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Abstract 

Support for the “bilingual advantage hypothesis” has been challenged due to discrepant 

findings especially with young-adult bilinguals. It is reasoned that the extent of bilingual 

influence on cognitive development could be dependent on experiential factors that 

influence bilinguals’ language control. With the Adaptive Control Hypothesis as a frame, 

this research examines the relationship between language switching and bilingual 

competency with cognitive control. Three separate studies were conducted with young 

adult English-Mandarin bilinguals to examine these factors systematically. Findings from 

this research demonstrate the heterogeneity of bilingualism, and illustrate their distinctive 

engagements with cognitive control processes. Findings also suggest partial support for 

the Adaptive Control Hypothesis, where some of its assumptions and associations are 

challenged. This research contributes significantly in theory-building, in which important 

and relevant bilingual language control frameworks are examined.  

Keywords: language switching, bilingual competency, cognitive control, adaptive control 

hypothesis  

 

 

 

 

 

 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                                                                                                                          1           

 

Chapter 1 – Introduction to the Thesis 

In the study of bilingualism, one of the most intriguing inquiries that has emerged 

from the field is the relationship between language and cognition. Through neuroscience 

and behavioral studies, there is evidence to suggest an interrelationship between linguistic 

abilities and cognitive processes, with language and cognitive development mutually 

influencing one another throughout one’s lifespan (Blumenfeld & Marian, 2009; 

Bialystok, 2009; 2017). This has led many to argue that bilingualism is indeed a unique 

case of language acquisition (Bialystok, 2013), with distinctive implications for the 

relationship between bilingualism and cognitive control processes such as goal 

maintenance, conflict monitoring, interference suppression, selective response inhibition, 

and task engagement and disengagement (Green & Abutalebi, 2013).  

Early research in bilingualism had initially presented negative effects on learning 

(see Bhatia & Ritchie, 2006 for review). However, this was argued to be due to 

methodological weaknesses of previous bilingual studies. In a seminal study by Peal and 

Lambert (1962), findings from their study showed that after accounting for confounding 

factors such as socioeconomic status (SES), second language proficiency, gender, age, 

language of assessment, and environmental contexts (urban-rural contexts), bilingual 

students outperformed monolinguals on several measures of verbal and non-verbal 

intelligence. Since then, a considerable body of evidence has accumulated suggesting that 

bilinguals demonstrate advantages in cognitive control as compared to monolinguals 

(Adesope, Lavin, Thompson, & Underleider, 2010, Bialystok et al., 2009; 2016). This 

advantage is reasoned to be due to the experience of using two languages. In bilinguals, 

both language representations are activated and in competition (Kroll et al., 2008). This 

joint activation of languages requires a language control mechanism to monitor and 
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inhibit the non-target language in order to successfully communicate in the target 

language (Green, 1998). This language control ability is proposed to depend on the 

engagement of domain-general cognitive control processes such as inhibitory control. It 

has been reasoned that bilinguals demonstrate efficiency in cognitive control processes 

such as inhibitory control, due to the constant engagement of these processes in bilingual 

language control (Abutalebi & Green, 2013; Green, 1998). In view of these positive 

cognitive correlates, this led to the notion of the “bilingual advantage hypothesis”.  

However, there have been discrepant findings regarding the presence and extent 

of this advantage, leading to recent calls challenging it (e.g., De Bruin, Treccani, & Della 

Sala, 2015; Hartsuiker, 2015; Hilchey & Klein, 2011; Laine & Lehtonen, 2018; Paap & 

Greenberg, 2013; Paap, Johnson, & Sawi, 2015; Goldsmith & Morton, 2018). While 

positive cognitive effects of bilingualism have been documented across the lifespan (e.g., 

Alladi et al., 2013; Carlson & Meltzoff, 2008; Bialystok, 2009), there is also evidence 

suggesting relative impairment or null effects (e.g., Anton et al., 2014; Gathercole et al., 

2014; Lehtonen et al., 2018; Paap, Johnson, & Sawi, 2014). These mixed findings have 

brought about considerable controversy regarding the existence and magnitude of 

cognitive control advantages associated with bilingualism (Laine & Lehtonen, 2018).  

In particular, these mixed findings have been most observed across studies with 

young adult bilinguals as compared to those with children and the elderly (Antoniou, 2019; 

Bialystok, 2017). This has been proposed to be attributed to cognitive development. In 

early adulthood, cognitive development is said to be at the peak of cognitive control 

performance (Bialystok, 2015). The lack of observed differences in cognitive efficiency 

is proposed to be due to ceiling effects. However, the lack of observed differences in 

inhibitory control from studies with large-scale studies in children (e.g., Anton et al., 2014; 

Dunabetia et al., 2014; Gathercole et al., 2014) and a meta-analysis of evidence with 
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adults (Lehtonen et al., 2018), have countered this argument. In addition, discussion has 

arisen that the underlying bilingual cognitive control advantage could be related to other 

cognitive control processes such as conflict monitoring (e.g., Costa et al., 2009), 

executive attention (e.g., Bialystok, 2017), and cognitive flexibility (e.g., Kroll & 

Bialystok, 2013), beyond inhibitory control processes (Bialystok, 2017). Even then, 

reliable evidence for cognitive control efficiency in these various cognitive processes has 

not been consistently found (Antoniou, 2019; Lehtonen et al., 2018; Paap, 2019). Overall, 

the association between bilingualism and cognitive control has been called into question 

and the exact nature of its relationship remains unclear. 

These observations coincide with a paradigmatic shift in understanding 

bilingualism, advocating that bilingualism is a heterogeneous experience comprised of 

multiple dimensions (Dong & Li, 2015; Kroll, 2015; Kroll and Bialystok, 2013; Luk & 

Bialystok, 2013; Yamasaki, Stocco, & Prat, 2018; Yow & Li 2015). It is put forward that 

these dimensions are different from one another and that they could engage and affect 

cognitive processes distinctively. More recent theoretical and behavioral evidence 

supports this view, that it is not just the knowledge of two languages, but that the influence 

of bilingualism on cognition could be dependent on factors and experiences that influence 

bilinguals’ exposure and opportunity to control, practice, and use their language systems 

(Abutalebi & Green; 2016; Dong & Li, 2015; Green & Abutalebi, 2013; Hartanto & Yang, 

2016; Henrad & Van Daele, 2017; Kroll et al., 2015; Yamasaki, Stocco, & Prat, 2018; 

Yow & Li, 2015). However, lesser is known about what these factors and experiences 

might be, and how they could be associated with cognitive control.  

One of the most prominent and relevant bilingual language control models that 

discusses this is the Adaptive Control Hypothesis (Green & Abutalebi, 2013). This model 

considers the contexts in which bilinguals may engage language and cognitive control. It 
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describes the processes involved for bilingual language selection and language control, 

and its possible effects on various cognitive control processes. It proposes that differences 

in bilingual language selection are related to the ways in which bilinguals communicate 

and switch between their languages through the types of interactional contexts that they 

engage in on a day-to-day basis (recurrent conversation patterns). It describes three 

contexts – single language, dual language, and dense code switching contexts – each of 

which is proposed to implicate demand on bilinguals’ language control differentially. 

Each of these contexts differ in the way that bilinguals communicate and switch between 

their languages.  

The Adaptive Control Hypothesis further identifies eight cognitive control 

processes (goal maintenance, conflict monitoring, interference suppression, salient cue 

detection, selective response inhibition, and task engagement and disengagement) that are 

recruited as a function of the type of interactional context in which a bilingual primarily 

engages. The model makes detailed predictions of cognitive control that should be 

observed based on bilinguals’ primary engagement in these interactional contexts. Within 

the model, it also briefly posits the contributing influence of bilingual competency on 

language switching engagement and behaviors, and with cognitive control. Although this 

model stands as a widely referenced model, research supporting claims from this model 

is scant and preliminary (Antoniou, 2019; Bialystok, 2017; Elorietta & Plykannen, 2017; 

Hartanto & Yang, 2016; Henrard & van Daele, 2017).  

Thus, the overall aim of this thesis is to systematically examine the key aspects 

and experiences that could be associated with bilingual language control and its relations 

with various cognitive control processes, through the Adaptive Control Hypothesis. It 

examines the two key aspects of the model – bilingual language switching and bilingual 

competency – and how variations in these might be associated with cognitive control in 
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early adulthood. Through this framework, it seeks to address the challenges that have 

been presented with the “bilingual advantage hypothesis” in early adulthood. 

1. Background of Current Research 

In recent years, there has been substantial research investigating the possible 

impact of bilingualism on cognition. This has been examined across all stages of 

development and across a variety of cognitive and neuroimaging measures. Due to the 

range of research across the lifespan, this study will focus on bilingualism and its effects 

on cognitive control, which are said to have consequences for cognitive development. It 

will focus on behavioral measures and tasks that are related to cognitive control (also 

commonly referred to as executive function). To examine the challenges related to the 

“bilingual advantage hypothesis”, it will focus its examination specifically with young 

adult bilinguals.  

This section provides a background to this research, introducing bilingual 

language processing and the cognitive control processes that are associated with bilingual 

language control. It will discuss the mixed behavioral evidence that underlies the 

challenges of the “bilingual advantage hypothesis” across the lifespan. A brief review of 

these studies in childhood and late adulthood will be discussed, followed by an overview 

of those in young adulthood (an in depth review for studies with young adults is included 

in Chapter 2). Reasons for the current state of mixed evidence will be highlighted. 

Following this, the theoretical framework of this study, the Adaptive Control Hypothesis, 

will be discussed in more detail. Observations related to the assumptions of this model 

will also be presented. 

1.1. Bilingual Language Processing and Cognitive Control Processes 

Through neural (e.g., Li, Legault, & Litcofsky, 2014) and behavioral research 

findings (e.g., Mecchelli et al., 2004), bilingualism has been suggested to uniquely change 
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language representations and brain structures that underlie language processing (e.g., 

Abutalebi et al., 2008). Beyond linguistic consequences, it has been proposed that 

experience with bilingual language use is said to extend to changes in other brain regions 

that underlie certain cognitive control processes (e.g., Abutalebi & Green, 2016). As 

compared to monolinguals, bilinguals have been observed to demonstrate behavioral 

efficiency in various cognitive control processes (Bialystok, 2009; Costa et al., 2008; 

2009; Valian 2015).  

This has been reasoned to be due to the distinct way in which bilinguals’ process 

their languages as compared to monolinguals. In bilinguals, there is substantial evidence 

that both languages are always active in their repertoire to some extent, even if one of 

them is not required in their immediate context or environment (Kroll et al., 2008; Kroll, 

Dussias, Bice, & Perrotti, 2015). In bilinguals, both languages are jointly activated and 

there is “interference” between bilingual’s languages. Joint activation means that there is 

continuous competition for language selection, and bilinguals must exercise control of 

attention to language representations and processing that is not required for monolinguals 

(Bialystok, 2017). Joint activation requires a mechanism for language selection, so that 

the appropriate use and production of the target language proceeds fluently.  

This mechanism has been attributed to a domain-general control system that is 

recruited for language control. This was first speculated by Green (1998), in which he 

proposed the theoretical Inhibitory Control (IC) model for bilingual language selection. 

The IC model was the predominant view to explain bilinguals’ cognitive control 

efficiency. In this model, a supervisory attention system guides top-down cues that lead 

to the inhibition of the non-target language. This inhibition in language processing helps 

bilinguals to resolve the interference that stems from the joint activation of their languages, 

and provides the bilingual with appropriate contextual and linguistic representations and 
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output. Based on the IC model, bilingual language processing primarily implicates the 

cognitive control process of inhibition. Bilinguals’ inhibitory control processes are 

modified by their language selection process, and consequently, could influence 

inhibitory control. It is assumed that the more practice in bilinguals’ language selection 

process would be associated with efficiency in non-verbal cognitive control processes 

such as inhibitory control (Abutalebi & Green, 2008). This constant taxing of cognitive 

control processes has been posited to provide training, leading to the efficiency of its 

related networks. Behavioral evidence for bilingual cognitive control efficiency has been 

observed through higher accuracy, faster cognitive processing (e.g., faster reaction times), 

and lower cognitive costs (e.g., smaller conflict effects) in performing cognitive control 

tasks compared with monolinguals (Bialystok, 2009). This is further supported by 

neuroimaging evidence which shows overlap in brain networks involved in language 

selection and non-verbal cognitive control (e.g., cognitive switching) (e.g., Abutalebi & 

Green, 1997; 2013; Luk, Green, Abutalebi, & Grady, 2012).  

However, support for bilinguals’ cognitive control efficiency have been 

inconsistent due to mixed findings observed across the lifespan (Anton et al., 2014; 

Dunabetia et al., 2014; Gathercole et al., 2014; Lehtonen et al., 2018). Bilingual cognitive 

advantages have been more consistently observed in older adults, then in children, and 

least consistently in young adults (see Antoniou, 2019; Bialystok, 2017; Hilchey & Klein, 

2011 for reviews). One of the most commonly cited explanation for this, has been 

attributed to the nature of cognitive development. Larger individual variation is likely to 

be observed in childhood, when cognitive foundations are being laid. Larger individual 

variation is also likely in late adulthood, when cognitive functions are declining 

(Antoniou, 2019). In young adulthood, cognitive performance is said to be at its peak 

(Park et al., 2002), and it is argued that the mixed and null findings might be due to a 
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possible ‘functional ceiling’ which presents insufficient inter-individual variability for 

differences to be observed (Bialystok, Poarch, Luo, & Craik, 2014). In that view, the 

influences of bilingualism is said to have little observed effects at this stage of cognitive 

development. However, this explanation is limited due to the inconsistent findings that 

are also observed in childhood and late adulthood, when they are not at the peak of 

cognitive performance as are young adults (Laine & Lehtonen, 2018). Further, other 

studies with young adults have suggested that young adults are not performing cognitive 

control tasks at ceiling levels (e.g., Paap, Johnson, Bockelman, Cushing, & Sawi, 2014).  

