetic orthographies to some extent (Ziegler & Goswami 2006), there is no clear analogy
in alphabetic orthographies to semantic radicals in Chinese (Tong & McBride-Chang 2010).
As for the orientations of writing, Chinese characters are relatively flexible compared to
English script (Li, Nuttall & Zhao, 1999). The Chinese characters are nonlinear structures and
their complex construction enable the flexibility in orientations of writing: left-to-right, topto-bottom, and right-to-left. In contrast, English words are normally arranged horizontally
and written from left to right. Evidence has shown that individuals’ orientation of spatial
organisation corresponds to the orientations of their writing systems, suggesting a significant
effect of writing systems on mental rotation (Bergen & Chan, 2005). In addition, the
uniqueness and complexity of Chinese characters have resulted in the use of specific learning
strategies in relation to reading and writing (Leong, Hau, Cheng & Tan, 2005; Shu, Chen,
Anderson, Wu & Xuan, 2003). For instance, the most dominant way to learn Chinese
characters is through the intensive copying of each character (Chan et al., 2006; Tan et al.,
2005; Wu et al., 1999). The visual aspects are especially emphasised, such as the similarities
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and differences among the characters and its radicals. The meanings of characters and
radicals are focused on in order to reinforce meaningful memorisation (Lin et al. 2012).
6.1.3. Neural networks’ activations in different languages
The linguistic differences between Chinese and English have been reported to affect the
activation of brain networks in language processing. For example, Kochunov et al. (2003)
first reported that the anatomical differences between native English speakers and native
Chinese speakers were found limited to gyri in the frontal, temporal, and parietal lobes. This
study provided neural evidence to support the notion that language processing in early
infancy and nascent language abilities are shaped by native language exposure (Cheour et
al.,1998; MacNeilage & Davis, 2000; Petitto et al., 2001). Subsequent neuroimaging studies
have demonstrated different neural substrates associated with visual and auditory information
processing. In the visual processing of Chinese characters, both the left (verbal/phonological)
and right (visuospatial) hemispheres are activated, while the left hemisphere is predominantly
activated during the processing of English (Bolger et al., 2005; Tan et al., 2001; Tan et al.,
2005). In the auditory processing, Klein et al. (2001) used the positron emission tomography
(PET) to determine the neural mechanisms activated in Chinese and English speakers during
a tonal task. The results showed that Chinese speakers displayed more activation in the left
hemisphere, including the frontal, parietal, and parietal occipital regions, while English
speakers displayed more activation in the right inferior frontal cortex, which is involved in
processing pitch perception.
A significant number of studies have been conducted in speakers who have two distinct
writing scripts within one language, such as Korean (i.e., logographic Hanja vs. alphabetic
Hangul), and Japanese (i.e., logographic Kanji vs. syllabic Kana). These studies exclude the
potential influence by other variables, such as cultural factors and educational systems. For
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instance, Kim et al. (2017) compared the performance of native Korean undergraduates on an
implicit word reading task presented in Hangul and Hanja, respectively. Functions of MRI
bold singles showed differential pathways for processing information presented in the two
types of scripts. Similarly, Coderre et al. (2008) reported differential activation in the brain
regions of healthy native Japanese speakers during Stroop task presented in Japanese Kana
and Kanji. Studies with patients who revealed selective impairments on reading Hanja or
Hangul words found a double dissociation between the processing of the two different scripts
(Kwon et al., 2006). Similar findings have been reported with Japanese patients (Sakurai et
al., 2000). These studies have provided evidence of the script-specific and script-independent
regions in the brain during processing information presented in different scripts (Cho et al.,
2014; Coderre et al., 2009; Ha Duy Thuy et al., 2004; Lee, 2004; Maurer et al., 2008;
Nakamura, Dehaene, et al., 2005; Nakamura & Kouider, 2003; Nakamura, Oga, et al., 2005).
6.1.4. The current study
The cognitive consequences of linguistic differences have been well documented using
behavioural and neuroimaging methods either through cross-language comparisons (e.g.,
Chinese vs. English) or within-language comparisons (e.g., Korean Hangul vs. Hanji or
Japanese Kanji vs. Kana). The unexplored question is whether these linguistic differences
affect other cognitive domains, particularly the sub-components that involved in language
learning and control. More specific questions, for instance, how linguistic distance between
different language pairs modulates language control and executive control, and how language
script affects language learning and cognitive performance, remain unclear. To address these
questions, we conducted two experiments to examine the cognitive consequences of linguistic
differences in spoken language (i.e., linguistic distance) and written languages (i.e., language
script) between Chinese and European populations. Specifically, we firstly examined the
cognitive effects of linguistic distance in two groups of bilinguals with different language
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combinations; namely, Chinese-English and Indo-European language pairs (Experiment 1),
and then investigated the cognitive consequences of language script between Chinese and
English native speakers who were not fluent in other languages (Experiment 2). The order of
conducting the two experiments is corresponds to the order of language development, given
that the development of language in the spoken modality is earlier than that of the written
modality (Shanahan, 2006). A series of non-linguistic cognitive tasks were used to provide a
multi-dimensional measure of cognitive performance in relation to the multiple-components
involved in language learning and language control. A general cognitive measure (i.e., nonverbal intelligence) was included to ensure that our group comparisons were at a comparable
baseline in basic cognitive abilities.
Experiment 1 was set to examine the effects of linguistic distance (LD) in spoken
languages on executive functions between bilinguals, particularly the sub-components closely
associated with language control, such as domain-general cognitive ability (i.e., global RT
effect) and inhibitory control (i.e., conflict effect). Two groups of bilinguals whose native
languages (L1s) have a different linguistic distance to English (L2) were compared: the larger
LD group are those who had Chinese (i.e., Mandarin and Cantonese) as their L1s and the
smaller LD group are those who had either Germanic (e.g., Dutch and German) or Romance
languages (e.g., French and Italian) as their L1s. Following previous studies (Yang & Lust,
2007; Yang et al., 2017), we predicted that a larger linguistic distance would be associated
with greater domain-general cognitive ability and inhibitory control.
Experiment 2 was set to explore how language script affects cognitive performance in
Chinese and English native speakers, particularly the sub-components that highly correlated
with language learning, such as visual and auditory information processing, working
memory, and mental rotation. We predicted that native speakers of Chinese would perform
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better in tasks measuring visual attention and English native speakers would perform better in
tasks measuring auditory attention due to their primary information encoding preferences.
Regarding mental rotation, we predicted that native speakers of Chinese would outperform
native speakers of English due to the relatively flexible orientations of writing in logographic
Chinese. Following Hedden et al. (2002), we predicted that the two groups would show
comparable performance on working memory.
6.2. Experiment 1
6.2.1. Method
6.2.1.1. Participants
A total of 89 University of Edinburgh undergraduates took part in this study. All were
non-native English speakers with English as their main L2 by the time of testing. According
the linguistic distance between their L1s and English, participants were divided into two
groups: the smaller LD group (n = 39) and the larger LD group (n = 50).
L1s of the smaller LD group included the following: Afrikaans (1), Danish (2), Dutch
(2), French (3), Spanish (5), German (6), Italian (6), Norwegian (7), Portuguese (3),
Romanian (1) and Swedish (3). Four participants in this group grow up with two alphabetic
languages and English is their L3. L1s of the larger LD group included the following:
Cantonese (8) and Mandarin (42). Due to technical issues, three participants’ data in the
Simon task and one participant’s data in the Stroop task were excluded.
6.2.1.2. Background measures
The Raven’s Advanced Progressive Matrices (APM)
The Raven’s APM (Raven & Foulds, 1962) was administered as a measure of
nonverbal general intelligence (Costa, Hernández, Costa-Faidella & Sebastián-Gallés, 2009;
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Paap & Greenberg, 2013). Set I (i.e., Item 5 or Item 7) was adopted as practice and Set II (36
items) was adopted as experimental testing. The design of the Matrices ensures that the
demand level gradually increases with the items. Participants were introduced to complete the
matrices item by item without skipping in 10 minutes, if they were struggling with a specific
item, they could guess the answer and continue to the next one. The number of corrected
responses were coded as their APM scores.
Background Questionnaire
Participants completed a demographic and language background questionnaire. The
demographic part collected basic information, such as age, gender, and nationality.
Information of other variables that have been suggested to highly correlate with cognitive
functions were also collected, such as age of L2 acquisition (AoA; Pliatsikas et al., 2017),
socioeconomic status (SES; Blom, Küntay, Messer, Verhagen & Leseman, 2014), musical
experience (Janus et al., 2016), and video-gaming experience (Dye, Green & Bavelier, 2009).
Self-reported language proficiency was rated a using 4-point scale (i.e., 1 - 4, marked from
“poor” to “excellent”), participants rated their speaking, understanding, reading, and writing
skills in every language they had learnt.
6.2.1.3. Experimental Tasks
Five non-linguistic cognitive tasks (i.e., Attention Network Task-ANT, Number Stroop
task, Simon task, Elevator subtests of the Test of Everyday Attention, and Corsi Tapping
task) were employed to measure different aspects of executive functions. In the computerised
tasks (i.e., ANT, Stroop, and Simon tasks), all stimuli were presented on E-Prime (version
2.0) on a 17-inch computer screen. A schematic representation of each task is depicted in
Figure 6.1.
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Figure 6.1 - Schematic representation of the computerised tasks procedure: a) Attention
Network Task-ANT; b) Number Stroop task; c) Simon task