While the predominant reason for these discrepant findings is due to the nature of 

cognitive development, other explanations for these mixed findings have also been 

proposed (e.g., heterogeneity of bilingual experiences, nature of cognitive control 

processes and task measures, and measurements of bilingualism). These will be discussed 

in the sections below. Presented firstly is the mixed evidence which demonstrates 

challenges to the “bilingual advantage hypothesis” observed in childhood, young 

adulthood, and late adulthood. Next, explanations for the current state of mixed findings 

are discussed. 

1.2. Challenges to the “Bilingual Advantage Hypothesis” 

This section will discuss the current state of mixed evidence that demonstrates 

challenges to the “bilingual advantage hypothesis”. It will briefly examine studies in 

childhood and late adulthood, followed by those in young adulthood. The studies will be 

examined separately based on the different stages of development (i.e., childhood, young 

adulthood, and late adulthood). In view of the focus of this present research, a detailed 

review of studies with young adults will be conducted in Chapter Two. 
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1.2.1. Review of Evidence in Childhood 

The notion that bilingualism could have consequences for cognitive abilities were 

first observed in research with children. It was previously assumed that bilingualism had 

negative consequences on cognitive development, and that the cognitive skills of 

individuals who grew up learning two languages were negatively affected by this 

linguistic experience (Hakuta, 1986). However, this long-held view was brought to 

question after a landmark study by Peal and Lambert (1962), which examined French-

speaking monolingual and English-French bilingual children on a battery of cognitive 

tasks, measuring different aspects of intelligence. Given the view at that time, the 

researchers had hypothesized that monolingual children would outperform bilingual 

children on these measures. Instead, they found that bilingual children outperformed 

monolinguals on both verbal and nonverbal intelligence tests, leading the authors to 

propose for the first time, that bilingual language exposure was not disadvantageous to 

cognitive development. They proposed that bilingualism might be related to non-verbal 

cognitive processes related to concept formation and cognitive flexibility. 

Findings from this study were ground-breaking. Firstly, it was one of the few 

studies at the time to highlight qualitative differences in the cognitive processing of 

bilinguals and monolinguals. Secondly, their findings suggested that bilinguals had a 

more diversified set of non-verbal cognitive mental abilities than monolinguals, 

contradicting previous conceptions about the negative impact of bilingualism. Since this 

initial research, evidence which suggests the cognitive consequences of bilingualism on 

verbal and non-verbal cognitive control in childhood, has been documented (Adesope et 

al., 2010; Barac, Bialystok, Castro, & Sanchez, 2014; Bialystok, 2001; 2009).  

In a majority of these studies, young children are presented with cognitive tasks 

that involve various types of cognitive conflict that require conflict resolution, and/or 
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require them to switch between tasks and responses based on differing rules. In view of 

the predominant theoretical Inhibitory Control (IC) model (Green, 1998) within the field, 

most of these tasks are interpreted as measures of inhibitory control, cognitive flexibility, 

switching, and monitoring. Some of the commonly used tasks are the Stroop task, the 

Flanker task, the Simon task, Dimensional Change Cart Sort task (DCCS), and 

Attentional Network Task (ANT) (see Chapter 2 for detailed review of cognitive control 

tasks). These cognitive tasks are generally considered as assessments of cognitive control 

processes. The general claim is that bilingual children demonstrate better cognitive 

control in these task performance due to the demands placed by bilingualism on 

developing brain networks and structures which underscore general cognitive control 

(Antoniou, 2019). 

These early and distinctive consequences of bilingualism on cognitive 

development was examined in a seminal study by Carlson and Meltzoff (2008). In this 

study, after systematically controlling for age, verbal abilities, and socioeconomic status 

(SES), results revealed that native bilingual children outperformed non-native bilinguals 

(children attending a language-immersion program) and English-speaking monolinguals 

on behavioral tasks that required the inhibition of attention to conflicting information and 

to interfering responses. However, there were no group differences observed on tasks that 

measured response inhibition (gift delay task). Response inhibition, which is argued to be 

another aspect of inhibition, requires one to suppress a prepotent response (Bialystok, 

2017). This led the authors to argue that early bilingual experiences influence the 

development of cognitive control mechanisms in childhood, and that it is early and 

intensive exposure to, and mastery of more than one language that confers efficiency in 

processes associated with cognitive attentional control and conflict resolution. However, 

efficiency in response inhibition was not observed. These findings highlighted the 
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different types of inhibitory control and demonstrate a distinct relation between 

bilingualism on specific cognitive control processes in childhood.  

In Carlson and Meltzoff’s (2008) study, despite the native bilingual participants 

coming from a lower socioeconomic status background (SES), they outperformed the 

other groups of participants. This study suggested for the first time the possibility that 

bilingualism could help to counterbalance other factors that might otherwise suppress the 

development of cognitive control processes. Since these initial findings, there has been 

growing evidence suggesting that bilingual consequences in childhood seem to develop 

regardless of SES background (e.g., Calvo & Bialystok, 2014; Engel de Abreu et al., 2012; 

Thomas-Sunesson, Hakuta, & Bialystok, 2018). These evidence suggests that 

bilingualism might serve as a cognitive buffer against adverse childhood experiences and 

could alleviate the negative effects of poorer cognitive control development commonly 

associated with lower SES (Lawson & Farah, 2015). 

In view of the consequences on cognitive development, researchers have 

investigated the earliest indication in which these cognitive control differences might be 

observed in development. Bialystok and colleagues (2010) found that as compared to 

French-speaking and English-speaking monolingual children, bilingual children (4 years 

old) demonstrated linguistic and cognitive control efficiency in processes related to 

attentional control, inhibition, and cognitive switching. These behavioral findings 

established for the first time that language and cognitive control differences between 

bilinguals and monolinguals could be observed so early on in development. Bilingual 

advantages have also been observed in attention switching in 7-month-old preverbal 

infants using an eye-tracking paradigm (Kovacs & Mehler, 2007), and memory 

generalization in 18-month-old infants (Brito & Barr, 2012). These studies with infants 

suggest that the association between bilingualism and cognition comes before children 
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develop the ability to produce words, which may account for the effects of bilingual 

exposure observed in cognitive control. Collectively, these studies indicate that early 

experiences of bilingualism could influence cognitive development in childhood. 

Most of these studies are based on between-group comparisons which are 

measured at a single time-point. In a longitudinal study with young children (24 months), 

Crivello and colleagues (2016) found that children who became more bilingual over time 

(to 31 months), showed the largest advantage over their monolingual peers on a range of 

cognitive control tasks at 31 months. With older children who were 9 – and 10-years old, 

another longitudinal study (over a one-year period) showed that the level of bilingualism 

predicted the increase in cognitive control within the same group of children (Riggs et al., 

2014). These findings suggest that changes to the level of bilingualism could have 

consequences on early cognitive development. 

Findings from a neuroscience study by Barac, Moreno, and Bialystok (2016) lend 

credence to these behavioral findings. The researchers found that five-year-old bilingual 

children displayed more advanced patterns of event-related potential (ERPs) indices than 

their monolinguals peers when performing an inhibitory control task – presenting 

substantiation that young bilingual children may have more mature patterns of brain 

functioning even at the neural level in managing inhibitory control. This advanced 

bilingual performance was also correlated with better behavioral results on other 

inhibitory control tasks. These findings validate early propositions that early bilingual 

acquisition and experiences could differentially modify the neural basis in children, and 

further establish the effects of the language-cognition interaction on early cognitive 

development. 

In spite of existing evidence suggesting consequences of bilingualism on early 

cognitive development, the support is inconsistent. This has led to questions regarding 
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the reliable effects of bilingualism on early cognitive development. For example, Morton 

and Harper (2007) compared bilingual and monolingual children matched for ethnicity 

and socioeconomic status (SES) on measures of inhibitory control (Simon task). They 

found that bilingual and monolingual children did not demonstrate any performance 

difference in cognitive control. Instead, higher SES was associated with cognitive control 

efficiency. 

In a large-scale study by Gathercole and colleagues (2014), in which 

monolinguals (English) and three different groups of bilinguals (children to adults) were 

compared (Welsh-dominant, balanced, and English-dominant) on their inhibitory control 

(Simon task), cognitive switching (card sorting) and metalinguistic abilities 

(metalinguistic judgment task), bilingual advantages across all task measures were not 

observed. In another large-scale study conducted by Anton and colleagues (2014), they 

found that Basque-Spanish bilingual children (age range was 6 to 12-years old) did not 

demonstrate any performance difference as their Spanish monolingual peers on the 

children’s ANT task (similar to the Flanker task). In this study, the authors carefully 

matched bilinguals and monolinguals in their socioeconomic (family income, parental 

education) and cognitive measures (reading, math, verbal, and non-verbal IQ scores). The 

lack of observed group differences led the authors to suggest that after accounting for 

confounding variables, bilingual children did not differ from monolinguals in cognitive 

control processes of inhibitory control and cognitive monitoring.  

This was also reported by Dunabetia and colleagues (2014), who compared 

between Spanish monolingual children and Basque-Spanish bilingual children on the 

Stroop task (inhibitory control) and failed to find group performance differences. These 

studies, which demonstrate no association between bilingualism and childhood cognitive 
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development, reflect the inconsistency of bilingual effects on early cognitive 

development (Antoniou, 2019).  

However, it is also notable that across these studies, different cognitive control 

processes are measured and different types of cognitive tasks are used. For example, while 

more consistency is suggested to be observed in measures that require controlled and 

selective attention (executive attention), less might be observed with other control 

processes such as response inhibitory control (e.g., Carlson & Meltzoff, 2008; Bialystok, 

2016; 2017). Given the nature of early cognitive development and methodological 

sensitivities (see Zhan et al., 2011 for review), this makes it difficult to draw comparable 

conclusions across studies with regard to the association between bilingualism and 

cognitive control processes in early cognitive development.  

1.2.2. Review of Evidence in Late Adulthood 

The most robust bilingual claims associating bilingualism with cognition have 

been observed in late adulthood, which is a population for whom cognitive advantages 

are most valuable (Bialystok et al., 2016). These associations have been observed across 

a range of cognitive control tasks and measures, which are linked with healthy cognitive 

aging outcomes (Antoniou, 2019; Bialystok, 2017). The cognitive control task measures 

in studies with bilingual older adults, are similar to those with young children (e.g., ANT, 

Flanker task, Simon task, Stroop task, color-shape switching task etc.). In these tasks, 

cognitive control processes (e.g., inhibitory control, cognitive monitoring, and cognitive 

switching) are implicated due to the need to resolve cognitive conflict (Bialystok, 2017). 

There is evidence that older adult bilinguals demonstrate efficiency (e.g., faster RTs and 

smaller cognitive costs) in these tasks as compared to monolinguals (e.g., Bialystok, 2017; 

Bialystok et al., 2004; Gold et al., 2013). Due to these observations, the association 

between bilingualism and cognitive control has not been debated as much as those 
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involving young adults (Antoniou, 2019). However, recent evidence and meta-analyses 

also have found inconsistent or null effects in both young and late adult bilinguals. These 

challenge the view that life-long bilingualism could confer cognitive effects and attenuate 

cognitive decline in late adulthood.  

The first study demonstrating cognitive consequences in adulthood was launched 

by Bialystok and colleagues (2004) to examine the life-long consequences of bilingualism 

on cognitive aging. In this study, younger (30 – 54 years old) and older balanced 

proficient adult bilinguals (60 – 88 years old) were consistently faster and demonstrated 

smaller cognitive cost as compared to monolinguals in inhibitory control processes. 

Although typical age-related effects of longer RTs were observed with both monolingual 

and bilingual older adults, older bilinguals were able to avoid the increase in errors that 

characterize performance in older monolinguals, indicating that bilinguals were less 

disrupted by cognitive conflict. Also, a comparison between the differences in RTs within 

language groups (i.e., between younger and older bilinguals, and younger and older 

monolinguals), showed that the age-related increase in RTs, especially in the incongruent 

condition and Simon effect (inhibitory control), was especially larger for the 

monolinguals than bilinguals.  

In their follow-up study (Bialystok, Craik, Klein, & Viswanathan, 2004), working 

memory demands were also incorporated into the task. Strikingly, the same bilingual 

advantages as seen in their initial study were noticeable even with increases in working 

memory demands. Bilingual advantages appeared especially in conditions with high 

processing demands and was not restricted to conditions that necessitate inhibitory 

control (e.g., incongruent trials vs. congruent trials). What was distinct was that the 

differences between bilinguals and monolinguals were most apparent for older 

participants over the age of 60 years. Although typical age-related effects were 
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demonstrated, the magnitude of age-related processing decline was more severe for the 

monolinguals than for bilinguals. Further, for both younger and older bilinguals, their 

RTs appear to be relatively stable and consistent across all tasks conditions as compared 

with monolinguals. These results imply that bilingualism could promote more sustained 

cognitive monitoring and inhibitory control processing and might also attenuate the 

negative effects of aging on cognitive control processes. This has since been observed in 

later studies, particularly in older adulthood when cognitive decline is most observed, and 

in highly demanding task conditions that require managing and resolving cognitive 

conflict (e.g., Bialystok, Craik, & Luk, 2008). 

In Bialystok, Craik, and Luk (2008), the Stroop and Simon task (both tasks are 

proposed to measure inhibitory control) was administered to younger and older adults 

who were monolingual or bilingual. They found that bilinguals in both age groups 

outperformed their monolingual peers in both cognitive control tasks. However, there 

were no observed differences for young adults in the Simon task, and only the Stroop task 

demonstrated effects. This was similarly replicated in a later study with older and younger 

bilinguals on the Stroop task (Bialystok, Poarch, Luo, & Craik, 2014). Across these 

studies, cognitive advantages were especially observed with older bilingual adults.  