Attention Network Task (ANT)
This task is a well-established assessment of attentional capacities (i.e., alerting,
orienting, and inhibition) (Fan, McCandliss, Sommer, Raz & Posner, 2002).We used this task
to investigate how linguistic distance affects these visual attentional capacities. Participants
were instructed to respond to the central arrow of the five horizontal arrows presented in the
middle of the screen either below or above a fixation cross. They were required to respond
(by pressing the mouse “left” and “right”) as quickly and accurately as possible with their
dominant hand. There were three types of trials: congruent, neutral, incongruent, and four
cueing conditions: single, double, centre and no cue. These cues provided information about
the location of the arrows (i.e., single cue), the occurrence of the arrows (i.e., double and
centre cue), or no information (i.e., no cue). Three attentional indices were obtained
calculating the difference in RTs / accuracy rate between the following trials: ANT conflict
(congruent vs. incongruent trials); ANT alerting (double-cue vs. no-cue trials); ANT orienting
(centre-cue vs. single-cue trials). Participants started with a practice block consisting of 24
trials and followed by three experimental blocks of 96 trials each. All stimuli were presented
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randomly at an equal number of times in each block. Feedback on performance was only
provided in the practice block.
Number Stroop Task
A numerical version of the Stroop task was adapted from Hernández, Costa, Fuentes,
Vivas, and Sebastián-Gallés (2010) to avoid any linguistic influence. This task is a welldocument assessment of visual attentional abilities (i.e., facilitation, interference, and
inhibition). Participants were asked to count digits or symbols presented on the centre of the
screen by pressing the keys 1, 2, or 3 on the keyboard while ignoring the numerical value of
the digits. There were three experimental conditions: congruent condition (e.g., 22),
incongruent condition (e.g., 222), and control condition (e.g., **). Three attentional indices
was assessed by the RTs/ accuracy differences: Stroop effect (incongruent vs. congruent
trials), Interference effect (incongruent vs. control trials), and Facilitation effect (control vs.
congruent trials). Participants were given a practice block with 18 trials which were followed
by two experimental blocks of 90 trials each. Feedback on performance was only provided in
the practice block.
Simon Task
In this Arrow Simon task, there was one arrow that appeared on the screen at one of
four possible locations of the screen (left, right, up, or down), pointing at one of four possible
directions (left, right, up, or down). Participants were instructed to respond to the direction of
the arrow by pressing the corresponding arrow buttons on the keyboard. There were three
types of trials: baseline, congruent, and incongruent. Executive functioning was assessed by
computing the RTs/ accuracy differences between incongruent and congruent trials (Simon
Effect; Simon & Rudell, 1967). Participants started with a practice block consisting of 10
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trials followed by three experimental blocks of 60 trials each in the order of baseline block,
congruent block, and incongruent block.
Test of Everyday Attention (TEA)
The TEA (Robertson et al., 1994) is a well-established clinical assessment of attention.
Previous studies in bilingualism have suggested that participants’ performance on the subtest
of Elevator with Counting was at ceiling level (Bak, Long, Vega-Mendoza & Sorace, 2016;
Bak, Vega-Mendoza & Sorace, 2014; Long, Vega-mendoza, Rohde & Sorace, 2019; VegaMendoza, West, Sorace & Bak, 2015). Therefore, the other two subtests of Elevator Task
were selected to explore how linguistic distance affects the auditory attentional performance.
a) Elevator with Distraction (ED: 10 trials): this task assesses auditory selective
attention/inhibition. Participants were asked to count low tones while ignoring
interspersed high tones.
b) Elevator with Reversal (ER: 10 trials): this task assesses auditory attentional switching
(auditory-verbal working memory). Participants were presented with high, middle, and
low tones. The middle tones were to be counted while the high and low tones indicated
the counting direction (upwards and downwards, respectively).
Corsi Tapping Task (CTT)
This task was adapted from the Wechsler Memory Scale-III (WMS-III, Wechsler,
1997), which was established as a measure of working memory (forward and backward
conditions) (Bialystok, Craik & Luk, 2008). It was presented on a plastic whiteboard (27.5
cm × 21cm) with ten blue cube-shaped numbered blocks (3 cm × 3 cm; from 1 to 10). During
the testing, the board was placed between the experimenter and the participant, and the
numbers were only visible to the experimenter. This task began with the simple forward
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condition and ended with the difficult rotated condition. In the forward and backward
conditions, the experimenter tapped on blocks sequences at a rate of approximately one
second per block, with sequences varying in length from two to nine blocks. Participants
reproduced the sequences in their original order (began with two two-block sequences) in the
forward condition and reversed the order in the backward condition. The tasks would stop
when participants made errors on both sequences at a given length (e.g., six-block
sequences).
An adapted Corsi blocks paradigm from Keehner and Gathercole (2007) was included
as an assessment of mental rotation. In the rotated condition, there were two identical
whiteboards, with numbers facing the experimenter only and one of the boards was rotated
for 180° from the other one. The experimenter tapped on the blocks in a predetermined
sequence, and the participants had to reproduce the sequences with the same blocks and the
same order on the rotated board. The sequences varied in length from one to five blocks. The
task would stop when the participants made errors on all six sequences at a given length. This
task started with four one-block trials practice, and there were no practice trials in the forward
and backward conditions. As for scoring, participants got one point for each correctly-tapping
trial, and results were scored as the percentage of accuracy.
6.2.1.4. Statistical analyses
All analyses were conducted by fitting models from the lme4 packages (Bates, Mächler,
Bolker& Walker, 2014) in R (Version 3.6.1, The R Foundation for Statistical Computing,
2019).
In the initial analysis, background measures with continuous variables were tested with
the Shapiro-Wilk test for their normality. Normally distributed variables (e.g., the APM) were
analysed using ANOVA, non-normally distributed variables were using the Kruskal-Wallis
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test, and other experience measures with a nominal scale (e.g., gender) were using the chisquared test. The factors that indicated group differences were added to models in the main
analyses.
In the main analyses, mixed effect models were employed. Before data analyses,
following Ooi et al. (2018), we excluded the trials for which RTs were outside of 3-SD of
each participant mean across all trial types and RTs associated with incorrect responses. In
RT analyses, linear mixed-effect models were conducted, with RT as a dependent variable,
Group (i.e., larger vs. smaller LD), and Trial Type (e.g., congruent vs. incongruent in the
model for Conflict effect) as fixed variables, and participants and items as random variables
(i.e., including random intercepts for each participant and item). The Trial Type was varied
according to the effects of interest; thus, there were four models in both the ANT (overall
performance, Conflict, Alerting, and Orienting) and the Stroop (overall performance,
Conflict, Interference, and Facilitation), and two models in the Simon (overall performance
and Simon effect). Fixed variables (Group and Trail Type) were allowed to interact with each
other in a single model. For reason of relevance to the research questions, background
measures were added into the model without interaction with the other fixed variables. We
checked the model by adding slopes or not to select the best-fitted models (Baayen, Davidson
& Bates, 2008). The results showed that only adding a slope for each participant (e.g., for the
random effects in the mixed effect models: (1+ TrialType | Subject)+ (1 |Item)) provided the
best model fit. Since the accuracy rate were fairly high (i.e., ANT: 98.10%; Stroop: 94.39%;
Simon: 96.32%) and the two groups showed comparable performance (all ps > .05), they
were not analysed here.

125

As to the TEA and Corsi Tapping task, the accuracy rate was obtained based on the
number of correct responses. Linear regression models were used with the accuracy rate as a
dependent variable, and the Group as a fixed variable.
6.2.2. Results
6.2.2.1. Initial analyses
There were no group differences on the APM (i.e., non-verbal intelligence), SES, AoA,
gender distribution, musical experience, video-gaming experience, and length of English
immersion (all ps > .05). A group difference was found for age (p < .001) and L2 proficiency
(overall proficiency, speaking, understanding, reading, and writing) (all ps < .05) (see Table
6.1). Both age and L2 proficiency were put into the models as fixed variables, indicating that
the main effects of Group and Trial Type were interpreted as controlling for the effects of
these background measures.
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Table 6.1 - Participants’ demographic information and self-reported language proficiency.
SDs are given in parentheses.
N/ female
Age in years
SES indexed by Parents’ Education i
IQ indexed by Raven’s APM scores ii
Age of L2 Acquisition in years
Self-rated L2 proficiency iii
Speaking
Understanding
Reading
Writing
Overall
Length of English Immersion in months iv
Musical Experience %
Video-Gaming Experience %

Smaller LD group
39 / 33
19.95 (2.03)
3.85 (0.73)
17.69 (5.17)
6.74 (3.0)

Larger LD group
50 / 43
18.7 (0.89) *
3.92 (0.71)
19.64 (3.35)
5.92 (2.45)

3.59 (0.64)
3.85 (0.37)
3.79 (0.47)
3.58 (0.68)
14.82 (1.76)
19.95 (31.22)
64.10%
58.98%

3.02 (0.71) *
3.32 (0.65) *
3.22 (0.68) *
2.74 (0.75) *
12.3 (2.32)*
19.59 (23.41)
78%
70%

i

Averaged score based on parental education level. The scale ranged from 1: primary school, 2: O
level or equivalent to, 3: A level, 4: Bachelor’s or equivalent to, 5: postgraduate, 6: Ph.D.
ii
APM scores were the number of corrected items (the total number was 36)
iii
The scale is 1-4, marked by “poor” to “native/near native”
iv
This is the length of participants’ immersion time in an English speaking country
*
The difference between the two groups was statistically significant

6.2.2.2. Main analyses
ANT
A total of 2.27 % trials were excluded. Overall performance (i.e., RTs and accuracy rate)
is illustrated in Figure 6.2. Mean RTs on the respective trial types are given in Table 6.2.
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Figure 6.2 - Overall performance (i.e., accuracy rate and reaction time) on the three RT-based
cognitive tasks (i.e., ANT, Stroop, and Simon) for large and small linguistic
distance (LD) groups, collapsed across trial types. Error bars represent ±1SE
Table 6.2 - Indices of the computerised tasks by group. SDs are given in parentheses.
ANT
congruent
incongruent
Conflict
double
no
Alerting
single
centre
Orienting
Stroop task
Congruent
Incongruent
Stroop Effect
Simon task
congruent
incongruent
Simon Effect