Other studies have also found evidence that bilingualism could promote general 

cognitive health in aging (Antoniou, 2019). For example, in a 12-year longitudinal study 

with 814 Israeli older adults (aged 75 to 79 years old), it was found that multilingualism 

was a stronger predictor of cognitive ability than age, age at immigration, education, or 

gender (Kave et al., 2008). In another study with 853 Scottish older adults, bilingual 

advantages were observed on a cognitive test battery (Bak et al., 2014). Positive effects 

of bilingualism on neuropathological diseases associated with age-related cognitive 

decline have also been suggested. In a landmark study, Bialystok and colleagues (2007) 
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examined medical records of individuals who had developed Alzheimer’s disease. They 

found retrospectively that 184 individuals who had used two languages throughout their 

lives (i.e., bilinguals) tended to be diagnosed with dementia four years later than those 

who had only used one language. This has been similarly observed in other populations 

(e.g., Chertkow et al., 2010; Craik et al., 2010; Gollan et al., 2011; Woumans et al., 2015). 

It has also been found that participation in foreign language instruction during childhood 

and adolescence (prior to 18 years-old) was associated with a lower risk of developing 

mild cognitive impairment in older ages (Wilson et al., 2015).  

According to current evidence, it has been proposed that the effects of lifelong 

bilingualism might be most rewarding at the stage when cognitive decline is steeper and 

most severe (Bialystok, 2017). It is proposed that the experience of lifelong bilingualism 

might serve as a form of “cognitive training”, in which the practices associated with 

bilingualism tunes the same neural networks that are implicated in cognitive control 

(Antoniou, 2019). This could mitigate and/or serve as an additional cognitive reserve 

against age-related decline of neural networks associated with cognitive control. 

At the same time, this view has been challenged by other research. In a study with 

older bilinguals (60 – 89 years old), no group differences were observed between non-

immigrant bilinguals (Gaelic-English), immigrant bilinguals (Bengali, Gujarati, Hindi, 

Malay, Punjabi, Urdu-English, and English monolinguals on the Simon task (inhibitory 

control) (Kirk, Fiala, Scott-Brown, & Kempe, 2014). In another study by Sorman and 

colleagues (2019) with older adult life-long bilinguals (ages 50 – 75 years old; 60 

Swedish-Finnish bilinguals; 122 Swedish-English bilinguals), they found that after 

controlling for age and fluid intelligence, the degree of estimated bilingualism (self-

ratings of degree ranging from monolingualism to bilingualism) and bilingual proficiency 

(self-rated L2 proficiency) did not predict cognitive control performance across measures 
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of inhibitory control (Flanker task, Stroop task, and Simon task) and cognitive switching 

(number-letter, color-shape, and global-local task). However, in this study, all 

participants were bilinguals, proficient in L2 to a certain extent. Further, there was not a 

monolingual control group for comparison. Findings from this study might not confirm 

the lack of bilingual advantages, because it could suggest instead that other factors such 

as bilingual proficiency and/or demographical and cultural differences might account for 

their findings.  

Across both of these studies which suggest that there are no bilingual advantages 

in late adulthood, it is observed that comparisons are made between different groups of 

bilinguals who differ in their bilingual profiles (e.g., demographics and culture). There is 

evidence that demographic and cultural differences between bilingual groups could 

influence cognitive control, due to differences in the types of language-pairs and how 

both languages are used among different bilingual groups (e.g., see Bialystok, 2017 for 

review). There is growing evidence to suggest that bilinguals’ contextual factors such as 

their language experiences and how they switch between languages, could be associated 

with cognitive control efficiency (e.g., Dong & Li, 2015; Hartanto & Yang, 2016; Yow 

& Li, 2015; Verryt et al., 2016). However, in both studies, bilinguals’ contextual factors 

were not examined. As such, their contributing effects on cognitive control cannot be 

ruled out based on these studies. 

The current state of mixed findings is enlightened by recent meta-analyses which 

have collated evidence across studies to determine the reliability and robustness of the 

claim that bilingualism could enhance cognitive control in adults. Lehtonen and 

colleagues (2018) conducted the largest meta-analysis of studies to date, examining 152 

published and unpublished studies associating bilingualism with cognitive control in 

adults (ranging from young adults to older adults; 18 years and older). Although they 
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found a small bilingual advantage for inhibition, cognitive shifting, and working memory, 

the evidence of this advantage receded after correcting for bias. They also did not find 

bilingual advantages for cognitive monitoring or attentional control. Verbal fluency 

indicated a small bilingual disadvantage. This analysis also considered certain 

environmental-related bilingual factors (e.g., age of L2 acquisition, bilingual proficiency, 

language-pairs, and country) as moderating variables. They did not find any effects of 

these bilingual factors on cognitive control outcome measures. Findings from this meta-

analysis suggest that based on current and available evidence, systematic support for the 

effects of bilingualism on domain-general cognitive control adulthood is lacking.  

However, the authors (Lehtonen et al., 2018) acknowledged that they did not 

consider bilinguals’ contextual factors such as bilingual language use (e.g., language 

switching in a dual-language context) in their analysis, and discuss this as a limitation to 

their findings. They observe that these contextual factors have been examined to a lesser 

extent in past studies. As these factors could also influence cognitive control processes 

(e.g., Hartanto & Yang, 2016; Verryt et al., 2016), future research should consider 

whether variations in factors such as language use patterns (e.g., dual-language context 

within the Adaptive Control Hypothesis) could also be associated with executive control 

efficiency in bilingual adults. Another observed limitation, is the dichotomous 

classification of bilinguals and monolinguals in current bilingual research. It is observed 

that current bilingual research has largely focused on comparisons between monolinguals 

and bilinguals. Bilingualism is not a unitary phenomenon (e.g., Luk & Bialystok, 2013). 

It is suggested that future studies should take an individual differences approach, to 

identify the association between individuals’ bilingual experiences and cognitive control 

(Laine & Lehtonen, 2018; Lehtonen et al., 2019). It should also be highlighted that this 

meta-analysis pooled together research across young, middle-aged, and older-adults. As 
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such, findings from this meta-analysis does not tease apart the different stages of adult 

cognitive development (e.g., early vs. late adulthood). The distinct cognitive 

consequences that might be associated with different stages of adult cognitive 

development is not clearly ascertained based on their meta-analysis. 

This is brought to light in another meta-analysis (of 43 studies) which compared 

bilingual advantages between different age groups. Donnelly and colleagues (2019) found 

that different age groups ranging from childhood to adulthood demonstrated varying 

results on conflict resolution processes. In this meta-analysis, effect sizes were larger for 

interference cost (inhibitory control) than global RTs (monitoring) in older adults. In 

children, the opposite was observed whereby a trend was found for larger effect sizes for 

global RTs than for interference cost. However, in younger adults, no differences were 

observed for either interference cost or global reaction times (RTs). The authors discussed 

that their findings do not suggest a reliable bilingual advantage across life-span cognition. 

They argue that these findings are not consistent with existing models of bilingual 

language control (e.g., IC model), and do not provide conclusive support for or against 

bilingual advantages on conflict resolution processes.  

It is also important to point out that the Donelly et al. (2019) meta-analysis did 

not include contextual and socio-linguistic factors such as the age of onset of bilingualism 

and frequency of language use in their analysis as moderators. Similar to Lehtonen and 

colleagues (2018), Donnelly and colleagues (2019) acknowledge that bilinguals’ 

contextual variables might also contribute to the cognitive association with bilingualism, 

and they discuss this to be a limitation to their findings. They also suggest the need for 

future research to examine these factors further. Donnelly and colleagues (2019) echo 

Lehtonen and colleagues (2018), and highlight the current observed limitation within the 
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field, in categorizing bilinguals and monolinguals dichotomously and comparing both 

groups in their cognitive control performances.  

In examining across behavioral evidence with older adult bilinguals, there is 

evidence to suggest that bilingualism could attenuate the cognitive control effects 

associated with age-related cognitive decline, and support positive cognitive health in 

aging. At the same time, positive outcomes in domain-general cognitive control processes 

have not been consistently observed, challenging previously held views which have 

suggested that lifelong bilingualism could have associated positive effects on cognitive 

aging especially in late adulthood (e.g., Bak, Nissan, Allerhand, & Deary, 2014; Luo, Luk, 

& Bialystok, 2010). To understand the inconsistencies observed across studies, it is 

proposed that other contributing factors such as bilinguals’ contextual and experiential 

factors such as language switching and language use, could also be associated with adult 

bilinguals’ cognitive control (e.g., Dong & Li, 2015; Hartanto & Yang, 2016).  

This thesis attempts to address the need to identify and examine bilinguals’ 

contextual and experiential factors more closely by systematically examining these 

factors, such as language switching and language use, to understand the association with 

cognitive control processes. This thesis will also attempt to address individual differences, 

by examining these within a bilingual population rather than as a dichotomous category, 

to understand how individual variations in bilingualism could be associated with 

cognitive control. This thesis will focus its examination with young adult bilinguals, to 

understand the effects of bilingualism during this period of development. 

1.2.3. Review of Evidence in Young Adulthood 

  The following section will briefly review some evidence for the discrepant 

findings observed in behavioral research with young adult bilinguals (see Chapter Two 

for full review). 
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Within the field, discrepant and null findings associating bilingualism with 

cognitive control have been mostly observed in young adulthood (Adesope, Lavin, 

Thompson, Ungerleider, 2010; Bialystok, 2017; Hilchey & Klein, 2011). Challenges to 

the “bilingual advantage hypothesis” emerged more prominently from research with 

young adult bilinguals (e.g., Paap & Greenberg, 2013). Failure to detect bilingual 

advantages in young adults have been reported in many studies (Antoniou, 2019). This is 

seen in studies that have examined both younger and older adult bilinguals within the 

same study (e.g., Bialystok et al., 2004; 2008; Bialystok, Poarch, Luo, Craik, 2014). In 

these studies, bilingual effects have been more consistently observed in older than young 

adult bilinguals. 

One of the seminal studies examining cognitive effects with young adult 

bilinguals was conducted by Costa and colleagues (2008). In their study, they examined 

young-adult bilinguals, on their attentional control processes in alerting, orienting, and 

executive attention (ANT Task). Results demonstrated that bilinguals were overall faster 

than monolinguals, suffered less interference from incongruent information, experienced 

a reduced cost in switching, and benefitted more from an alerting cue as compared to 

monolinguals. These findings led them to postulate that the influence of bilingualism on 

individuals who are at the peak of attentional control capabilities, could be domain 

general.  

Based on this initial study, Costa and colleagues (2009) proceeded to conduct a 

follow-up study by manipulating the monitoring and cognitive demands of the same ANT. 

Results revealed that while bilinguals and monolinguals performed similarly under low-

monitoring conditions, the bilingual advantage was especially apparent in the condition 

when the monitoring system was maximally recruited (i.e., a mix of 50% congruent and 

50% incongruent trials). However, contrary to their previous study, results from this study 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                   23           

 

did not demonstrate any bilingual advantage in conflict cost measures. As such, the 

authors proposed that the origin of the bilingual advantage might be related to cognitive 

monitoring, which is a process that is needed in bilingual communication.  

However, their findings were partially challenged by Marzecova and colleagues 

(2012). In this study, young adult bilinguals who were similar to the profiles of bilinguals 

in Costa and colleagues’ study (2009) were assessed using the same task with the same 

high monitoring parameters. Results from this study replicated Costa et al. (2008), with 

similar observations for faster response times for the alerting effect, but in contrast it was 

also found that there were no overall advantages in RTs across all trial types. These 

discrepant findings were argued to reflect the mixed state of evidence regarding the 

consistency in replicating bilingual advantages in cognitive control processes (inhibitory 

control and cognitive monitoring) in young adulthood. 

The difficulty in establishing specific bilingual effects in this age group is further 

exhibited in other behavioral studies which failed to find cognitive differences between 

monolinguals and bilinguals on various cognitive control task measures (e.g., Gathercole 

et al., 2014; Paap & Greenberg, 2013; Paap & Sawi, 2014). One of the first few studies 

was conducted by Paap and Greenberg (2013). They reported three studies in which 

young adults who self-identified as monolingual or bilingual, were required to perform 

four non-verbal cognitive control tasks (anti-saccade task, Simon task, Flanker task, and 

color-shape switching task). In all three studies, bilingual advantages were not observed.  

Similarly, Paap and Sawi (2014) found no performance differences between 

proficient bilinguals and monolingual young adults across various non-verbal cognitive 

control measures (anti-saccade task, ANT, Simon task, and color-shape switching task). 

More surprisingly, monolingual advantages were shown on some of those measures, 

reflecting bilingual disadvantages in inhibitory control instead. The authors argued that 
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in spite of considerations taken to ensure that the bilinguals in their study were proficient 

in both languages and acquired both languages early, and that the tasks employed were 

commonly and previously linked with bilingual advantages, their inability to replicate 

any bilingual differences and advantages directly challenge the proposal that bilingualism 

awards cognitive advantages and could present disadvantages instead. Since this initial 

finding, other studies have also consistently failed to find bilingual effects in young adults 

(e.g., Gathercole et al., 2014; Paap, Sawi, & Greenberg, 2015). Findings across these 

studies highlight the discrepant findings associating bilingualism with cognitive control 

in early adulthood. It is also observed that null effects of bilingualism on cognitive control, 

are most observed with this age group (e.g., Anton, Carreiras, & Dunabetia, 2019; 

Antoniou, 2019; Bialystok 2017). 

One of the most commonly cited explanations for this has been attributed to the 

nature of cognitive development. On the other hand, the observed lack of bilingual 

advantages could be “masked’ by various individual differences in bilingual experiences. 