Smaller LD group

Larger LD group

443 (58)
525 (61)
82 (21)
464 (55
505 (65)
41 (24)
438 (55)
472 (59)
34 (20)

424 (45)
499 (53)
76 (16)
440 (48)
483 (53)
43 (22)
420 (45)
445 (47)
25 (15)

547 (85)
633 (93)
86 (31)

513 (67)
585 (84)
73 (32)

395 (58)
544 (187)
148 (149)

360 (45)
468 (68)
108 (52)

Note: Conflict: congruent vs. incongruent; Alerting: double-cue vs. no-cue;
Orienting: single-cue vs. centre-cue; Stroop effect: Congruent vs. Incongruent;
Simon effect: congruent vs. incongruent
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Overall performance
The larger LD group showed faster overall response than the smaller LD group did (Est
= 29.398, t = 2.161, p = .034).
Alerting Effect
The Alerting effect was significant (Est = 41.34, t = 2.58, p = .017), indicating faster
responses on double-cue trials than on no-cue trials. The main effect of Group was not
significant (Est = 22.56, t = 1.96, p = .05), nor was the interaction between Group and
Alerting effect (Est = -2.64, t = -.54, p = .59).
Orienting Effect
The Orienting effect was not significant (Est = 30.74, t = 1.78, p = .089). The main
effect of Group was significant (Est = 23.11, t = 2.13, p = .036): the larger LD group showed
faster responses than the smaller LD group did. The interaction between Group and Orienting
effect was significant (Est = 9.22, t = 2.45, p = .016): larger Orienting effect in the smaller
LD group than the larger LD group. Further analysis showed that the two groups had similar
response time on single-cue trials (β = 18.50, t = 1.72, p = .09), but the larger LD group
responded significantly faster on centre-cue trials than the smaller LD group did (β = 27.73, t
= 2.47, p = .016), thus leading to a smaller orienting effect.
Conflict Effect
There were main effects of Conflict effect (Est = 78.88, t = 8.61, p < .001), indicating
faster responses on the congruent trials than on incongruent trials. The main effect of Group
was significant (Est = 22.81, t = 1.99, p = .049): the larger LD group showed faster responses
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than the smaller LD group did. The interaction between Conflict effect and Group was not
significant (Est = 6.50, t = 1.60, p = .11) (see Figure 6.3).

Figure 6.3 - Overall RTs (ms) for large and small linguistic distance (LD) groups on
congruent and incongruent conditions across three RT-based cognitive tasks (i.e.,
ANT, Stroop, and Simon). Error bars represent ±1SE.

Number Stroop task
A total of 5.65% trials were excluded. Overall performance is illustrated in Figure 6.2.
Mean RTs on the respective trial types are given in Table 6.2.
Overall performance
The larger LD group showed faster overall response than the smaller LD group did (Est
= 46.91, t = 2.26, p = .027).
Stroop effect
The main effect of Stroop effect was significant (Est = 80.17, t = 5.11, p = .001),
indicating faster responses on congruent trials than on incongruent trials. The main effect of
Group was significant (Est = 41.28, t = 2.36, p = .021): the larger LD group showed faster
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responses than the smaller LD group did. The interaction between Group and Stroop effect
was nearly significant (Est = 13.39, t = 1.98, p = .051): the smaller LD group tended to show
a larger Stroop effect than the larger LD group did (see Figure 6.3).
Simon Task
A total of 4.75% trials were excluded. Overall performance is illustrated in Figure 6.2.
Mean RTs on the respective trial types are given in Table 6.2.
Overall performance
The larger LD group showed overall faster response than the smaller LD group did (Est
= 47.66, t = 2.42, p = .018).

Simon effect
The Simon effect was significant (Est = 128.13, t = 7.02, p < .001), indicating faster
responses on congruent trials than on incongruent trials. The main effect of Group was
significant (Est = 55.39, t = 2.91, p = .005): the larger LD group showed overall faster
response than the smaller LD group did. Their interaction was not significant (Est = 40.07, t =
1.72, p = .090) (see Figure 6.3).
TEA
After controlling for age and L2 proficiency, a group difference was found on ED (β =
-16.23 [-28.42, -4.04], t = -2.65, p = .010), indicating better auditory inhibition in the larger
LD group than the smaller LD group (see Figure 6.4). No group difference was found on ER
(β = -5.16 [-18.07, 7.76], t = -0.79, p = .429). Neither age nor L2 proficiency was significant
predictor to performance in the respective TEA subtests.
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Figure 6.4 - Performance on respective subtest of the TEA for large and small linguistic
distance (LD) groups. The ED and ER were to assess auditory inhibition and
attentional switching, respectively. Error bars represent ±1SE.
Corsi Tapping Task
After controlling for age and L2 proficiency, there was no group difference in the
forward (β = -2.77 [-8.2, 2.67], t = -1.01, p = .314) or backward conditions (β = 0.39 [-4.94,
5.72], t = 0.15, p = .884), indicating comparable working memory in the two groups. A group
difference was found in the rotated condition (β = -6.23 [-12.32, -0.14], t = -2.03, p = .045),
indicating better mental rotation in the larger LD group (see Figure 6.5).

Figure 6.5 - Performance on respective conditions of the Corsi Tapping task for large and
small linguistic distance (LD) groups. Working memory was assessed in the
forward and backward conditions, and mental rotation was assessed in the rotated
condition. Error bars represent ±1SE.
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6.2.3. Discussion
Experiment 1 focused on the effects of linguistic distance in spoken languages on
executive control in bilinguals, particularly domain-general cognitive control (i.e., the global
effect) and inhibitory control (i.e., conflict effect in the ANT, Stroop effect, and Simon
effect). The results showed that a larger linguistic distance predicted greater executive
control. Specifically, the bilinguals with a larger LD showed consistently faster overall
responses on all the three RT-based non-linguistic cognitive tasks in comparison to bilinguals
with a smaller LD, indicating better domain-general cognitive control. Moreover, a larger
linguistic distance was associated with better inhibitory control in both visual and auditory
domains, although the group differences in the Stroop task did not reach statistical
significance level ( p = .051). In the working memory domain, the results were consistent
with previous study (Hedden et al., 2002) that both groups showed comparable performance.
As to mental rotation, the larger LD group outperformed the smaller LD group. Taken
together, results suggest a significant cognitive effect of linguistic distance: a larger linguistic
distance associated with better executive control.
6.3. Experiment 2
6.3.1. Method
6.3.1.1. Participant
Sixty English native speakers and 61 Chinese native speakers were recruited from the
UK and China, respectively. Second language learning is a global communicative practice
(Kramsch & Thorne, 2002) and the contemporary Chinese and English education system
have introduced second learning in either primary or second education. Hence, all of our
participants had learned at least one foreign language, which was limited to classroom
learning. Other languages that the English group had learned were mainly alphabetic
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languages, including French (48), German (26), Spanish (22), Italian (5), Latin (6),
Norwegian (2), Danish (2), Swedish (1), Irish (1), and Portuguese (1). In addition to the Latin
alphabet, other language systems included Ancient Greek (1), Arabic (1), Hebrew (1), Urdu
(1), Japanese (2), Tibetan (1), and Mandarin (3). The average AoA for alphabetic language
and other languages were 13.83 and 16.5 years old, respectively and their overall self-report
L2 proficiency were 5.56 and 5.51 (composited scores on four sub-categories of language;
language scale: 1- 4 ), respectively. The L2 of Chinese group was English, and six
participants learned Japanese, one participant learned Korean, and one participant learned
German in addition to English. The average AoA was 9.81 years old and their overall selfreport L2 proficiency was 6.52. All participants claimed themselves as “monolinguals” and
could not hold a conversation in any other languages than their mother tongue.
6.3.1.2. Background measures and statistical analyses
It was the same as Experiment 1.
6.3.1.3. Experimental Tasks
The tasks and procedure were the same as Experiment 1, except that we excluded the
Simon task due to the length of testing session.
6.3.2. Results
6.3.2.1. Initial analyses
The scores on the APM did not differ between the two groups ( p = .172), indicating
comparable basic cognitive functions (i.e., non-verbal intelligence). Group differences were
found for age, SES, gender distribution, musical experience, video-gaming experience (all ps
< .05) (Table 6.3). Therefore, these factors were put into the models as fixed variables,
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indicating that the main effects of Group and Trial Type, and their interaction effects were
interpreted as controlling for the effects of these background measures.
Table 6.3 - Participants’ demographic information. SDs are given in parentheses.
English

Chinese

N / female%

60 / 71.67%

61 / 42.62% *

Age in years

21.40 (3.06)

18.75 (1.29) *

IQ indexed by Raven’s APM scores i

16.45 (4.64)

15.43 (3.47)

SES indexed by Parents’ Education ii

3.74 (0.64)

2.48 (0.72) *

Musical Experience %

76.67%

14.75% *

Video-gaming Experience %

63.33%

83.61% *

i

APM scores were the number of correct items (the total number is 36)
Averaged score based on parental education level. The scale ranged from 1: primary school, 2: O
level or equivalent to, 3: A level, 4: Bachelor’s or equivalent to 5: postgraduate
*
The difference between the groups was statistically significant
ii

6.3.2.2. Main analyses
ANT
A total of 3.53% trials were excluded. Overall performance (i.e., RTs and accuracy
rate) is illustrated in Figure 6.6. Mean RTs on the respective trial types are given in Table 6.4.