Individual differences such as bilingual competency, environmental exposure to both 

languages, and the use of both languages, could influence the extent of cognitive effects 

observed in early adulthood. It could be that the effects of bilingualism in young 

adulthood, are only more salient when some of these individual differences are 

sufficiently engaged, such that the linguistic and cognitive control systems are heightened 

and taxed. However, less is still known about what these conditions might be, and how 

variations in their engagements, could be associated with cognitive control especially in 

early adulthood. This thesis aims to examine these aspects of bilingual language control 

and its relations with cognitive control in young adult bilinguals. 
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1.2.4. Summary of Evidence for the “Bilingual Advantage Hypothesis” across the 

Lifespan 

In examining across the current body of evidence, it is observed that bilingual 

advantages been more consistently noted in older adults, then children, and least in young 

adults (see Antoniou, 2019; Hilchey & Klein, 2011 for reviews; Paap & Greenberg, 2013; 

Paap, Johnson, & Sawi, 2015). In childhood, there is evidence to suggest that bilingual 

children demonstrate neural and behavioral differences in early cognitive control. 

Bilingualism has also been argued to attenuate factors that are associated with lower 

cognitive control in childhood (e.g., SES). In late adulthood, life-long bilingualism has 

been associated with slower cognitive decline and healthy cognitive aging. These effects 

are especially observed with older adult bilinguals. At the same time, mixed findings with 

bilingual children and older adults have also been observed (e.g., Gathercole et al., 2014; 

Kirk et al., 2014). Discrepant and null findings have been most observed with young adult 

bilinguals (Antoniou, 2019; Bialystok, 2017; Hilchey & Klein, 2011). Based on current 

evidence across the lifespan, the consistency of the “bilingual advantage hypothesis” is 

questioned. In view of this, several factors to account for the current state of findings are 

proposed. These factors serve as a basis for enquiry for this thesis. 

1.3. Proposed Factors Associated with the Current Mixed State of Evidence 

Although current evidence may suggest that there are challenges to the “bilingual 

advantage hypothesis” across the lifespan, there are certain factors and gaps within the 

current literature that could possibly account for the mixed state of findings. Factors such 

as the heterogeneity of bilingual experiences, measurements of cognitive control, and 

measurements of bilingualism have been proposed to account for these mixed findings. 

These factors serve as a basis for further enquiry, and this thesis will attempt to examine 

them more closely. 
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Some possible factors for the lack of consistency are proposed. For example, in 

childhood, it is observed that bilingualism could be associated with other cognitive 

control processes (e.g., selective attention and cognitive monitoring) and not only 

inhibitory control processes (Bialystok, 2017; Carlson & Meltzoff, 2008). There have 

been recent calls proposing that bilingual language control could be associated with 

domain-general cognitive control processes such as attentional control and conflict 

monitoring instead (e.g., Bialystok, 2017). Based on evidence with older adult bilinguals, 

it is proposed that other experiential and contextual linguistic factors such as language 

switching and bilingual competency, which could implicate bilinguals’ language control 

and demand (e.g., Green & Wei, 2014), could also be associated with cognitive control 

processes (Laine & Lehtonen, 2018). It is argued that bilingualism is a heterogenous 

experience (e.g., Hartanto & Yang, 2016; Luk & Bialystok, 2013). However, lesser is 

known about what these factors are and less research has examined how these experiential 

factors might be associated with cognitive control in adults (Laine & Lehtonen, 2018). It 

is suggested that future research should examine these factors, to understand how they 

are associated with bilinguals’ cognitive control processes. 

In young adult bilinguals, discrepant and null findings have been most observed 

(Antoniou, 2019; Bialystok, 2017; Hilchey & Klein, 2011). One of the most commonly 

cited explanations for this has been attributed to the nature of cognitive development. In 

young adulthood, cognitive development is said to be at its peak, and individual variations 

might be observed to a lesser extent (Bialystok, 2017). In early adulthood, the observed 

lack of bilingual advantages could be further “masked’ by various individual differences 

in bilingual experiences. Individual differences such as bilingual competency, 

environmental exposure to both languages, and the use of both languages, could influence 

the extent of cognitive effects observed in early adulthood. It could be that the effects of 
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bilingualism in young adulthood, are only more salient when some of these individual 

differences are sufficiently engaged, such that the linguistic and cognitive control systems 

are heightened and taxed. However, as previously mentioned, there is less research that 

has examined the effects of bilinguals’ experiential linguistic factors on cognitive control 

(Laine & Lehtonen, 2018). As such, recent calls have been made to examine the effects 

of these experiential factors on cognitive control processes in early adulthood. 

Lastly, due to the predominant Inhibitory Control (IC) model (Green, 1998), it is 

also observed that prior studies tend to focus its measures solely on inhibitory control 

outcomes within their research. Fewer studies have examined domain-general cognitive 

control processes within a single research study (see Carlson & Meltzoff, 2008; 

Gathercole et al., 2014; Paap & Greenberg, 2013; 2015 for extensive task measures). It is 

suggested that future research should examine bilinguals across a range of cognitive 

control processes more comprehensively through different task measures, beyond 

inhibitory control (e.g., Bialystok, 2017). 

1.4. Brief Review of The Adaptive Control Hypothesis  

To better understand the factors related to the heterogeneity of bilingual 

experiences and cognitive control, a useful theoretical framework is the Adaptive Control 

Hypothesis (Green & Abutalebi, 2013). This is because the model considers bilingual 

behavior and experiences and specific outcomes on cognitive control processes, and it is 

a widely referenced framework. This section introduces and discusses the Adaptive 

Control Hypothesis, which is the theoretical framework of this thesis. 

Recognizing the limits of inhibitory control as an explanation for bilingual effects 

on domain-general cognitive control processes, the Adaptive Control Hypothesis (Green 

& Abutalebi, 2013) expands from the Inhibitory Control (IC) model. This theoretical 

framework identifies the critical features of bilingual experiences that might engage 
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bilingual language and cognitive control. It identifies language switching to be a key 

aspect of bilingual language control. It proposes that there are two aspects of language 

switching related to bilinguals’ language and cognitive control. One of it is in bilinguals’ 

degree of engagement in linguistically demanding environments, and the other aspect is 

in the type of language switches that are produced. Based on these two aspects, it proposes 

that there are three types of interactional contexts that bilinguals engage in (recurrent 

conversational patterns): Single-Language Context, Dual-Language Context, and Dense 

Code-Switching Context. Each context varies in the demand on language control due to 

the presence (or absence) of both languages, frequency of language switching, and the 

way in which both languages are used. 

In the Adaptive Control Hypothesis (Green & Abutalebi, 2013), eight cognitive 

control processes are identified to be associated with bilinguals’ language control – goal 

maintenance, conflict monitoring, interference suppression, salient cue detection, 

selective response inhibition, task engagement, disengagement, and opportunistic 

planning. The hypothesis further predicts that bilinguals’ engagement in different types 

of interactional contexts modulates the extent to which these eight cognitive processes 

are engaged, and should differentially implicate these cognitive control processes. 

Primary engagement in these contexts should trigger adaptive and distinct changes and 

efficiency in them.  

Further within the hypothesis, it posits that bilingual competency is another factor 

that could interact with and influence bilinguals’ linguistic and cognitive control (Green 

& Abutalebi, 2013). Although the hypothesis does not explicitly define the notion of 

competency, it is assumed to be related to a bilinguals’ ability to speak and communicate 

effectively in their linguistic contexts. Competency, at least at some threshold level, is 

inherent in the concept of bilingualism. It is undeniably one of the core aspects of 
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bilingualism (Dong & Li, 2015; Green & Abutalebi, 2013; Yamasaki, Stacco, & Prat, 

2018). 

With regard to bilingual competency, while it is observed that there is no current 

standard definition, it is commonly defined as a bilingual’s ability to functionally use both 

languages in their day-to-day lives (Rosselli, Ardilla, Lalwani, & Velez-Uribe, 2015). For 

example, according to the American Council of Teaching Foreign Languages (ACTFL, 

2012), bilingual competency is defined as a functional language ability related to the 

practical use of languages in real-world situations. At the same time, bilingual 

competency has also been argued to be defined by bilinguals’ lexical knowledge (e.g., 

vocabulary knowledge) to understand and speak in both languages (e.g., Treffers-Daller, 

2010). Nonetheless, it is generally observed that bilinguals’ language competency is 

defined as the verbal ability to functionally use their two languages for different purposes 

(or domains) in daily life (e.g., Grosjean, 2008). This research will follow this view of 

bilingual competency.  

Specific to the hypothesis, it proposes that variation in bilinguals’ competency is 

likely to affect bilinguals’ linguistic control (e.g., the manner of switching between 

languages) and the demand imposed upon cognitive control processes. The model 

implicitly assumes that a high degree of competency in two languages would enable 

bilinguals to communicate effectively in their interactions and conversational exchanges 

in both their languages. It posits that a high degree of bilingual competency (in both 

languages) is most likely to be associated with increased language and cognitive control 

skills. This echoes the view of high bilingual competency in the Threshold Hypothesis 

proposed by Cummins (1979). According to the Threshold Hypothesis, positive cognitive 

effects are associated with bilinguals who demonstrate a high threshold of competency 

(e.g., knowledge and skill) in both languages. There is behavioral evidence associating 
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cognitive efficiency with bilinguals who are highly competent in both of their languages 

(e.g., Xie, 2018).   

While the Adaptive Control Hypothesis proposes that a high degree of 

competency is likely to be an influencing aspect of bilingual language control, it is 

observed that the model does not distinguish between two separable aspects – competency 

(absolute knowledge in each language) (Cummins, 1976; 1979; Rosselli et al., 2015) and 

balance (dominance or relative difference between languages) (Daller, 2011; Yow & Li, 

2015). As bilingual competency is briefly discussed in the model, its exact role as an 

aspect of bilingual language control within the model, is less understood and warrants 

closer examination. Further, it is unclear if a threshold of balance (i.e., high vs. low 

threshold) is needed, in order for cognitive effects to emerge (Cummins, 1976; 1979).  

Although the Adaptive Control Hypothesis makes directive assumptions and 

predictions, support for the model is currently preliminary and non-conclusive (Antoniou, 

2019; Bialystok, 2017). This is due to only few studies having attempted to examine it 

(e.g., Hartanto & Yang, 2016; Henrard & Van-Daele, 2017; Verryt et al., 2016). This 

leaves much of the model untested. Collectively, the nature of the relationship between 

aspects of bilingual language control – language switching and bilingual competency – 

with cognitive control is still relatively unknown or unclear. 

2. Current Observed Gaps 

Currently there is no consensus to explain the relationship between bilingualism 

and cognitive processing nor its bounds (e.g., whether and when an advantage exists) (e.g., 

Donnelly, Brooks, & Homer, 2019). This research marks an important step towards 

examining the cognitive relationships associated with different aspects of bilingual 

language control, through the Adaptive Control Hypothesis. More broadly, it tackles the 

current state of mixed and inconsistent findings related to the “bilingual advantage 
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hypothesis”. Based on the aforementioned observations discussed above, this section will 

briefly highlight six key gaps. The first three gaps are theoretically-related, and the other 

three are methodologically-related.  

2.1. Theoretical Gaps 

The first gap relates to the effects of bilingualism on cognitive development, 

where inconsistent findings are particularly observed with young adult bilinguals. The 

second gap is that there is less consensual knowledge regarding the aspects and 

experiences of bilingual language control, and how they might be associated with 

cognitive control. The third gap concerns the Adaptive Control Hypothesis, where 

support for the model is preliminary and inconclusive.  

2.2. Methodological Gaps  

The fourth gap concerns the relatively fewer studies that have examined within-

bilingual populations. The fifth gap is related to current measures of cognitive control 

processes, where a more comprehensive approach in measuring domain-general cognitive 

control processes is currently lacking, and should be undertaken. The last gap pertains to 

current methodological limitations in how bilinguals are measured in their language 

competencies and behaviors (i.e., poor ecological validity). 

3. Aim of Thesis 

The overarching aim of this thesis is to examine the recent challenges of the so-

called “bilingual advantage hypothesis”, through the Adaptive Control Hypothesis (Green 

& Abutalebi, 2013). It examines the relationship between two key aspects of bilingual 

language control: language switching and bilingual competency, with cognitive control 

in early adulthood. It seeks to close the six gaps through its research questions and 

methodological approaches.  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                   32           

 

To that, three separate studies were conducted to examine language switching and 

bilingual competency systematically. This overall methodological approach seeks to tease 

these aspects apart, and closely examine their respective associations with domain-

general cognitive control processes. In doing so, this thesis will also attempt to examine 

the assumptions and predictions of the Adaptive Control Hypothesis.  

To address other methodological gaps, the studies in this research also improve 

on previous research by including both objective (e.g., verbal fluency tasks, language 

switching tasks) and subjective measures (e.g., self-report) of bilinguals’ language 

competencies and language switching behaviors. Bilingual competency was quantified 

through multi-dimensional approaches using subjective and objective measures. To 

measure bilinguals’ naturalistic language switching behaviors, objective and ecologically 

valid language switching tasks were created to experimentally capture them. Lastly, this 

study measured a range of cognitive control processes (i.e., goal maintenance, conflict 

monitoring, interference suppression, selective response inhibition, and task engagement 

and disengagement), in both verbal and non-verbal domains. These cognitive control 

processes were selected based on the proposed predictions made within the Adaptive 

Control Hypothesis (Green & Abutalebi, 2013), based on past studies which have 

examined cognitive control in bilinguals (e.g., Bialystok 2010; Blumenfeld & Marian, 

2014; Hofweber, Marinis, & Treffers-Daller; 2016; 2019; Lehtonen et al., 2018), and 

based on widely used measures of cognitive control performance (Rubin & Meiran, 2005). 

4. Context of Current Thesis 

Across all three studies, a within-group approach was taken. All participants were 

young adult English-Mandarin bilinguals, living within a bilingual population 

(Singapore). Singapore, which has chosen itself to be a multilingual state, has a unique 

bilingual educational policy in that all children who undergo the public educational 
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system are required to study two of the official languages (Dixon, 2009). English is the 

official language, while Tamil, Malay, and Mandarin are considered official “Mother 

Tongues” of the major ethnic groups. Singaporeans are encouraged to be proficient in 

both English and their mother tongue (e.g., Mandarin, Malay, Tamil etc.). Singapore is 

unique as the majority of the population is considered to be bilingual from an early age. 

Accordingly, this unique language environment provides researchers with an interesting 

milieu in which the benefits and effects of bilingualism can be more closely examined 

and understood. Bilinguals in this research are varied in their language histories, 

competencies, and use. In doing so, this study attempts to understand the effects of 

bilingualism on cognitive development, by examining how individual variations in 

various aspects of bilingualism may influence cognitive control processes, at an age-range 

where cognition is said to be at its peak. 

5. Significance of Thesis 

A significant aspect of this research is the attempt to systematically tease apart the 

bilingual control aspects of language switching and bilingual competency, and to examine 

their influence on different domains of cognitive control and cognitive control processes 

in young adult bilinguals. By examining with this age group, this study informs us of the 

relationship between bilingualism on cognitive development, and furthers our current 

understanding of their interaction throughout lifespan development. By distinguishing 

and examining these two aspects of bilingualism separately, findings from this research 

contributes to developing a more fine-grained understanding of the relation between 

specific aspects of bilingual language control and their distinct effects on cognitive 

control processes. This will strengthen the field’s current lack of a well-specified 

understanding of the cognitive control processes that are engaged in bilingualism (see 

Laine & Lehtonen, 2018 for review).  
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Relatedly, another significance of this research is in the examination of the 

Adaptive Control Hypothesis. Although the model is widely referenced and is useful in 

providing testable predictions, it is observed that research supporting the claims from this 

model are preliminary (Bialystok, 2017; Blanco-Elorietta & Plykannen, 2017; Hartanto 

& Yang, 2016). This study is important in its attempt to address recent calls to examine 

the model’s assumptions and predictions more thoroughly (Antoniou, 2019; Bialystok, 

2017). This is important in building up the field with stronger theoretical grounds in 

understanding the nature of the relationship between key aspects of bilingual language 

control and cognitive control.  

By examining verbal and non-verbal domains of cognitive control, this research 

is also significant in informing our current understanding of the unity and diversity of the 

cognitive control network (see Miyake & Friedman, 2012 for review). This contributes 

to existing theoretical knowledge with regard to the interaction that occurs between 

language and cognition and could demonstrate the uniqueness of bilingualism in its 

engagement with this network of processes. By comprehensively examining a broad 

range of cognitive control processes, this research is key in informing current discussions 

that seek to examine the extent of the “bilingual advantage hypothesis” on this network, 

regarding the cognitive control processes that are associated with bilingualism (see 

Bialystok, 2017 and Laine & Lehtonen, 2018 for reviews).  
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6. Overview of Research Questions and Hypotheses 

This section introduces the overall structure of this dissertation. It also discusses 

the aims of each of the three studies, and their respective research questions and 

hypotheses. 

6.1. Chapter Two – Review of the Literature 

In this chapter, an extensive review of the current field is conducted. It focuses on 

discussing current approaches in understanding bilingualism and cognitive control 

processes, and the interaction between bilingual language control and cognitive control 

in early adulthood. This chapter also details the Adaptive Control Hypothesis. It reviews 

current evidence related to the two key aspects of the model - language switching and 

bilingual competency, and the association with cognitive control. Finally, key 

observations and gaps pertaining to the current literature are highlighted.  

6.2.Chapter Three – Examining the Relative Effects of Bilingual Language Control 

on Cognitive Control Processes 

This chapter focuses on the first research question addressed with Study One 

(Comparison Study). The first study seeks to close current gaps through a collective 

comparison of the relative effects of language switching engagements and various aspects 

of bilingual competencies on cognitive control processes. 

 Research Question One: What are the relative effects of dual-language 

context engagement and language competencies with cognitive control processes?  

It is hypothesized that the cognitive control effects associated with dual-language 

context and language competencies are broad given the overlap in neural networks – 

across both verbal and non-verbal domains of cognitive control. Alternatively, the effects 

may just extend to verbal or non-verbal control processes. This will be determined with 
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two separate analyses (1a and 1b) to evaluate the effects on verbal and non-verbal 

cognitive control processes, respectively.  

Research Question 1a: What are the relative effects of dual-language context 

switching and language competency on verbal cognitive control processes?  

Both dual-language context switching and language competency are expected to 

contribute significantly to verbal cognitive control. There is no hypothesis about which 

will show a greater contribution, because this is the first study to examine both within one 

model. For dual-language context switching, following from the Adaptive Control 

Hypothesis, it is hypothesized that increased frequency of engagement in dual-language 

context switching may lead to greater efficiency across all verbal cognitive control 

processes of goal maintenance, interference control (conflict monitoring and interference 

suppression), selective response inhibition, and task engagement and disengagement 

(Abutalebi & Green, 2016; Green & Abutalebi, 2013).  

With regard to language competencies, it is hypothesized that these may be 

associated with all verbal cognitive control processes (Blumenfeld & Marian, 2014; Yow 

& Li, 2015). This is proposed to be due to the semantic nature of language competencies, 

where linguistic competition arises due to lexical co-activation and interference between 

language representations (Green, 1998).  

Research Question 1b: What are the relative effects of dual-language context 

switching and language competency on non-verbal cognitive control processes?  

It is hypothesized that increased frequency of engagement in dual-language 

context switching may lead to greater efficiency across all non-verbal cognitive control 

processes (Abutalebi & Green, 2016; Green & Abutalebi, 2013). The main hypothesis 

tested here is that language switching may also be related with these processes in both 
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verbal and non-verbal domains. This is due to the overlap in neural networks involved in 

language and cognitive control (Weissberger et al., 2015).  

It is hypothesized that bilinguals’ language competencies may be less associated 

with non-verbal cognitive control processes (Blumenfeld & Marian, 2014). Due to the 

semantic nature of language competencies, this aspect of bilingual language control might 

be specifically associated with verbal and not non-verbal cognitive control.  

6.3. Chapter Four – Examining the Relationship between Language Switching and 

Cognitive Control 

  This chapter focuses on research questions two, three, and four addressed in Study 

Two (Language Switching Study). Because of the key role attributed to bilingual 

language switching for cognitive control, this study examined more closely the three 

interactional contexts that are proposed within the Adaptive Control Hypothesis model. 

It focuses on examining language switching experience and behavior, to determine the 

validity of the three contexts. An aim of this study was to examine the model’s 

assumptions and associations of language behaviour and cognitive control performance 

of bilinguals. 

Research Question Two: Do bilinguals vary in their engagement in the three 

interactional contexts described by the Adaptive Control Hypothesis?  

Based on the Adaptive Control Hypothesis, it is hypothesized that bilingual 

individuals will differ in terms of the type of interactional contexts in which they 

primarily engage: differentiating between patterns of single language context, dual-

language context, or dense code-switching context. This is examined using self-reported 

and observed behavioral measures of language switching. It is predicted that self-reported 

interactional contexts will be systematically related to task-induced language switching 

behaviors.  
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It is proposed that language use is in a competitive relationship for both the single-

language context and dual-language context Green & Abutalebi, 2013). This means that 

frequent engagement in these contexts is expected to be associated with more natural 

production of controlled types of language switches (inter-sentential switching). This is 

hypothesized especially for the dual-language context, where bilinguals are proposed to 

switch between their languages within conversations, but not within utterances (intra-

sentential switching). For the dense code-switching context, primary involvement in this 

context is expected to demonstrate more intra-sentential switching. These predictions are 

based on the language control outcomes proposed within the Adaptive Control 

Hypothesis. 

An alternative hypothesis is that there may not be distinct sets of individuals who 

have primary engagement in one context, but rather there may be fluidity in the types of 

bilingual’s linguistic environments, where individuals traverse in and out of different 

contexts in their daily lives. Due to the prevalence of bilinguals and presence of multiple 

languages in a multilingual population, situations with both dual-language context and 

dense code-switching context might arise. In this case, differences may not be observed 

between bilinguals in terms of their language switching behaviors even if they report a 

primary engagement context. 

Research Question Three: What is the relationship between bilinguals’ 

primary engagement in certain interactional contexts with verbal and non-verbal 

cognitive control? 

It is hypothesized that bilinguals’ primary engagement in a dual-language context 

will demonstrate greater efficiency across all verbal and non-verbal cognitive control 

processes. This is based on the Adaptive Control Hypothesis, which specifically 

associates cognitive efficiency in terms of faster reaction times and smaller cognitive 
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costs (advantage) in verbal and non-verbal cognitive control measures across all cognitive 

control processes of goal maintenance, interference control, selective response inhibition, 

task engagement and disengagement. 

Research Question Four: What is the relationship between bilinguals’ 

observed language switching behaviors with verbal and non-verbal cognitive control?  

It is hypothesized that controlled types of language switches (i.e., alternating word 

switching and inter-sentential switches) will be associated with greater cognitive control 

efficiency. These associations are based on the view that language switches such as inter-

sentential switching, involve greater cognitive control due to greater language separation 

and necessitated control needed to suppress non-target varieties (Green & Abutalebi, 

2013; Green & Wei, 2014; Hartanto & Yang, 2016; Muysken, 2000).  

6.4. Chapter Five – Examining the Effects of Bilingual Competency on Cognitive 

Control 

This chapter focuses on research question five addressed in Study Three 

(Bilingual Competency Study). This study examined differences between bilingual 

individuals with high versus low bilingual competency, while controlling for relative 

balance, in terms of their verbal and non-verbal cognitive control processes 

Research Question Five: How do high-competent and low-competent 

bilinguals who are matched for relative balance, differ in their verbal and non-

verbal cognitive control efficiency? 

It is hypothesized that bilinguals with high bilingual competency will demonstrate 

greater efficiency in their cognitive control processes as compared to low-competent 

bilinguals. This is based on the assumption that cognitive control is maximally applied 

when lexical co-activation is high due to strong competition between both languages and 

high overlap in language representations (large shared knowledge) (Abutalebi and Green, 
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2008; Bialystok, 1993; Cummins, 1979; Meuter and Allport, 1999). Alternatively, if only 

a minimum threshold of competency requires cognitive control between languages then 

cognitive control may be enhanced regardless of competency level for balanced bilinguals.  

6.5. Chapter 6 – Overall Discussion of Thesis and Future Directions 

 This final chapter discusses key findings and observations across these entire 

overall research studies. It also highlights its contributions and limitations, and it 

concludes with future directions and an overall summary. 

Thus, the overall aim of this thesis is to examine the recent challenges of the so-

called “bilingual advantage hypothesis”, through the Adaptive Control Hypothesis (Green 

& Abutalebi, 2013). It examines the relationship between two key aspects of bilingual 

language control: language switching and bilingual competency, with cognitive control 

in early adulthood. In doing so, it aims to examine the relationship between these aspects 

of bilingual experiences with cognitive control, through a systematic examination of an 

important theoretical framework.  

The next chapter (Chapter Two) is an extensive review of the current literature. 

The review is aimed to provide a detailed background to the bilingual-cognition 

interaction, the observed challenges to the “bilingual advantage hypothesis” particularly 

in young adulthood, and some reasons that might account for these challenges. It also 

discusses the Adaptive Control Hypothesis, which is the framework for this research. It 

reviews behavioral evidence for two key aspects of bilingual language control – language 

switching and language competency. Chapter Two will close with a discussion of 

observations of the current literature, and identify gaps related to these observations. 

These gaps serve to provide a justification to this thesis. 
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Chapter 2 – Review of Current Literature 

This chapter is an extensive review of the current field and serves to provide a full 

background for this research. Firstly, it focuses on defining bilingualism and cognitive 

control. Next, it reviews behavioral evidence for the bilingual-cognition interaction and 

discusses the current controversy surrounding the “bilingual advantage hypothesis”. The 

review will focus on behavioral evidence of young adult bilinguals (Chapter One reviews 

evidence with children and older adults). Thereafter, it discusses behavioral evidence 

regarding the cognitive effects of language switching and bilingual competency, and 

reviews the Adaptive Control Hypothesis. Lastly, observations and current gaps are 

identified to justify the purpose of this research. 

1. Definition of Bilingualism 

While there is a general consensus that bilinguals are individuals or groups of 

people who have the knowledge of more than one language and are users of these 

languages (Butler & Hakuta, 2004), no agreed-upon definition of bilingualism has been 

achieved to date. This is due to the complexity of bilingualism, which involves the 

dynamic interaction of psychological, linguistic, and socio-cultural dimensions. 

Accordingly, the specifics on what it means to be a bilingual is inconsistently defined and 

widely contested. A review of existing literature has reflected a myriad of definitions, 

with different researchers adopting different classifications depending on which 

dimension of bilingualism is in focus.  

One commonly held view is that bilinguals are broadly defined as individuals or 

groups of people who have acquired the knowledge of two languages, use both languages 

consistently, and are similarly fluent in the usage of them (Hamers & Blanc, 2000). Such 

views echo other researchers such as Bloomfield (1933), who defined bilinguals as 

individuals with native-like control of two languages. This view implies that bilinguals 
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must be able to use both languages perfectly, and that the usage of both languages are of 

equal constancy and proficiency.  However, such a view assumes that bilinguals attain 

perfect communicative abilities in both languages. Further, this narrow definition not only 

limits and restricts the individuals and/or groups who might be considered as bilinguals, 

it also raises other operational difficulties such as concepts of “native-like fluencies” and 

“equal proficiencies” (Hakuta & Butler, 2004).  

This has led many researchers to advocate for broader definitions. It is proposed 

that bilinguals should not be thought of as the sum of two monolinguals (Grosjean, 1989), 

and bilinguals should include individuals and groups who have various degrees of 

proficiency in both languages (e.g., Butler and Hakuta, 2004; Macnamara, 1967a; 

Mohanty and Perregaux, 1997; Valdes and Figueroa, 1994). The adoption of broader 

views is advantageous as it incorporates the developmental processes of bilingual 

acquisition and includes individuals with various degrees of usage and proficiency in both 

languages. As such, one of the most widely and currently accepted definition is that 

“bilinguals are individuals or groups of people who obtain communicative skills, with 

various degrees of proficiency, in oral and/or written forms, in order to interact with 

speakers of one or more languages in a given society” (Butler & Hakuta, 2004; Lim et al., 

2008). Thus, this paper will adopt a similar definition of bilingualism.  