Figure 6.6 - Overall performance (i.e., accuracy rate and reaction time) on the two RT-based
cognitive tasks (i.e., ANT and Stroop) for English and Chinese native speakers,
collapsed across trial types. Error bars represent ±1SE.
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Table 6.4 - ANT indices by language group. SDs are given in parentheses.
English

Chinese

Double-cue
No-cue
Alerting effect
Single-cue
Centre-cue

485 (56)
519 (58)
34 (18)
454 (56)
490 (60)

520 (58)
560 (63)
40 (22)
488 (57)
531 (61)

Orienting effect
Congruent
Incongruent
Conflict effect

36 (20)
458 (57)
558 (73)
100 (38)

44 (19)
494 (58)
592 (63)
98 (26)

Overall performance
Both groups showed similar overall RTs (Est = 18.16, t = 1.01, p = .31). Participants
with video-gaming experience showed faster overall responses (p = .03). No other significant
fixed effects were found.
Conflict effect
The Conflict effect was significant (Est = 100.66, t = 9.18, p < .001), with faster
responses on congruent trials than on incongruent trials. The main effect of Group was not
significant (Est = 17.07, t = .92, p = .36), nor was the interaction between Group and Conflict
effect (Est = .03, t = .005, p = .99). The main effect of video-gaming experience was
significant: participants with video-gaming experience showed faster overall responses (p =
.03).
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Alerting Effect
The Alerting effect was not significant, nor was the Group, or their interaction (all ps >
.05). The main effect of video-gaming experience was significant: participants with videogaming experience showed faster overall responses (p = .0499).
Orienting effect
The Orienting effect was not significant (Est = 41.49, t = 1.95, p = .06), nor was the
main effect of Language (Est = 19.17, t = 1.08, p = .28). Their interaction was significant (Est
= 8.08, t = 2.312, p = .02): Chinese-speakers displayed a larger orienting effect than Englishspeakers did (Figure 6.7). The main effects of video-gaming and musical experience were
significant: participants with either video-gaming experience or musical experience showed
faster responses ( p = .02 and p = .03, respectively).

Figure 6.7 - Performance on the visual attention (left) and auditory attention (right) for
English and Chinese native speakers. Error bars resented ±1SE.
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Number Stroop
A total of 5.80% trials were excluded. Overall performance is illustrated in Figure 6.3.
Mean RTs on the respective trial types are given in Table 6.5.
Table 6.5 - Stroop indices by language group. SDs are given in parentheses.
English

Chinese

Congruent

494 (82)

541 (64)

Control

514 (77)

571 (68)

Incongruent

559 (100)

616 (79)

Facilitation

20 (21)

29 (18)

Interference

45 (37)

45 (31)

Stroop

65 (34)

75 (34)

Note: Facilitation effect: control vs. congruent; Interference effect: incongruent vs. control;
Stroop effect: incongruent vs. congruent

Overall performance
There was no group difference on overall performance (Est = 33.37, t = 1.34, p = .18).
The background measures did not significantly predicted the response time (all ps > .05).
Stroop effect
The Stroop effect was significant (Est = 72.48, t = 3.68, p = .007), with faster responses
on congruent trials than on incongruent trials. No other fixed effects or interactions were
significant (all ps > .05).
Interference effect
No fixed effects or interactions were significant (all ps > .05).
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Facilitation effect
The Facilitation effect was not significant (Est = 25.45, t = 2.10, p = .10), nor was the
main effect of Language (Est = 33.97, t = 1.45, p = .14). Their interaction was significant (Est
= 9.88, t = 2.75, p = .006): Chinese-speakers showed a larger facilitation effect than Englishspeakers did (Figure 6.7).
TEA
In the ED, no group difference was found [β = 12.29 [-4.39, 28.97], t = 1.46, p = .147],
indicating comparable performance in selective attention/inhibition in the two groups. The
male participants showed better performance than the female participants did [β = 11.98
[1.04, 22.92], t = 2.17, p = .032]. In the ER, English-speakers outperformed Chinese-speakers
[β = 17.56 [0.73, 34.38], t = 2.07, p = .041], indicating better attentional switching in Englishmonolingual participants. Participants with musical experience displayed better ability in
attentional switching [β = 17.87 [5.17, 30.56], t = 2.79, p = .006] (see Figure 6.7). No other
fixed effects were significant (all ps > .05).
Cori Taping task
No group differences were found in the forward condition [β = 0.85 [-5.48, 7.18], t =
.27, p = .790] or the backward condition [β = -5.44 [-12.26, 1.37], t = -1.58, p = .116],
indicating comparable working memory in the two groups. In the rotated condition, Chinesespeakers performed better than English-speakers did [β = -9.18 [-17.68, -0.68], t = -2.14, p =
.034](see Figure 6.8). Participants with video-gaming experience showed better performance
in working memory (i.e., forward and backward conditions) and mental rotation (i.e., rotated
condition) (all ps < .05).
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Figure 6.8 - Performance on respective conditions of the Corsi Tapping task for Chinese and
English native speakers. Working memory was assessed in the forward and
backward conditions, and mental rotation was assessed in the rotated condition.
Error bars represent ±1SE.
6.3.3. Discussion
Experiment 2 investigated the differences on language scripts in written languages
between Chinese and English native speakers and their impact on cognitive performance,
particularly those highly correlated with language learning, such as visual and auditory
attention, working memory, and mental rotation. We predicted that Chinese native speakers
would perform better in the visual domain and mental rotation, and English native speakers
would perform better in the auditory domain, with comparable performance in working
memory. The results confirmed our predictions, suggesting that Chinese native speakers
outperformed English native speakers in visual attention; namely, orienting in the ANT and
facilitation in the Stroop task, while English native speakers showed superior performance in
relation to auditory attention; namely, attentional switching in the TEA. In addition, both
groups showed comparable performance in working memory, but Chinese native speakers
outperformed English native speakers in mental rotation in the CTT. Taken together, these
findings suggest specific cognitive effects of language scripts.
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6.4. General Discussion
Given the high numbers of Chinese and European students study in the UK and large
proportion of Chinese and English speakers across the world, the comparisons between
Chinese and European populations conducted in the current study are relevant. The first
experiment compared two groups of international students at an English university coming
from China and other European countries, respectively. The second experiment compared
two groups of local students in a Chinese and an English university, respectively. In
Experiment 1, we found that Chinese-English students outperformed their matched European
counterparts in different aspects of executive functions; namely, domain-general cognitive
control, inhibitory control, and mental rotation. In Experiment 2, we found that Chinesenative speaker students performed better on visual attention and mental rotation, while
English-native speaker students showed superior performance on auditory attention. We
proposed that the observed group differences on cognitive performance might be a large
extend due to the linguistic differences (i.e., linguistic distance and language script) between
Chinese and the European languages, although the interaction with other factors, such as
cultural differences and education systems, remains to be further studied. The existing
evidence with respect to the cognitive effects of linguistic distance and language script is
limited and mixed. This study aimed to fill the literature gap and these findings can shed light
on between linguistic differences and executive functions to gain a better understanding of
language learning and control from a cognitive perspective.
Specifically, Experiment 1 found that Chinese-English bilinguals when compared to
bilinguals with Indo-European language pairs showed faster responses in all the three-RT
based visual tasks and smaller conflict effects in in both the visual and auditory tasks. The
findings reveal that a larger linguistic distance predicts greater better executive control,
particularly the sub-components that are highly related to language control in bilinguals;
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namely, general-domain executive control and inhibitory control. In Experiment 2, native
Chinese speakers showed superior performance in visual attention tasks (i.e., orienting in the
ANT and facilitation in the Stroop task), while native English speakers obtained better
performance in the auditory attention tasks (i.e., attentional switching in ER subtest of TEA).
The results suggest that different language scripts could have specific effects on cognitive
performance, particularly the aspects that are closely associated with language learning;
namely, visual and auditory attention, and mental rotation. Consistent findings between
Experiments 1 and 2 were found with respect to working memory and mental rotation: both
groups showed comparable performance in working memory, but individuals have
logographic Chinese as L1 obtained greater mental rotation than those have alphabetic
languages as L1s. Taken together, these findings suggest different effects of linguistic
distance and language scripts on specific executive functions.
Regarding working memory, the findings suggest comparable performance among
participants in the current study, which is consistent with a prior study that used the same task
(Hedden et al., 2002). In contrast, Amer, Ngo, and Hasher (2017) reported that East Asians
(i.e., Chinese, Japanese, and Korean) outperformed Western descents (i.e., native English
speakers) when they completed a computerized version of Corsi Block spatial memory tasks.
While participants in the study conducted by Amer et al. (2017) obtained an average accuracy
rate of over 80%, all participants in the current study obtained an average accuracy rate of
less than 55% and 50% in the forward and backward condition, respectively. This difference
on accuracy rate could be due to the different testing paradigms: the tasks were presented on
boards in the current study, while the tasks were computerized in the study of Amer et al.
(2017). In terms of mental rotation, the results confirmed previous studies that writing
systems could affect the representation of spatial cognition (i.e., spatial memory, spatial
conception, and spatial coordinate system) (Bergen & Chen, 2005; Levinson, 1996; Li,
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Nuttall & Zhao; 1999; Li & O’Boyle, 2011; Tavassoli, 2002). Logographic script is more
flexible in its writing orientations (i.e., left-to-right, top-to-bottom, and right-to-left) than that
of alphabetic script (i.e., left-to-right). Moreover, the intensive training experience of learning
Chinese via copying a given character (Chan et al. 2006; Tan et al.,2005; Wu et al., 1999)
could reinforce this flexibility, leading to enhancement in mental rotation for individuals who
have logographic language as their native language.
In the visual domain, consistent superior performance was found in Chinese native
speakers (i.e., orienting and facilitation) and Chinese-English bilinguals (e.g., overall RT
responses and inhibitory control). These findings are consistent with previous studies
(Demetriou et al., 2005; McBride-Chang et al., 2011a, b, c), where Chinese speakers show an
advantage in visual attentional processing, which could be due to the complexity of
visuospatial configuration in Chinese characters. In addition, linguistic distance plays a
significant modulating role in bilinguals’ language acquisition and control and, in turn,
affects executive control. Specifically, a larger linguistic distance might require additional
cognitive control when learning and managing the two distant languages, leading to a greater
enhancement in executive control, such as domain-general cognitive control and inhibitory
control. Our results are consistent with previous findings (Bialystok et al., 2005; Yang &
Lust, 2007; Yang et al., 2017; Tao et al., 2015), which were in line with both the Bilingual
Inhibitory Control Advantage (BICA) hypothesis and the Bilingual Executive Processing
Advantage (BEPA) hypothesis (Hilchey & Klein, 2011).
In contrast to previous studies (Yang & Lust, 2007; Yang et al., 2017), in which a
larger linguistic distance predicted better performance on global RTs and conflict effects in
the ANT. In Experiment 2, we did not observe a group difference in conflict effect using the
same ANT. This could be due to the fact that the ANT is less demanding for our participants,
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leading to ceiling performance. Bilingual participants in the current study obtained higher
accuracy rate and faster overall RTs (M accuracy = 98.10%, M RTs = 456.4ms) than that of
bilingual participants (M accuracy = 96.58% , M RTs = 521ms) in studies by Yang et al., (2017).
Group differences are rarely observed in tasks with relatively low demands (Yang & Yang,
2017; Costa et al., 2009; Bialystok, 2006), which could be due to the ceiling effects
(Macnamara & Conway, 2014), or the non-activation of cognitive control (Qu et al., 2016).
There are significantly higher error rate and longer mean RTs in the Stroop task (M accuracy =
94.39%, M RTs = 561.4ms) than the ANT and Simon task (M accuracy = 96.32%, M RTs =
427.7ms). This could explain why the group difference in inhibitory control is more likely to
emerge in the relatively demanding Stroop task, but not in the ANT and Simon task.
In the auditory domain, the English native speakers outperformed Chinese native
speakers in auditory attentional switching in the ER subtest, but Chinese-English bilinguals
with a larger linguistic distance outperformed their peers in auditory inhibition in the ED
subtest. The processing of alphabetic scripts has shown tendency to rely on auditory
information and are represented in the mind primarily in a phonological code (Baddeley,
1981; Hung & Tzeng, 1981; McCusker et al., 1981; Rubenstein et al., 1971), which could
lead to more efficiency and greater sensitivity in processing auditory information. Compared
to the ED, the ER subtest is relatively complicated: inhibiting low and high tones from
counting while efficiently disengaging inhibition, monitoring the counting directions, and
refocusing attention upon the middle tone. Thus, this task involves multiple cognitive
processes, such as selective inhibition, cue detection, attention disengagement and
engagement (Long et al., 2019). This could explain why the Chinese-English group
difference in the auditory domain was limited to the ER but not the ED. However, in the case
of bilinguals, linguistic distance has significant modulating effect on auditory performance,
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particularly in inhibitory control. Consistent with results found in the visual domain, these
findings suggest that a larger linguistic distance predicts better auditory inhibitory control.
According to the Bilingual Interactive Activation model (BIA+) (Dijkstra & Van
Heuven, 2002), two linguistically closer languages have a high degree of overlap when they
share a high number of orthographic neighbours and homographs. Theoretically, greater
conflict would be predicted to be evoked in handling two linguistically similar languages
(e.g., Mandarin and Cantonese or Spanish and Catalan), because it would be more difficult to
keep them separated as compared to two linguistically distant languages. From this point of
view, bilinguals with a smaller LD, as compared to those with a large LD, would require
more cognitive control (e.g., inhibitory control) when selecting the target language while
inhibiting the non-target language. Moreover, much evidence has shown that high level of
language proficiency predicts better cognitive performance, such as inhibitory control (Khare,
Verma, Kar, Srinivasan & Brysbaert, 2013; Mishra et al., 2012; Singh and Mishra, 2015). In
the current study, our bilinguals with a smaller LD had a higher self-reported English
proficiency than their peers did and they were predicted to show greater inhibitory control.
Our results, however, display a different pattern, such that Chinese-English bilinguals (i.e.,
smaller LD) outperformed their counterparts (i.e., larger LD) in terms of domain-general
executive control and inhibitory control.
There are positive relationships between language immersion and cognitive abilities,
such as attentional/executive control (Nicolay & Poncelet, 2013, 2015), intelligence
(Woumans, Surmont, Struys& Duyck, 2016), and verbal working memory (Kaushanskaya,
Gross & Buac, 2014). These relationships, however, are highly correlated to the L2
proficiency level and length of immersion (Bialystok & Barac, 2012). Linck et al. (2008)
found better inhibitory control in Japanese-English bilinguals than Spanish-English