Keeping in mind this broad view, some important individual characteristics of 

bilingualism include: the age and sequence at which languages are acquired 

(simultaneous vs. sequential bilingual), the age of bilingual exposure, the level of 

proficiency attained per language (e.g., highly vs. inadequately competent; native-like 

fluency vs. little to no knowledge; superior vs. novice), the relative proficiency of known 

languages (balanced vs. dominant), and the contexts in which languages are used 

(separately or together). Various competencies show an impact of some of these 
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characteristics, including both language specific competencies such as verbal fluencies 

and domain general competencies such as cognitive control. 

2. Cognitive Control Processes 

Cognitive control (also called executive functions or executive control) has been 

commonly recognized as an umbrella of top-down mental processes needed when one has 

to concentrate and pay attention, hold information in mind, and inhibit automatic or 

instinctive thoughts and behaviors (Diamond, 2013; Burgess & Simons 2005, Espy 2004, 

Goldstein, Naglieri, Princiotta, & Otero, 2014; Miller & Cohen 2001). One of the most 

prominent and seminal frameworks associated with the study of executive functions is 

Baddeley’s (1986) multicomponent model of working memory. The model includes three 

components. Two of these components – the phonological loop and visuospatial 

sketchpad – are involved in the maintenance of speech-based and phonological 

information and visual information, respectively.  In addition to these two “slave” systems, 

the model also suggests a central control system called the central executive. This is the 

system that is proposed to be responsible for the control and regulation of cognitive 

processes (i.e., executive functions). Baddeley (1986) also proposed that Norman and 

Shallice’s (1986) Supervisory Attentional System (SAS), which is a model of attentional 

control, may be associated with the central executive system. The central executive 

system has been linked to frontal lobe engagements (Miyake et al., 2000).  

Within the central executive system, there is a general consensus that cognitive 

control is comprised of three core components: updating and monitoring of working 

memory (working memory), shifting between mental task sets (cognitive shifting or 

cognitive switching), and inhibition of dominant or prepotent responses (inhibition) 

(Diamond, 2013; Miyake et al., 2000). These components share a common functionality 
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which is to aid in the selection and control of goals and information related to task 

performance (Diamond, 2013; Miyake et al., 2000; Miyake & Friedman, 2012).   

According to Miyake and colleagues (2000), working memory relates to the 

updating of information that requires monitoring and coding incoming information for 

relevance to the task at hand, and appropriately revising items by replacing old and no 

longer relevant information with newer and more relevant information. It requires the 

dynamic and temporal manipulation of relevant information, to keep track of which 

information is old and no longer relevant. It is proposed that this updating function 

(working memory) is more than the maintenance of task-relevant information, as it 

requires the active monitoring and manipulation of task relevant information, rather than 

the passive storage of information. Working memory has been associated with frontal 

lobe engagement (Miyake & Friedman, 2012).  

Cognitive shifting, also commonly referred to as task-switching or cognitive 

(attentional) switching, involves shifting between multiple tasks, operations, or mental 

sets (Monsell, 1996; Miyake & Friedman, 2012; Miyake et al., 2000). This function 

involves the disengagement of irrelevant task sets and subsequent active engagement of 

a relevant task set. However, it is proposed that shifting abilities are more than task 

engagement and disengagement. Instead, it involves the ability to perform new task 

operations in the face of proactive interference. Cognitive shifting has been primarily 

observed to engage the frontal lobes, especially that of the anterior cingulate network 

(ACC).  

Lastly, inhibition involves the inhibitory control of pre-potent responses. It is the 

ability to deliberately inhibit and control automatic, dominant, or pre-potent responses 

when necessary. There are two aspects of inhibition. One aspect, interference control, 

enables one to selective attend, focus, and suppress attention to other stimuli (Diamond, 
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2013). The other aspect of inhibition, cognitive inhibition, involves the suppression of 

extraneous or unwanted thoughts, and resistance of pro- and retroactive interference. 

Inhibitory control has been shown to implicate the prefrontal cortex in particular (Miyake 

& Friedman, 2012). It has also been argued that higher-order executive processes such as 

reasoning, problem solving, and planning are built upon these basic core processes (as 

cited in Diamond, 2013; Collins & Koechlin 2012, Lunt et al. 2012). 

According to Miyake and Friedman (2012), these cognitive control processes 

function as an integrated set of networks, in that they are united yet distinct and diverse 

in utility. These three different executive control processes have been found to correlate 

with one another, meaning they tap on some common underlying ability (unity). At the 

same time, they also show distinction (diversity) because their inter-correlations are only 

moderate.  

Current evidence from neuroscience lends support to these behavioral 

observations. The unity of functions is supported from evidence that there are common 

cerebral areas involved in the running of different executive processes. All three cognitive 

control processes commonly and systematically activate the prefrontal cortex, particularly 

that of the middle and lateral PFC (DLPFC), the anterior cingulate cortex (ACC), and the 

parietal cortex. These neuroscience findings are consistent with Miyake and colleagues’ 

(2000; 2012) proposal of a complementing unitary system, and that executive control 

processes are common in the selection and control of goal and contextual information 

related to task performance. On the other hand, specific functions are also related to 

activation of circumscribed cerebral areas, attesting to the diversity of these executive 

processes. For example, the shifting process is associated more heavily with posterior 

parietal areas than with the prefrontal areas, whereas inhibition specifically implicates the 

right orbitofrontal gyrus and the frontal gyrus, areas that are involved in the suppression 
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of irrelevant responses and resolution of conflict processes. These reports suggest that the 

parietal areas play a more basic functional role in shifting and underlie cognitive 

processes that are less strategic than those of the prefrontal regions, while the prefrontal 

regions facilitate conflict control proficiencies. Collectively, these neuroimaging studies 

support the view that there is unity and diversity to the executive control network. 

2.1. Commonly Used Measures for Cognitive Control Processes 

Individual differences in cognitive control are assessed with a set of typical tasks 

that tax these control processes. While the executive control network is comprised of three 

core components (i.e., working memory, cognitive switching, and inhibitory control), this 

section will focus the review on commonly-used tasks that have been previously 

associated with bilingual cognitive control and bilingual cognitive research – inhibitory 

control and cognitive switching (e.g., Green, 1998, Bialystok, 2009; 2017), and are 

relevant to this research (e.g., goal maintenance, interference control: conflict monitoring 

and interference suppression, selective response inhibition, task engagement and 

disengagement) (Green & Abutalebi, 2013). Common tasks for measures of inhibitory 

control include the Stroop task, the Global-Local task, the Flanker and Simon task. 

Common measures of cognitive switching include the Wisconsin Card Sorting Task, the 

color-shape switching task, and the number-letter task. Measures of task performance 

typically include behavioral measures of accuracy, reaction times (RTs), and cognitive 

costs (e.g., conflict effect, Stroop effect, switching and mixing costs). 

2.1.1. Inhibitory Control  

Tasks measuring inhibitory control and conflict resolution typically involve trials 

and conditions in which top-down control processes are involved to inhibit prepotent 

tendencies and do the opposite instead. Tasks typically require participants to ignore 
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distracting and conflicting information (e.g., incongruent), resolve this cognitive conflict, 

and respond according to specific rules.  

One of the most frequently used paradigm is the verbal Stroop (1935) task. It is 

proposed to examine prepotent response inhibition, which is the ability to suppress 

dominant, automatic, or prepotent responses (Miyake et al., 2000). For all trial types, 

participants are required to respond according to the color of the font instead of the word, 

and respond to a designated key. There are three types of trials based on four colors – red, 

yellow, green, and blue: (a) neutral trials with a color block in one of the four colors, (b) 

congruent trials with a color word printed in the same color (e.g., blue printed in blue), 

and (c) incongruent trials with a color word printed in another color (e.g., red printed in 

yellow). In the incongruent trials, participants have to inhibit the distracting information 

and focus only on the color of the font, and responses tend to be slower and less accurate. 

In the Stroop task, it involves the reading of color words which implicates linguistic 

demands, and incongruency stems from the semantic or cognitive properties of the stimuli. 

As such, conflict resolution is resolved linguistically. Average reaction times (RT) across 

both congruent and incongruent trials are typically used to measure cognitive monitoring 

processes (global RTs). Global RTs is proposed to reflect the cost of monitoring, 

searching and identifying cues that signal the need for changes in inhibitory control 

(Donnelly, Brooks, & Homer, 2015). Reaction time (RT) differences between 

incongruent and congruent conditions are typically used to measure conflict resolution 

abilities, and is commonly known as the Stroop effect. Larger differences between these 

conditions have been proposed to assess proficiencies in conflict resolution. 

Another task that involves inhibitory control processes and the resolution of 

conflict is the non-verbal Global-Local task (Navon, 1977; Bialystok, 2010; 2017). This 

task that has been used to assess the ability to inhibit attention to salient aspects of 
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perceptual displays (Navon, 1977). The task typically demonstrates dominance of 

attending to global shapes rather than compositional details of spatial patterns. In this task, 

participants are shown a global stimulus (e.g., shapes such as squares or circles) that is 

constituted from smaller letters or shapes that are either the same as (congruent) or 

different from (incongruent) from the larger letter or shape. Potential conflict between the 

two levels are observed in that they are created from the same set of forms, thus, 

increasing processing demands. It has been found that the global images tend to be 

processed faster and more accurately than local ones. Attentional inhibitory control is also 

required to shift between the focus of global or local images, and monitoring and 

switching demands are further implicated when images are congruent or incongruent. 

Participants are tasked to identify either the global or local stimulus depending on the 

condition. Similar to the Stroop task, RTs and accuracy rates are measured as indices of 

task performance. Reaction time (RT) differences between incongruent and congruent 

conditions are also typically used to measure the conflict effect. Aside from attentional 

control, adaptations of this task have also been used to measure cognitive switching 

(Bialystok, 2017). 

                                               

Figure 1. 

Sample of stimuli used in the trial types of the global-local shape paradigm. Task stimuli 

was designed by the candidate. 

 

Other commonly used tasks to measure non-verbal inhibitory control and conflict 

resolution processes are the Erikson Flanker task (1974) and the Simon task (Simon & 

Ruddell, 1967). Both tasks are similar in the presentation of visually distracting and 
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conflicting information, and participants are required to exercise motoric inhibitory 

control and conflict resolution. In the Flanker task, participants are presented with 

congruent trials (    ) and incongruent trials (    ) and are asked to 

focus only on the central arrow. Participants have to press a left key for a left pointing 

central arrow and a right key for a right central arrow. Responses tend to be slower and 

less accurate for incongruent than congruent conditions, due to the need to resolve the 

conflict between the target and flankers. In the Simon task, response conflict arises by 

varying the irrelevant stimulus dimension arrow location (right, left) and the response 

dimension (right key, left key) to be either congruent or incongruent. In this task, 

participants press a right key to respond to a blue-colored square or a left key to respond 

to a red-colored square. In an incongruent condition, the blue square (right-key) appears 

on the left side of the screen, or the red-colored square (left-key) appears on the right. In 

the congruent condition, the stimulus appears on the same side as the response. The Simon 

effect refers to the finding that individuals typically have faster RTs in congruent trials 

and longer RTs in incongruent trials due to the need to resolve interference from 

perceptual conflict in the latter trial types. 

2.1.2. Cognitive Switching 

To assess cognitive switching, task-switching or set-shifting paradigms are 

typically used. These paradigms measure one’s cognitive ability to flexibly adjust, switch, 

and alternate based on changing demands of the tasks, rules, or goals. According to 

Rogers and Monsell (1995), the control of task-sets is seen in the ability to configure 

processing resources to perform one rather than another cognitive task that a stimulus 

affords. The stimuli in task-switching tasks are usually bivalent, in that, they have a 

feature relevant to each of the two tasks, and the correct response for one task is incorrect 

for the other. Participants have to respond by pressing a key on the left or right, with each 
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key mapped to one feature of the task. The oldest of these is the Wisconsin Card Sorting 

Task (WCST) (Milner, 1964, Stuss et al., 2000; as cited in Diamond, 2013). Each card 

can be sorted by either color, shape, or number, and the task requires participants to 

deduce the correct sorting criterion based on feedback and flexibly switch sorting rules 

when feedback is given regarding the change in criterion. 

Other commonly used tasks for task-switching are the number-letter task (Monsell, 

2003; Yow & Li, 2015) and the color-shape task (Allport & Wylie, 2000; Hartanto & 

Yang, 2016). In the number-letter task, participants have to indicate whether (a) a letter 

is a vowel or consonant, and (b) a number is even or odd based on a given cue that 

precedes the stimulus. Depending on the task criterion that is cued prior to each trial, 

participants have to respond by pressing a response key mapped to the task (left or right 

key). In the color-shape switching task, participants have to respond to either the color 

(e.g., red or green) or shape (circle or triangle) of a target, based on the given cue (color 

gradient or a row of black shapes). Both tasks are purported to measure efficiency in 

inhibiting and attentional switching between tasks with various task-sets. 

Mixing and Switching Costs. In task-switching paradigms, performance in 

blocks of repeated trials are typically compared with performance in blocks in which 

participants switch between two different tasks (Rubin & Meiran, 2005). RTs and 

accuracy are commonly used as measures of task-switching efficiency. More recent 

paradigms have included mixed blocks in which tasks are randomly presented and are 

cued by instructional cues.  

The two main measures, switching cost and mixing cost, have been argued to 

reflect cognitive costs (also known as alternation cost), which occurs due to task 

switching demands. Switching costs is calculated as the difference in performance 

between switch and repetition trials (in mixed blocks), and mixing costs is the difference 
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between trial types in mixed-task blocks and single-task trials in pure blocks. There is a 

general acknowledgement that switching and mixing costs reflect different control 

processes. Switching costs are proposed to relate to specific or transient control 

mechanisms, while the mixing cost may be more reflective of global control mechanisms 

or sustained control processes such as cognitive monitoring (Braver, Reynolds, & 

Donaldson, 2003; Rubin & Meiran, 2005).  

Findings from neuroimaging studies have demonstrated that different brain 

regions are implicated depending on the presence of sustained or transient activity of 

executive processes (e.g., Christoff & Gabrielli, 2000; Miyake & Friedman, 2012). This 

suggests that different neural functions are associated with managing executive control 

processes that differ in whether the task requires greater sustained monitoring or taxes on 

more fleeting cerebral activity. Transient aspects of the shifting process (switching costs) 

were observed in the left dorsolateral prefrontal cortex, the left ventrolateral prefrontal 

cortex, and the left superior parietal region. Brain regions sensitive to the sustained 

aspects of shifting (mixing costs) were the ACC, the right medial anterior prefrontal 

cortex, and the right lateral anterior prefrontal cortex. Sustained activation of the right 

prefrontal cortex was attributed to the maintenance of heightened cognitive control over 

a period in situations that require rapid and flexible alternation between different tasks. 

On the other hand, transient activity in the lateral prefrontal cortex may be activated in 

managing internal representation and maintenance of task-set information, and activation 

of the parietal cortex might reflect processes related to online reconfiguration and 

updating of task-set information following a switch. This pattern of differential neural 

activation supports the distinctiveness of transient and sustained cognitive control 

processes supported by different cerebral areas. 
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In summary, the aforementioned tasks have been commonly used in the field to 

examine executive control processes and have also been previously associated with the 

bilingual experience. Across different tasks, verbal (e.g., words, letters, numbers etc.) or 

non-verbal information (e.g., visuo-spatial, perceptual, colors, shapes) is presented. Task 

demands such as conflicting information and cognitive load are also varied (e.g., 

congruent vs. incongruent trials), and task performance is typically reflected through 

behavioral outcome measures such as accuracy, reaction times (global or overall RTs), 

and cognitive costs (e.g., Stroop effect, conflict effect, mixing and switching costs). 

Performance on these tasks are argued to reflect efficiency in cognitive control processes. 

2.1.3. Cognitive Control Processes and Cognitive Task Measures of this Thesis 

For this thesis, the verbal Stroop task and non-verbal Global-Local task were used 

to examine verbal and non-verbal cognitive control, respectively. These tasks were 

selected due to their similarity of cognitive processing demand (stimulus-stimulus 

inhibitory control). In both of these tasks, it is proposed that potential cognitive conflict 

occurs between the two levels that are created from the same set of forms (e.g., words and 

shape) (Bialystok, 2010; Blumenfeld & Marian, 2014).  It is proposed that stimulus-

stimulus inhibition is likely to be recruited for bilingual language processing in both 

comprehension and production, and refers to conflict that occurs between co-activated 

language representations that has to be resolved (Blumenfeld & Marian, 2014). The 

selection of both tasks were based on the relevancy of the type of cognitive control 

processes that they engage in relation to bilingual language control. In both the verbal 

Stroop task and non-verbal Global-Local task, the need for cognitive control processes 

such as inhibitory control, cognitive monitoring, and cognitive switching are necessitated. 

However, their differences lie in the nature of the stimulus (verbal vs. non-verbal), which 

might implicate different domains of cognitive control. This thesis seeks to examine the 
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association between bilingual language control with verbal and non-verbal cognitive 

control processes separately to determine more precisely the nature of this relationship.  

For this thesis, the verbal Stroop task was used to investigate verbal cognitive 

control. It was selected as it is proposed to measure prepotent response inhibition, and 

has been previously associated with bilingual advantages (e.g., Bialystok et al., 2008; 

Yow & Li, 2015). It measures verbal cognitive control as the task involves verbal 

elements within it (i.e., semantic and linguistic stimuli).  

While bilingual efficiency in verbal cognitive processing and control might be 

expected (e.g., Green, 1998; Green & Wei, 2014), bilingual efficiency might also be 

extended to non-verbal domains of cognitive control (Bialystok, 2010; Singh & Mishra, 

2013). Past evidence has associated bilingual efficiency in visual information processing 

tasks such as the Global-Local task (Bialystok, 2010), Flanker task (Hofweber, et al., 

2020), Simon task (Bialystok et al. 2004), ANT task (Costa et al., 2008; 2009), and the 

color-shape task (Hartanto & Yang, 2016). In all of these non-verbal tasks, the stimulus 

and conflict are perceptual and spatial in nature. Unlike the verbal Stroop task, which 

involves words (verbal), the stimuli in non-verbal tasks are in non-linguistic forms (non-

verbal).  

For this thesis, the non-verbal Global-Local task was used to investigate non-

verbal cognitive control. It is proposed to measure non-verbal inhibitory control as 

individuals have to shift between the focus on global and local images (Bialystok, 2010; 

2017). Non-linguistic forms (i.e., shapes) were used for these images (Figure 1). 

Cognitive monitoring and switching demands are also implicated because the stimuli can 

be either congruent or incongruent. Individuals are tasked to identify either the global or 

local stimulus, depending on the task condition.  
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This thesis seeks to examine verbal and non-verbal cognitive control processes 

through the Adaptive Control Hypothesis (Green & Abutalebi, 2013) (see section: The 

Adaptive Control Hypothesis for detailed explanation of cognitive control processes). 

The model identifies various cognitive control processes that are implicated during 

bilingual language control. This research identifies and examines these key cognitive 

control processes based on the model – goal maintenance, interference control: conflict 

monitoring and interference suppression, selective response inhibition, and task 

engagement and disengagement.  

The cognitive control processes and respective task measures were selected and 

operationalized to align closely with the model. The operational definition for each 

measure were chosen based on (1) the propositions of the model, (2) previous findings 

that report bilingual associations with each of these respective cognitive control processes 

(e.g., Bialystok, 2010; Costa et al., 2009; Hilchey & Klein, 2011; Hofweber et al., 2019), 

and (3) past research on adult cognitive control performance (Rubin & Meiran, 2005). 

This research also attempts to make comparable outcome measures for both the verbal 

Stroop task and non-verbal Global-Local task (Table 1). These cognitive control measures 

were used as outcome and dependent measures across all three studies. In doing so, the 

predictions of the model are examined. 
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Table 1. Measures of Cognitive Control Processes.  
Cognitive 

Processes 

Task Operational Definitions for Cognitive Control Tasks 

Goal Maintenance 

Verbal Stroop  
Mixing Cost: Difference between incongruent trials (mixed 

block) and incongruent trials (pure block) 

Non-Verbal 

Global-Local 

Mixing cost: Difference between local incongruent trials (Mixed 

block) and local incongruent trials (Pure block) 

Interference 

Control: Conflict 

Monitoring 

Verbal Stroop RTs for incongruent trials (Mixed blk) 

Non-Verbal 

Global-Local 
RTs for local incongruent trials (Mixed blk) 

Inference Control: 

Interference 

Suppression  

Verbal Stroop 
Stroop Effect: RT difference between incongruent trials (Pure 

block) and congruent trials (Pure block) 

Non-Verbal 

Global-Local 

Conflict effect: RT difference between incongruent local trials 

(Pure block) and congruent local trials (Pure block) 

Selective 

Response 

Inhibition 

Verbal Stroop Overall RTs on incongruent trials (Pure Block) 

Non-Verbal 

Global-Local 
Overall RTs on local incongruent trials (Pure Block) 

Task Engagement 

& Disengagement 

Verbal Stroop 
Switch cost: RT difference between switch and repeat trials 

(Mixed block)  

Non-Verbal 

Global-Local 

Switch cost: RT difference between switch and repeat trials 

(Mixed block)  

 

For both the verbal Stroop task and non-verbal Global-Local task, more difficult 

trial types (i.e., incongruent trials) and conditions (i.e., mixed block) were selected for 

analysis. For the verbal Stroop task, incongruent trials (as compared to congruent trials) 

are proposed to implicate more cognitive control and tend to be processed slower and less 

accurately (Stroop, 1935; Blumenfeld & Marian, 2014). For incongruent trials, there is a 

need to inhibit the pre-potent tendency to respond to the meaning of the word (e.g., green) 

and focus their attention on the color of the word’s ink instead (e.g., ink color is blue). 

Accordingly, incongruent trial types were selected for analysis.  

For the non-verbal Global-Local task, local trials are proposed to be more difficult 

than global trials due to the natural perceptual inclination to identify and process global 

rather than local images (Bialystok, 2010). As such, the usual finding is that local trials 

tend to be processed slower and less accurately. Within this task, incongruent trial types 

are also more difficult due to the perceptual conflict that is presented in the stimuli. For 

incongruent trial types, the global stimulus (e.g., a shape of a square) is constituted from 
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smaller “local” shapes that are different (incongruent) from the global shape (e.g., shape 

of a circle). Accordingly, local incongruent trial types were selected for analysis.  

Within the Adaptive Control Hypothesis, it is proposed that goal maintenance is 

related to the establishment and maintenance of a task goal (e.g., maintaining the use of 

one language over the other). This is may be likened to the process of cognitive 

monitoring, which refers to the ability to sustain attentional control and monitor cognitive 

conflict (Botvinick, Braver, Barch, Carter, & Cohen, 2001). To measure verbal and non-

verbal goal maintenance (cognitive monitoring), a mixing cost was used. Mixing cost is 

defined as the difference between trials in the mixed task blocks and trials in the pure 

blocks (Fagot, 1995, Kray & Lindenberger, 2000; Lehtonen et al., 2018; Los, 1996; 

Meiran, Chorev, & Sapir, 2000; Rubin & Meiran, 2005). Mixing cost is argued to reflect 

global and sustained cognitive control processes such as cognitive monitoring (Braver, 

Reynolds, & Donaldson, 2003; Rubin & Meiran, 2005). For the verbal Stroop task (1935), 

mixing cost was measured as the reaction time (RTs) difference between incongruent 

trials in the mixed and pure blocks. For the Global-Local task, mixing cost was measured 

through difference in RTs between local incongruent trials in the mixed and pure blocks. 

 The model proposes that the previous process of goal maintenance requires 

interference control processes, and further distinguishes it to two separate processes – 

conflict monitoring and interference suppression. Conflict monitoring is the active 

monitoring of conflicting information where interference control is necessitated for the 

detection of conflict (Bialystok, 2017). To measure verbal and non-verbal interference 

control: conflict monitoring, overall RTs for incongruent trials (in the mixed block) was 

used for the Stroop task, and overall RTs for local incongruent trials (in the mixed block) 

was used for the Global-Local task. This measure is based on Costa and colleagues (2009), 

who found bilingual advantages in conflict monitoring as seen through faster overall RTs 
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in both congruent and incongruent trial types in the mixed block. The mixed block is 

argued to be the most difficult condition as both congruent and incongruent trial types are 

switched and presented. In this research, only incongruent trial types (conflicting 

information) are examined (i.e., most difficult trial-type).  

 The model proposes that interference control: interference suppression processes 

relate to the inhibition or suppression of competing representations (Green & Abutalebi, 

2013). To measure verbal and non-verbal interference control: interference suppression, 

the Stroop effect was used for the verbal Stroop task, while the conflict effect was used 

for the non-verbal Global-Local task. The Stroop effect is the RTs difference between 

incongruent trial-types (pure block) and congruent (neutral) trial-types (pure block) 

(Wright, 2017; Yow & Li, 2015). The conflict effect is the RTs difference between 

incongruent local trials (pure block) and congruent (neutral) local trials (pure block) 

(Hofweber, Marinis, & Treffers-Daller, 2019).  

 Selective response inhibition is proposed to reflect the control ability to suppress 

or inhibit an automized motor response (Booth et al., 2003; Hofweber, Marinis, & 

Treffers-Daller, 2019). In this research, to measure verbal selective response inhibition, 

overall RTs on incongruent trials (pure block) in the Stroop task were used. To measure 

it non-verbally, overall RTs on local incongruent trials (pure block) were used.  

Lastly, the model proposes that task engagement and disengagement reflects the 

ability to switch between prior tasks (disengagement) and to engage with a new one 

(engagement) (Green & Abutaletbi, 2013). To measure non-verbal task engagement and 

disengagement, the switching cost was used for both the verbal Stroop task and non-

verbal Global-Local task. The switching cost is argued to reflect more transient cognitive 

control processes (Braver et al., 2003; Rubin & Meiran, 2005). In both tasks, RTs 

differences between switch and repeat trials within the mixed block were taken. Switch 
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trials are trials in which there is a switch in congruency between one trial (e.g., congruent 

trial type) to the next trial (e.g., incongruent trial type). Repeat trials are trials in which 

the previous trial type (e.g., congruent trial type) is the same as the next trial type (e.g., 

also congruent trial type).  

Note that throughout this research, these aforementioned cognitive control 

processes and task measures were used as outcome and dependent measures across all 

three studies (Table 1).  

3. Language-Cognition Interaction: Bilingual Language Control and 

Cognitive Control 

This section will review behavioral evidence of the relationship between 

bilingualism and cognitive control processes. Firstly, it will discuss the nature of bilingual 

language processing and the notion of the “bilingual advantage hypothesis”. Next, it will 

highlight the controversy related to the “bilingual advantage hypothesis” observed across 

lifespan cognitive development. Thereafter, it will focus the review of evidence with 

young adult bilinguals, with whom equivocal findings have been most observed. Several 

factors for the mixed state of findings will be discussed.  