145

bilinguals, but this difference was only limited to the L2-dominant context. All bilinguals in
Experiment 1 were in the L2-dominant environment and their lengths of English immersion
were similar by the testing time. One possible reason for the observed group differences in
the current study could be that our bilinguals benefited from the L2-dominant linguistic
environment to different degrees of extent. Specifically, according to the Adaptive Control
Hypothesis (Green & Abutalebi, 2013), bilinguals might require more interference control in
a single language context. As a result, both groups would gained enhancement in terms of
inhibitory control through language immersion but to different extents. Costa and Santesteban
(2004) found that the inhibition is greater when inhibiting the dominant L1 than when
inhibiting the less-dominant L2. It could be possible that our Chinese-English bilinguals with
lower L2 proficiency benefited greater inhibitory control when inhibiting their dominant L1
in the L2-immersion environment than their peers with higher L2 proficiency. Alternative
reason could be the that L2 learners required more cognitive resources when learning a
linguistically distant language than when learning a linguistically similar language. The
supply-demand cognitive plasticity framework (Schroeder & Marian, 2017) assumes that
improvements in the cognitive process are manifested when a person is repeatedly and
constantly faced with a challenging task related to cognitive functions. In the case of
bilingualism, bilinguals are in an on-going consistent situation that places demands on certain
aspects of cognition, and this experience results in enhancements in executive functions.
From this point of view, a larger linguistic distance might predict better executive control.
For specific reasons behind these differences, more studies are required to focus on how
linguistic distance modulate cognitive control in bilinguals, particularly in terms of inhibitory
control.
This study compared Chinese with European languages, which cannot rule out the
potential influence of other factors that are highly correlated with language learning, such as
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cultural differences and education systems. However, it is impossible to examine the
cognitive effects of linguistic distance and language scripts whilst excluding all the potential
confounding variables. Moreover, a growing body of evidence has suggested cognitive
effects associated with bilingualism and language script that are separated from other
confounding variables (Kim et al., 2017; Yang, Yang & Lust, 2011; Tan et al., 2005).
Therefore, the interpretation of the current study as the linguistic differences (i.e., linguistic
distance and language script) between Chinese and the European languages is more likely
reliable and reasonable.
It might be argued that the bilinguals with a smaller LD are more heterogenous than
Chinese-English bilinguals in terms of education systems and cultural differences. Our
designated groups were similar to a study by Bialystok and Viswanathan (2009), in which the
bilingual Canadian group (mixed cultural backgrounds; mixed-language combinations) was
compared to bilingual Indian group (South Asian culture; either Tamil or Telugu as first
languages). They suggested that the effects of bilingualism were deeper and more powerful at
the cognitive level than any impact of cultural factors (e.g., language of schooling).
Moreover, the mixed-language combinations in bilinguals can rule out language-specific
effects and isolate the observed potential differences in actual bilingual experience in relation
to different linguistic distances. However, the cultural factors, education systems, and
linguistic differences are interacting with each other and they might have independent or
interacting effects on cognitive processing. Culture is a multi-dimensional and broaden
concept, which requires further investigations with focuses on more specific aspects, such as
the language of schooling, language characteristics (Barac & Bialystok, 2012), educational
practices, and parental practices (Lewis et al., 2009; Parmar, Harkness & Super, 2004).
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In conclusion, the experience of different languages has shown significant effects on
different sub-components of executive functions in relation to the multiple-components
involved in language learning and language control. This study suggests that the linguistic
differences between different languages (both in spoken and written modalities) extend from
the linguistic domain to other cognitive domains. The results demonstrate that linguistic
differences between Chinese and European languages (i.e., linguistic distance and language
script) play important modifying roles in individuals’ language acquisition and control and, in
turn, affect executive control. From a developmental perspective, a language being learned in
early infancy and then used extensively throughout childhood leads to differential brain
developments in the areas that are recruited in language processing. The extensive and
continuous practice of language learning and use can lead to differential preferences in
relation to efficiency and sensitivity in information processing and language control in
individuals. It is also worthy of note that participants’ background information, such as
gender, musical experience, and video-gaming experience is highly associated with
individuals’ cognitive performance, which should be taken into consideration in further
research into cognition. Although preliminary, the findings of this study suggest that
linguistic distance and language scripts are important modulating variables that should be
considered in future research into the cognitive effects of language learning.
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Chapter 7
General discussion
7.1. Summary of key findings and discussions
The primary aim of this thesis was to examine the effects of specific language learning
experiences and degree of bilingualism on different sub-components of executive functions,
with a particular focus on the components involved in language learning, such as visual and
auditory attention, and working memory. The second aim was to explore less-investigated
variables in the context of bilingualism, such as the types of inhibition mechanism (i.e.,
interference suppression vs. response inhibition), pathways of language acquisition (i.e.,
instruction vs. immersion), linguistic distance (i.e., large vs. small), and language scripts (i.e.,
logographic vs. alphabetic).
Generally, the results of this thesis have demonstrated that different bilingual
experiences could produce different cognitive effects. For example, language proficiency, as
a core aspect of bilingualism, has been identified as being a further contributing factor that it
can differentially affect specific aspects of executive control and affect the emergence of
monolingual-bilingual group differences (see Chapter 4). This could be due to the fact that
language proficiency could modify cognitive performance so that a group difference a
monolingual-bilingual group might not emerge until bilinguals reach a considerable level of
proficiency (Mishra, 2015; Vega-Mendoza et al., 2015). Moreover, the results suggest that
there are more aspects of bilingualism than proficiency, such as age of active use of L2,
intensity of L2 exposure, and length of language use, all likely to have specific effects on
different components of executive functions (see Chapter 3). Specifically, intensive language
exposure mainly affects switching ability and disengagement of attention, whereas the length
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of language use along with later age of active use of L2 are more likely to affect inhibition in
both the visual and auditory domains. Taken together, these findings suggest that one single
aspect of bilingual experience may not sufficient enough to capture the differences between
different types of bilinguals, which might lead to mixed findings and the failure of replication
in the existing literature.
The reported better executive control associated with bilingualism, such as inhibitory
control, has not been consistently replicated. One possible reason might due to the fact that
bilingualism has different effects on the two components of “inhibitory control”; namely,
interference suppression and response inhibition (Bialystok and Viswanathan, 2009; Esposito
et al., 2013; Rodríguez-Pujadas et al., 2014). For example, our second study found that
bilingualism mainly influences interference suppression, but not response inhibition (see
Chapter 4); this suggests that interference suppression, rather than inhibition response, is the
key determinant for the observed differences in relation to inhibitory control between
monolinguals and bilinguals. The second reason could be due to the demand level of the
selected tasks for the particular participants. For instance, in our first study, advanced L2
learners when compared to beginning L2 learners showed better performance in inhibitory
control measured by the Stroop task, but not by the ANT. Further analyses suggest that the
Stroop task is relatively more demanding than that of the ANT as reflected in lower average
accuracy rate and longer mean response times (see Chapter 3). Evidence has suggested that
group differences are rarely observed in less demanding tasks (Bialystok, 2006), which could
be due to ceiling effects (Macnamara & Conway, 2014), or the non-activation of cognitive
control (Qu et al., 2016). The null results of monolingual-bilingual comparisons have led to
the concerns about the reliability and robustness of the cognitive effects associated with
bilingualism (Paap & Greenberg, 2013; Paap, Johnson & Sawi, 2014). This thesis provides
alternative interpretations of the null results in terms of type of inhibitory mechanisms and
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demand level of the experimental tasks. This could explain, at least in part, why studies
examining the cognitive effects of bilingualism yield divergent results.
In addition to inhibitory mechanisms underlying language control, the results suggest
that the effects of bilingualism might extend to other components of executive control;
namely, switching ability and disengagement of attention. For example, following previous
studies (Costa et al., 2008; Grundy et al., 2017), our first study (Chapter 3) conducted further
analyses to investigate how individuals would be influenced by previous trials as an index of
disengagement of attention (i.e., sequential congruency effect-SCE) and by the switching
between previous and current trials as a measure of switching ability. Advanced L2 learners
showed smaller switching costs and SCE than beginning learners, indicating that the bilingual
experience could affect switching ability and disengagement of attention. However, these
effects could be modified by other specific aspects of bilingual experience, such as language
exposure. The same additional analyses were conducted for both the ANT and Stroop task,
however, the group differences were only observed in the ANT. This could be due to the
differences in the response-to-stimulus interval time between the two tasks. For the longer
interval time (i.e., Stroop task), both groups recovered from the influence induced by the
previous trials; thus, group differences disappear. This observation suggests that the
characteristics of the selected task could also lead to different interpretations of the results
and different conclusions.
Apart from the abovementioned different degrees of bilingualism (e.g., language
proficiency and exposure), other less-investigated aspects underlying the bilingual experience
have been identified as further contributing factors in modifying specific domains of
cognitive control. The first aspect is the context of language acquisition, more specifically, in
which linguistic context (L1-dominant vs. L2-dominant linguistic environment) bilinguals
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acquire their L2s and in which type of pathway they obtain for L2 learning (formal
instruction vs. immersion). These issues have not been thoroughly investigated in current
bilingualism research and this thesis provides some needed empirical evidence with respect to
these questions (see Chapter 5). The longitudinal results show a similar improvement on most
cognitive measures (i.e., visual and auditory inhibition, mental rotation, and attentional
switching) in both the language instruction and immersion settings, indicating significant of
effects of L2-immersion experience on executive functions. According to the Adaptive
Control Hypothesis (Green & Abutalebi, 2013), bilinguals might require more interference
control in a single language context. Specifically, when individuals immersed in an L2dominant environment (i.e., a single language context), which might require increasing
demands on inhibitory control to inhibit bilinguals’ dominant L1. The demands of cognitive
control are significantly increased at the beginning of immersion and reach a relatively stable
level when individuals get used to the L2-dominant environment. These assumptions were
confirmed by the further analyses showing that these changes occurred at the earlier stage of
L2 exposure and lasted until the last session. These findings raise the question as to the role
of linguistic environment of L2 learning and its demands on cognitive control. Moreover, the
pathway of L2 acquisition could have specific effect on executive control: the only significant
group difference was observed in the auditory inhibition test, where the L2-instruction group
outperformed the L2-immersion group. Further research could investigate how individuals
acquire their L2s and its cognitive consequences, which is important for gaining a broader
understanding of bilingualism. Importantly, it could contribute to practical implications in the
field of education, such second language learning and teaching, language immersion
programs, and study abroad programs.
An additional aspect that has not been thoroughly explored in previous research are the
specific characteristics of the different languages that bilinguals have acquired. The results
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demonstrate that language script and linguistic distance have specific effects on different subcomponents of executive functions (see Chapter 6). Specifically, linguistic distance mainly
modulate language control and cognitive control: a larger linguistic distance is associated
with greater general-domain executive control and better inhibitory control in both the visual
and auditory domains. Language script mainly affects language learning and cognitive
performance in terms of processing visual and auditory information: while Chinese speakers
performed better in visual attention tasks (i.e., orienting and facilitation) and mental rotation,
English speakers showed superior performance in auditory attention task (i.e., attentional
switching). Moreover, individuals who have logographic Chinese as native language obtained
greater mental rotation than those have alphabetic languages as their native language. This
could be due to the flexibility of the writing systems that make use of in Chinese characters.
However, other factors, such as differences in education systems and culture etc could have
also influenced the results. Although preliminary, this study brings together the study of
linguistic domain and cognitive domain to gain a better understanding of the relationships
among linguistic characteristics, language learning, language control, and executive
functions.
In summary, this thesis provides empirical investigation with respect to language
control and cognitive control in the context of different bilingual experience. From the point
of view of degree of bilingualism, as characterised by, L2 proficiency, L2 exposure, length of
L2 use, age of acquisition, and age of active use of L2, the results suggest that all these
different aspects are likely to modify different components of cognitive functions. From the
perspective of specific bilingual experiences, such as linguistic environment and pathway of
language acquisition, and the linguistic characteristics of acquired languages, the results
demonstrate that all these less-explored variables serve as important modulating factors in
language control and executive control. As for the cognitive consequences of the bilingual
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experience, the findings suggest that bilingualism mainly influence interference suppression
of “inhibitory control”, and also other components of executive control; namely, switching
cost and disengagement of attention. However, these cognitive effects are affected by other
potential confounding factors, such as demand level of specific tasks and design of task
paradigm (e.g., response-to-stimulus interval time).
7.2. Limitations and further research direction
Given the diversity of participants’ backgrounds, the potential influence of other factors
that are highly correlated with language learning, such as cultural differences and education
systems, cannot be ruled out. For example, when examining the effects of linguistic distance
and language scripts on executive functions (Chapter 6), it is impossible to examine these
effects whilst excluding the potential influence of differences in culture and education
systems. A growing body of evidence has suggested cognitive effects associated with
bilingualism and language script that are separated from other confounding variables (Kim et
al., 2017; Yang, Yang & Lust, 2011; Tan et al., 2005). However, cultural factors, education
systems, and language scripts are interacting with each other, and they may have independent
or interacting effects on cognitive processing. Culture is a multi-dimensional and broaden
concept, which requires further investigations with a focus on more specific aspects, such as
the language of schooling, language characteristics (Barac & Bialystok, 2012), educational
practices, and parental practices (Parmar, Harkness & Super, 2004). One of the possible ways
to disentangle these variables is to include a wide range of different languages and different
populations (e.g., in Singapore, the Chinese speakers live in the same culture but might in a
different educational systems).
Another potential limitation is the small scale of self-reported language proficiency and
the lack of a formal test of English proficiency for bilinguals. Studies have confirmed the
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validity of self-reported language proficiency and usage (Luk & Bialystok, 2013; VegaMendoza et al., 2015). Therefore, the self-reported measures of language proficiency adopted
in this thesis are more likely to be reliable. However, the proficiency scale used in the current
study is small, which might not be sufficient enough to distinguish real L2 proficiency among
participants. For instance, in the first study, the real L2 proficiency among advanced learners
was not distinguished by the small language proficiency scale but the differences on
proficiency were reflected by the TEM tests. Further research could use a relatively larger
self-reported language proficiency scale and would ideally adding a formal test of L2
proficiency.
The use of longitudinal design has been strongly recommended (DeLuca et al., 2018;
Nicolay & Poncelet, 2013, 2015; Simonis et al., 2019), as it is believed to capture the
cognitive consequences of specific bilingual experience and crucially the changes over time.
The main potential concern of using this design, however, would be practice effects. In the
third study, in order to minimise the influence of practice effects, the three parallel versions
of TEA subtests were used, which are developed to avoid practice effects (Robertson et al.,
1994). Moreover, compelling evidence has been reported of practice effects in the ANT(Fan
et al., 2002), which is confirmed by the stability of overall RTs and the accuracy rate over the
repeated measurements. However, no studies have examined practice effects in the remaining
tasks; thus, in the performance assessed by the two tasks, the potential influence of practice
effects could not be ruled out.
Learning a second language, often in a formal setting of school or university, is a very
common phenomenon in the modern world. As the results show that a single aspect of
bilingual experience might not be sufficient enough to capture the differences between
different types of bilinguals, thus, further research could focus on bilinguals’ specific
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language experience and take their demographic variables (e.g., musical and video-gaming
experience, studying majors, and non-verbal intelligence) into consideration. The fact that
“pure monolinguals” are virtually absent in many communities, for example, as a result of the
educations systems applied in many countries, all the educated individuals have to learn at
least one foreign language since primary or high school. Further research could focus on the
specific aspect of language experience and its impact on executive functions. From the
perspective of both theoretical issue and research design, further research could employ a
longitudinal design to focus on how specific factors related to the L2 acquisition and the
bilingual experience affect executive functions within individuals, instead of using a
dichotomous distinction to examine the existence of the differences between monolinguals
and bilinguals.
7.3. Conclusion
This thesis conducted four studies to examine the effects of language learning and
bilingualism on executive functions in the young adult population and explore lessinvestigated issues within the context of bilingualism. The results suggest that specific
cognitive effects associated with bilingualism, such as inhibitory control, switching ability,
disengagement of attention, are modified by a variety of factors as demonstrated across the
four studies, such as characteristics of selected cognitive tasks (e.g., demand level and
stimulus interval time) and different aspects of bilingual experience (e.g., level of language
proficiency, intensity of language exposure, and length of language use).
From the perceptive of theoretical issues, this thesis explored less-investigated factors
relative to bilingual experience, such as the type of inhibition mechanism (i.e., interference
suppression vs. response inhibition), pathways of language acquisition (i.e., L2-immersion vs.
L2-instruction), linguistic distance, and language script (i.e., logographic vs. alphabetic).
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From the perspective of research design, it combines both a traditional cross-sectional
comparative design and a longitudinal design with four-testing points. The longitudinal
design with four-testing points conducted in this study is the first study of its kind in the field
of bilingualism. The use of four-testing points instead of the two-testing points (e.g., pre-test
vs. post-test) is relatively stable and reliable in relation to tracing within-subject changes,
which can provide a better understanding of changes in cognitive performance over time.
Bilingualism has become a major topic of multidisciplinary research whose
perspectives are as diverse as linguistics, psychology, neurology, society, and education
(Bhatia, 2004). The studies conducted in this thesis have theoretical applications that these
findings contribute to our understanding of the key aspects of the bilingual experience in
cognitive control and the reliability of the cognitive effects associated with young adulthood
bilingualism. Moreover, these studies yield practical applications, particularly in the field of
education, such as in second language learning and teaching, the educational systems setting,
second language literacy programs, and language immersion programs.
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Appendices
A.1. Language questionnaire
PART I: GENERAL DEMOGRAPHIC INFORMATION
Age.................................................Gender........................................Handedness....................................................
Study area/ Major
.........................................................................................................................................................................
Current year of study (i.e. Yr 2 Sem 1)
.................................................................................................................................
Country of birth and language used
.......................................................................................................................................
At what age did you start school ............................. years old
Please list all countries (outside your home country) you have lived in:
Country
Age
Languages spoken in the country
E.g. Belgium

2-12

French, Flemish

1.
2.
3.
4.
5.
6.
PART II: LANGUAGES
Please list all the languages you know in order of acquisition, with your native language first.
*Please indicate below if you grew up with more than one language at home.
1.

4.

2.

5.

3.

6.

Please list all the languages you know in order of usage frequency, starting with the one you use most
often.
1.
4.
2.

5.

3.

6.

Please list all the languages you know in order of proficiency, starting with your most proficient
language.
1.
4.
2.

5.

3.

6.

PART III: PARENTS’ MOTHER TONGUES
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What is your father’s main language? ..................................................................................................................
Does your father speak any other languages? Please specify ………………………………………
What is your father’s highest education level? ..................................................................................................
What is your mother’s main language?.......................................................................................................
Does your mother speak any other languages? Please specify …………………………………………………
What is your mother’s highest education level? ....................................................................................................
If you have a child, which is their first language? ……………………………………………………………
Does your child speak any other languages? Please specify ………………………………………………………

PART IV: MUSICAL BACKGROUND
Do (did) you play a musical instrument or sing?
Yes
No
If yes, please state which instrument, and how long you have been playing it for
………………….……….……….……….……….……….……….……….…….……….………………….……….………………………..…….……….……….……….…

How often do (did) you play?
Currently
Daily
A few times a week
In the past
Daily
A few times a week

A few times a month

A few times a year

Once a year or less

A few times a month

A few times a year

Once a year or less

PART V: VIDEO GAMING
Do (did) you play video games? (this includes all forms of computer games)
Yes
No
If yes, please state the type of game(s) which you play (i.e. computer, phone games), and at what age you
started
………………….……….……….….……….……….…….……….……….……….………………….……….……….………………………………..….……….……….…

How often do (did) you play at the highest frequency?
Currently
Daily
A few times a week
A few times a month
In the past
Daily
A few times a week
A few times a month

A few times a year

Once a year or less

A few times a year

Once a year or less

PART VI: ACADEMIC BACKGROUND
Please list the grades obtained in your A Levels (or equivalent) i.e. BBCC. If you studied a third language,
please state which language and the grade separately.
………………….……….……….……….……….……….……….……….……….……….……….……….…….……….……….……….………………….……….……….
………………….……….……….……….……….……….……….……….……….……….……….……….…….……….……….……….………………….……….……….…
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PART VII: LEISURE ACTIVITIES
Please indicate whether you currently participate (or have participated in recent years) in any of the
following activities and how frequently

Once a year
or less

A few times
per year

A few times
per month

A few times
per week

Daily

a. Reading books

☐

☐

☐

☐

☐

b. Reading magazines or
newspapers

☐

☐

☐

☐

☐

c. Producing art (e.g., painting,
poetry, sculpture, song writing,
ballet)

☐

☐

☐

☐

☐

d. Producing non artistic
writing (e.g., diary, newsletter,
essay, blogs)

☐

☐

☐

☐

☐

e. Playing structured games
(e.g., cards, boardgames,
crossword puzzles)

☐

☐

☐

☐

☐

f. Participating in hobbies (e.g.,
gardening, model building,
Web design)

☐

☐

☐

☐

☐
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HOME LANGUAGE 1:
LANGUAGE HISTORY – ACQUISITION OF LANGUAGE
1. Choose the most appropriate option:
I understand the language but I don’t speak it
I both understand and speak the language
2. If you were schooled in this language, at what age did you learn to write it? _
years old
Please rate how often you used this language in the following contexts during your childhood.
FAMILY
Mother
Always
Often
Rarely
Never
Not applicable
Father
Always
Often
Rarely
Never
Not applicable
Grandparents
Always
Often
Rarely
Never
Not applicable
Siblings
Always
Often
Rarely
Never
Not applicable
Other relatives
Always
Often
Rarely
Never
Not applicable
OFFICIAL
Schooling
Teachers
Classmates

Always
Always
Always

IMMEDIATE ENVIRONMENT
Friends
Always
Neighbours
Always

Often
Often
Often

Rarely
Rarely
Rarely

Never
Never
Never

Not applicable
Not applicable
Not applicable

Often
Often

Rarely
Rarely

Never
Never

Not applicable
Not applicable

LANGUAGE USE
Are you still using this language?

Yes

No

If no, when did you stop using it? _
ye
ars old If yes, how often do you use it
currently?
Daily
Weekly
Monthly
Yearly
In what context do you use this language? (You can pick more than one)
Family (Parents, partner, relatives, children etc.) Work/School Friends/ Neighbours TV/Radio
Books/magazines Shopping
Others (Please specify…………………………………….…)
LANGUAGE PROFICIENCY
Please rate your proficiency in this language in each of the following aspects:
( 1- poor; 4 - native/near native)
Speaking
1
2
3
4
Understanding
1
2
3
4
Reading
1
2
3
4
Writing
1
2
3
4
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HOME LANGUAGE 2:
LANGUAGE HISTORY – ACQUISITION OF LANGUAGE
3. Choose the most appropriate option:
I understand the language but I don’t speak it
I both understand and speak the language
4. If you were schooled in this language, at what age did you learn to write it? _
years old
Please rate how often you used this language in the following contexts during your childhood.
FAMILY
Mother
Always
Often
Rarely
Never
Not applicable
Father
Always
Often
Rarely
Never
Not applicable
Grandparents
Always
Often
Rarely
Never
Not applicable
Siblings
Always
Often
Rarely
Never
Not applicable
Other relatives
Always
Often
Rarely
Never
Not applicable
OFFICIAL
Schooling
Teachers
Classmates

Always
Always
Always

Often
Often
Often

Rarely
Rarely
Rarely

Never
Never
Never

Not applicable
Not applicable
Not applicable

IMMEDIATE ENVIRONMENT
Friends
Always
Neighbours
Always

Often
Often

Rarely
Rarely

Never
Never

Not applicable
Not applicable

LANGUAGE USE
Are you still using this language?

Yes

No

If no, when did you stop using it? _
years old
If yes, how often do you use it currently?
Daily
Weekly
Monthly
Yearly
In what context do you use this language? (You can pick more than one)
Family (Parents, partner, relatives, children etc.)
Work/School
Friends/ Neighbours
TV/Radio
Books/magazines
Shopping
Others (Please specify: …………………………………….…)
LANGUAGE PROFICIENCY
Please rate your proficiency in this language in each of the following aspects:
( 1- poor; 4 - native/near native)
Speaking
1
2
3
4
Understanding
1
2
3
4
Reading
1
2
3
4
Writing
1
2
3
4
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LANGUAGE:
LANGUAGE HISTORY – ACQUISITION OF THE LANGUAGE
1.
2.
3.
4.
5.

When were you first exposed to the language?
years old
In what context were you exposed to the language?
When did you start learning the language?
years old
At what age did you start to speak this language proficiently and actively?
years
Choose the most appropriate option:
I understand the language but I don’t speak it
I both understand and speak the language
Are you still using this language?
Yes
No
If no, when did you stop using it? _

years old

If yes, how often do you use it currently?
Daily
Weekly
Monthly
Yearly
In what context do you use this language? (You can pick more than one)
Family (Parents, partner, relatives, children etc.)
Work/School
Friends/ Neighbours
TV/Radio
Books/magazines
Shopping
Others (Please specify: …………………………………….…)
Please rate your proficiency in this language in each of the following aspects:
( 1- poor; 4 - native/near native)
Speaking
1
2
Understanding
1
2
Reading
1
2
Writing
1
2

3
3
3
3

4
4
4
4

LANGUAGE :
LANGUAGE HISTORY – ACQUISITION OF THE LANGUAGE
1.
2.
3.
4.
5.

When were you first exposed to the language?
years old
In what context were you exposed to the language?
When did you start learning the language?
years old
At what age did you start to speak this language proficiently and actively?
years
Choose the most appropriate option:
I understand the language but I don’t speak it
I both understand and speak the language
LANGUAGE USE
Are you still using this language?
Yes
No
If no, when did you stop using it? _
years old
If yes, how often do you use it currently?
Daily
Weekly
Monthly
Yearly
In what context do you use this language? (You can pick more than one)
Family (Parents, partner, relatives, children etc.)
Work/School
Friends/ Neighbours
TV/Radio
Books/magazines
Shopping
Others (Please specify: …………………………………….…)
Please rate your proficiency in this language in each of the following aspects:
( 1- poor; 4 - native/near native)
Speaking
1
2
Understanding
1
2
Reading
1
2
Writing
1
2

3
3
3
3

4
4
4
4
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LANGUAGE:
LANGUAGE HISTORY – ACQUISITION OF THE LANGUAGE
6.
7.
8.
9.
10.

When were you first exposed to the language?
years old
In what context were you exposed to the language?
When did you start learning the language?
years old
At what age did you start to speak this language proficiently and actively?
years
Choose the most appropriate option:
I understand the language but I don’t speak it
I both understand and speak the language
Are you still using this language?
Yes
No
If no, when did you stop using it? _

years old

If yes, how often do you use it currently?
Daily
Weekly
Monthly
Yearly
In what context do you use this language? (You can pick more than one)
Family (Parents, partner, relatives, children etc.)
Work/School
Friends/ Neighbours
TV/Radio
Books/magazines
Shopping
Others (Please specify: …………………………………….…)
Please rate your proficiency in this language in each of the following aspects:
( 1- poor; 4 - native/near native)
Speaking
1
2
Understanding
1
2
Reading
1
2
Writing
1
2

3
3
3
3

4
4
4
4

LANGUAGE :
LANGUAGE HISTORY – ACQUISITION OF THE LANGUAGE
6. When were you first exposed to the language?
years old
7. In what context were you exposed to the language?
8. When did you start learning the language?
years old
9. At what age did you start to speak this language proficiently and actively?
years
10. Choose the most appropriate option:
I understand the language but I don’t speak it
I both understand and speak the language
LANGUAGE USE
Are you still using this language?
Yes
No
If no, when did you stop using it? _
years old
If yes, how often do you use it currently?
Daily
Weekly
Monthly
Yearly
In what context do you use this language? (You can pick more than one)
Family (Parents, partner, relatives, children etc.)
Work/School
Friends/ Neighbours
TV/Radio
Books/magazines
Shopping
Others (Please specify: …………………………………….…)
Please rate your proficiency in this language in each of the following aspects:
( 1- poor; 4 - native/near native)
Speaking
1
2
Understanding
1
2
Reading
1
2
Writing
1
2

3
3
3
3

4
4
4
4
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1.

2.

3.

4.

5.

6.

7.
8.

9.
10.

Bilingual Switching Questionnaire (Adapted from Rodriguez-Fornells, Kramer,
Lorenzo-Seva, Festman & Munte, 2012)
When conversing in my main language, I have trouble
always
frequently
rarely
never
□
□
□
□
coming up with certain words and will replace them
with a word in my other language(s).
When you can’t find a word in your main language,
which language would you most often use (switch to) to
replace that word?
Please give a rough estimate of the proportion of time you spend speaking each language at different
stages of your life (i.e. English: German: French 20:40:40)
(i)
Childhood
(ii)
(iii)
(iv)
(v) Currently
When talking to another bilingual who speaks the same
set of languages as you, which best describes your
pattern of language use?
With regards to Q4, how often do you switch/mix
languages?

always mixing languages
frequently mixing languages
frequently sticking to one language
always sticking to one language
Once a year
Once a month
Few times a month
Few times a week
Every day
Other description:

Which of the following better describes your switching/mixing patterns?
Speaking in a dominant language and adding in words or short phrases from another language
If yes, how many percent of your conversation will be in the dominant language?
Switching between languages in a single conversation, but usually between sentences (i.e. full
sentences in English intermixed with full sentences in French)
Which pairs of languages are you most likely to mix in a
conversation?
With whom are you most likely to mix languages in a
conversation?

In conversation, I switch between (or mix) my languages
without noticing until others point it out to me.
When talking to someone who understands only one of
my languages, it happens to me to use words from a
language that the other person might not understand

%

□ Family (Please
specify:
□ Partner
□ Friends
□ Language classmates
□ Others (Please specify:

)

)

□always ☐frequently ☐rarely ☐never
□always ☐frequently ☐rarely ☐never
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A.2. Pre-test questionnaire (Chapter 5)
Language Background Questionnaire
PART I: GENERAL DEMOGRAPHIC INFORMATION
Name.........................................Age.............................................Gender........................................Handedness....................................
Study area/ Major ...................................................................................................................................................
Current level of study or highest level achieved ....................................................................................................
Country of birth and language used .......................................................................................................................................
At what age did you start school ............................. years old
Please list all countries (outside your home country) you have lived in:
Where and how long ......................................................................................................................................................................
Please list all the languages you know in order of acquisition, with your native language first:
Home language first.........................................................................................................................................................................
PART II: MOTIVATION QUESTIONS

1. My main motivations for learning English
.....................................................................................................................................................................
2. English is difficult to learn
Disagree strongly

Disagree moderately

Disagree slightly

Agree slightly

Agree moderately

Agree strongly

Agree moderately

Agree strongly

3. It’s really good for your brain to learn a language like English
Disagree strongly

Disagree moderately

Disagree slightly

Agree slightly

PART III : PROFICIENCY OF ENGLISH ( Evaluate your command of the language in each of the following
categories )

1-poor

2

3

4-near native

Speaking
Understanding
Reading
Writing
PART IV: PARENTS’ MOTHER TONGUES
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What is your father’s main language? ..............................................................................................................................
Does your father speak any other languages? Please specify …………………………………………………………
What is your father’s highest education level? ....................................................................................................
What is your mother’s main language? ............................................................................................................................
Does your mother speak any other languages? Please specify …………………………………………………………
What is your mother’s highest education level? ....................................................................................................

PART V: MUSICAL BACKGROUND
Do (did) you play a musical instrument or sing?

Yes

No

If yes, please state which instrument, and how long you have been playing it for
………………….……….……….……….……….……….……….……….……….……….……….……….…….……….……….……….………………….……….………………………..…….……….……….……….…

How often do (did) you play?
Currently
Daily

A few times a week

A few times a month

A few times a year

Once a year or less

A few times a week

A few times a month

A few times a year

Once a year or less

In the past
Daily

PART VI: VIDEO GAMING
Do (did) you play video games? (this includes all forms of computer games)

Yes

No

If yes, please state the type of game(s) which you play (i.e. computer, phone games), and at what age you
started
………………….……….……….……….……….……….……….……….……….……….……….……….…….……….……….……….………………….……….……….………………………………..….……….……….…

How often do (did) you play at the highest frequency?
Currently
Daily

A few times a week

A few times a month

A few times a year

Once a year or less

A few times a week

A few times a month

A few times a year

Once a year or less

Writing

Speaking

In the past
Daily

PART VI: IELT Results
Listening

Reading

Score

167

168
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A.3. Post-test questionnaire (Chapter 5)

Post-test language learning Questionnaire

ID:

This questionnaire will ask about your use of the language from the start of the course till now.
Were you enrolled in any other course or stimulating activity while also taking the language course? If so,
what? For how long?
How many of the language classes did you miss?

LANGUAGE USE
Do you continue to use the language outside of the classroom? Yes X No□ If no, when did you stop?
If yes, how often do you use it in each one of the following contexts (choose one):
Always

Often

Sometimes

Rarely

Never

Not applicable

Family
Partner
Siblings/Nephews/Nieces
Children
Other relatives
Official
Teachers/Classmates
Colleagues
Shopping
Radio/TV
Books/magazines
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Immediate environment
Friends
Neighbours
Church/society
COMMAND OF THE LANGUAGE (this is how you perceive your language skills *at the moment*)
Evaluate your command of the language in each of the following categories:
None

Basic
1

Beginner
2

Intermediate
3

0

Advanced

Fluent
5

4

Expression
Comprehension
Reading
Writing

Could you estimate how many hours (on average) per week you spent practicing the language in following
situations (OVERALL SINCE THE START OF THE COURSE):
watching
TV/videos

attending
formal classes

learning from
books

Conversation

listening to
radio/audio

reading
books/press

using it on
internet
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Could you estimate how many hours (on average) per week you spent practicing the language in following
situations (IN THE LAST WEEK):
watching
TV/videos

attending
formal classes

learning from
books

Conversation

listening to
radio/audio

reading
books/press

using it on
internet
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Post-test Language Learning Questionnaire
Disagree
Strongly

Disagree
Moderately

Disagree
Slightly

Agree
Slightly

Agree
Moderately

Agree
Strongly

This course excited my
curiosity.
This course was interesting in
itself.
I felt that I had no control over what
was happening during this course.
When doing this course, I was aware
of distractions.
This course made me
curious.
This course was fun for
me.
I would do this course
again.
This course allowed me to control
what I was doing.
When doing this course, I was totally
absorbed in what I was doing and
learning
This course bored me
During this course, I could make
decisions about what to study, how to
study it, and/or with whom to study
When doing this course, I was
thinking about other things
This course aroused my imagination
I felt just the right amount of
challenge during this course
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