In the field of bilingualism, an extensively researched area is on the role of 

bilingualism on cognitive control processes. It was previously assumed that bilingualism 

had negative consequences on cognitive development, and that the cognitive skills of 

individuals who grew up learning two languages were negatively affected by this 

linguistic experience. However, this long-held view was brought to question after a 

landmark study by Peal and Lambert (1962), which examined French-speaking 

monolingual and English-French bilingual children on a battery of cognitive tasks, 

measuring different aspects of intelligence. Findings from this study were ground-

breaking. It was one of the few studies at the time to highlight qualitative differences in 
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the cognitive processing of bilinguals and monolinguals. Secondly, their findings 

suggested that bilinguals had a more diversified set of mental abilities than monolinguals, 

contradicting previous conceptions about the negative impact of bilingualism. Since these 

initial findings, there is a growing body of research to suggest a close relationship between 

the development of linguistic and cognitive skills, with language development and 

cognitive development mutually influencing one another throughout one’s lifespan 

(Bialystok. 2009; Blumenfield & Marian, 2009). 

The modulatory effects of bilingualism on cognitive control processes have been 

reasoned to be due to a bilingual’s unique experience of resolving cross-language 

competition as compared to monolingual linguistic processing (Kroll, Dussias, Bice, & 

Perrotti, 2015). Earlier speculations about how bilinguals manage two languages, 

assumed that bilinguals would “switch” either language on and off depending on the 

situation (Penfield & Roberts, 1959). However, that view has long been refuted and there 

is a general consensus that both languages are activated in the bilingual mind to one 

degree or another when one of them is being used (Costa, Miozzo, & Caramazza, 1999; 

Guttentag, Haith, Goodman & Hauch, 1984; Gollan & Acenas, 2000; Green, 1998; 

Meuter & Allport, 1999; van Heuven, Schriefers, Dijkstra, & Hagoort, 2008).  

In bilinguals, this parallel and joint activation of both languages has been found 

to occur in most linguistic activities such as listening, speaking, and reading, suggesting 

that language systems are at different levels of activation at any given time and have to 

compete for selection (Abutalebi et al., 2008; Linck, Hoshino, & Kroll, 2009). Joint 

activation means that there is a continuous competition of language selection, and there 

is “interference” between bilingual’s languages (Bialystok, 2017). In order for a bilingual 

to speak in one language rather than another, the level of activation for one language must 

exceed that of the other language (Green, 1998; Grosjean, 1988, 1997, 1998; Meuter & 
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Allport, 1999; Paradis, 1984). Bilinguals have to hold the relevant language in their mind, 

while inhibiting the non-relevant language at the same time to successfully prevent 

unnecessary language interference and intrusion (Bialystok, 2001).  

In spite of this joint activation, in which bilinguals have to constantly monitor and 

manage two languages, major cognitive intrusions from the unwanted language in their 

speech production or comprehension are rarely observed (Christoffels, Firk, & Schiller, 

2007; Green, 1998). This has led researchers to suggest that joint activation requires a 

mechanism for language selection, so that the appropriate use and production of the target 

language is produced fluently (Bialystok, 2017). It is proposed that this process may be 

attributed to a domain-general control system which is recruited to monitor and manage 

linguistic conflict in order to resolve this linguistic conflict (Bialystok & Poarch, 2014). 

The first to discuss bilinguals’ ability of modulating parallel and joint language 

activation is the Inhibitory Control (IC) model (Green, 1998). This model, which builds 

on Norman and Shallice’s (1980) supervisory attentional system model, proposes the 

integration of three basic control systems in bilinguals’ lexico-semantic functions (i.e., 

meaning and structure). In this model, the systems which aid in bilinguals’ language 

control and conflict resolution are: (1) an executive control which is equivalent to the 

supervisory attentional system for establishing and maintaining language goals; (2) 

control of language task schemas (i.e., word identification system); and (3) control within 

the bilingual lexico-semantic system functions. Within this model, inhibitory control is 

integrated as the control mechanism that governs this control process. Accordingly, 

competition in the bilinguals’ output is dependent on the linguistic goals of the speaker, 

in that inappropriate responses from the non-target language are inhibited to prevent their 

production. The IC model became the predominant model within the field, to explain how 
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bilinguals’ manage and resolve linguistic and cognitive conflict that arises from the joint 

activation of their languages (Bialystok, 2017).  

As proposed by the IC model (Green, 1998), the bilinguals’ ability to understand 

and manage two languages produces cognitive competition that requires resolution, and 

this constant taxing of inhibitory control mechanisms has been suggested to generalize to 

the increased recruitment of a domain-general executive control mechanism (Costa & 

Galles, 2014). As such, it is speculated that the domain general executive control system, 

whose job is to monitor and resolve conflict, shift attention, and manipulate working 

memory, is particularly recruited during language processing (Bialystok et al., 2009).  

This unique bilingual experience has been posited to provide extensive training 

and foundation for the development and efficiency of cognitive control networks 

(Abutalebi & Green, 2008; Bialystok & Craik, 2010; Friesen & Bialystok, 2012). Based 

on this view, it is argued that bilinguals go through a lifetime of “cognitive training” in 

executive control processes as compared to monolinguals. It is assumed that more practice 

in bilinguals’ language selection process would be associated with efficiency in cognitive 

control processes.  

Since then the behavioral evidence supports the relationship and positive effects 

of bilingualism on verbal and non-verbal cognitive control across the lifespan (Antoniou, 

2019; Bialystok & Craik, 2010), and across the various cognitive processes attributed to 

executive function. As compared to monolinguals, bilinguals have been observed to 

demonstrate efficiency in domain-general cognitive control processes such as inhibition 

and interference control (Bialystok et al., 2004), cognitive switching (shifting) (Prior & 

MacWhinney, 2010), conflict monitoring (Costa et al., 2009; Hilchey & Klein, 2011), 

attentional control (Bialystok, 2017), and working memory (Luo, Craik, Moreno, & 

Bialystok, 2013). As noted above, behavioral measures of bilinguals’ cognitive control 
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processes are typically assessed through cognitive tasks that implicate cognitive control 

processes such as the Stroop task, Global-Local task, Flanker task, and Simon task (see 

above section on Cognitive Control Processes for detailed discussion of cognitive task 

measures). In these tasks, cognitive conflict is presented where conflict resolution is 

required (e.g., incongruent trial types). As compared to monolinguals, bilinguals’ are 

observed to demonstrate efficiency (advantage) through higher accuracy, faster RTs, and 

smaller cognitive costs in these tasks (Antoniou, 2019). This initial behavioral evidence 

gave rise to the notion of the “bilingual advantage hypothesis”. 

In support of behavioral evidence, neuroimaging studies demonstrate the 

distinctive structural and functional effects of bilingual language control on neural 

processes. The processes of language control include the intention to speak in a given 

language, the selection of the target response (i.e., the word in the intended language), 

inhibition of words from the non-target language, monitoring of speech for potential 

intrusions (cross-language interference), and language engagement and disengagement 

(language switching) (Abutalebi & Green, 2016).  An overlapping network of cerebral 

areas, which are also highly related to executive control, coordinates language control. 

The cerebral areas of this network, which comprise of the ACC, the left prefrontal cortex, 

the left caudate, the inferior parietal lobes, the right prefrontal cortex, the thalamus, the 

putamen of the basal ganglia, and the cerebellum, each play a specific role in the 

orchestration of bilinguals’ language control (Table 2).  

Differences between bilinguals and monolinguals in brain activation during 

cognitive control tasks have been observed from childhood (e.g., Barac, Moreno, & 

Bialystok, 2016) till adulthood (e.g., Alladi et al., 2013), with bilinguals demonstrating 

greater grey matter density (e.g., Abutalebi et al., 2013; 2015), and reduced activation in 

some cases indicating more efficient processing as compared to monolinguals (Gold et 
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al., 2013). Bilingualism has also been proposed to be a neuroprotective factor against 

adverse environmental influences such as lower socioeconomic status in childhood (e.g., 

Carlson & Meltzoff, 2008), and attenuate cognitive decline such as delaying the onset of 

dementia in late adulthood (Bialystok et al., 2007).  

Collectively, these findings were used to suggest evidence for the language-

cognition proposition that (1) the same brain structures associated with cognitive control 

are also partly implicated in bilinguals’ language processing and control, (2) the bilingual 

experience can incur observable neural differences in managing cognitive control as 

compared to monolinguals throughout the lifespan, and (3) the bilingual experience, 

which involves the taxing of executive control networks, could result not only in a varied 

neural wiring system, but also a more efficient cognitive control network as compared to 

monolinguals (i.e., the “bilingual advantage hypothesis”). 
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Table 2. Brain Regions Associated with Bilingual Language Control (Abutalebi & Green, 2016).  

Brain Area Specific Area for 

Bilingual Processing 

Role in Bilingual Language Control Distinctive bilingual effects 

Anterior 

Cingulate 

Cortex 

(ACC) 

Dorsal ACC (dACC) 

 

Pre-supplementary motor 

area (pre-SMA) 

● Initiating speech in language switching   

● Language selection  

● Conflict resolution sub-serving selection of targeted 

response in linguistic and non-linguistic contexts 

● Monitoring correct responses during language 

conditions where control is needed in switching 

Increased grey matter density in the dorsal ACC as compared 

to monolinguals (Abutalebi et al., 2012), and with senior 

bilinguals as compared to age-matched monolinguals 

(Abutalebi et al., 2015) 

 

Left 

Prefrontal 

Cortex 

Left middle inferior 

frontal gyrus (LIFG)  

 

● Controlling interference from dominant language  

● Language production (word generation, picture 

naming, verbal fluency)  

The ‘prefrontal effect’: higher engagement when bilinguals 

have to process and produce a weaker language (Abutalebi & 

Green, 2007) 

 

 

Right 

Inferior 

Frontal 

Cortex 

Right middle frontal 

gyrus  

 

● Inhibition of prepotent dominant language during 

language switching  

 

Activity in the right DLPFC is correlated to naming accuracy 

with dominant languages but not weaker languages (Videsott 

et al., 2010) 

 

Increased activation when switching to the non-dominant 

language due to need to suppress dominant language (de 

Bruin, 2014)  

Inferior 

Parietal 

Lobes 

Left angular gyrus 

 

Left and right inferior 

parietal lobe  

● Language control during language switching  

● Left parietal: biasing language selection away from 

language not in use 

● Right parietal: Biasing selection towards language in 

use  

 

Higher grey matter density in posterior region of the 

supramarginal gyrus for young adult bilinguals as compared 

to monolinguals, with higher L2 proficiencies associated with 

increased grey matter density (Michelli et al., 2004). This is 

similarly observed with seniors (Abutalebi et al., 2015) 

 

Increased proficiency correlated with increasing grey matter 

densities over a one year period for multilingual children 

(Della Rosa et al., 2013).  
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In recent years, the relationship between bilingualism and cognitive benefits have 

been more closely scrutinized, and there is no consensus regarding the nature of this 

relationship (Antoniou, 2019; Donnelly, Parker, & Brooks, 2019). The findings to date 

have not been reliable. There are behavioral studies which have failed to find evidence 

for bilingual efficiency (e.g., Anton et al., 2014; Gathercole et al., 2014; Paap & 

Greenberg, 2013), while others have argued that positive evidence might just be spurious 

(de Bruin et al., 2015; Paap, 2019). Recent meta-analyses which have examined the 

association between bilingualism and cognitive control efficiency across the lifespan 

suggest inconsistent and weak effects (e.g., Donnelly, Brooks, & Homer, 2015; 

Lehthonen et al., 2018; Paap, 2019), with young adult research showing the most 

inconsistency (Antoniou, 2019). This current state of findings challenge the consistent 

notion of the “bilingual advantage hypothesis” on lifespan cognition.  

In the next section, challenges to the “bilingual advantage hypothesis” will be 

discussed, with particular focus on the cognitive consequences of bilingualism in young 

adults. Lastly, it will discuss some of the reasons that might account for the challenges to 

the “bilingual advantage hypothesis” in young adults. 

4. Mixed Evidence Demonstrating Challenges to the “Bilingual Advantage 

Hypothesis” 

Findings reviewed in Chapter One demonstrate that being bilingual may mitigate 

deleterious effects of low SES (in children) or cognitive decline (in older adults) with 

regard to cognitive or executive control processes. The general effect of bilingualism on 

cognitive control has been questioned, however, as other research reports null or 

inconsistent findings. Two meta-analyses concluded that the relation of bilingualism to 

cognitive control is weak at best, but also inconsistent.  This calls into question the nature 
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of the relationship, and requires a re-visiting of the initial hypotheses about this 

relationship. 

4.1. Mixed Evidence with Young Adult Bilinguals  

Failures to detect a bilingual advantage in young adults have been reported in 

numerous behavioral research (e.g., Bialystok et al., 2004; 2008; Gathercole et al., 2014; 

Paap & Greenberg, 2013; Paap & Sawi, 2014; von Bastian et al., 2016) and meta-analyses 

(e.g., Donnelly, Parker, & Brooks, 2019; Lehtonen et al., 2018). This was first observed 

in behavioral studies which examined bilingual young adult and older adult bilinguals 

within the same study (e.g., Bialystok et al., 2004; Bialystok, Craik, & Luk 2008. A 

bilingual advantage on the Simon task reported for young children and older adults 

(Bialystok and colleagues, 2014; 2015) was not observed with young adults (in their 

twenties) in these same studies. This absence of a bilingual advantage for young adults 

on the Simon task was noted again in a study by Bialystok (2006). In this study, bilingual 

advantages were only observed in the most demanding condition in the Simon Arrows 

task (high-switching with increased number of inter-trial switches). These early research 

suggest that the cognitive associates of bilingualism on lifespan cognition could differ, 

and its effects might not be evidently observed in young adulthood.  

Subsequently, research with young adult bilinguals has shown inconsistency 

across different studies. In Paap and Sawi (2014), no performance differences were 

observed between proficient young adult bilinguals and monolingual young adults 

(English and from a wide range of bilingual language pairs) across various cognitive 

control measures of inhibitory control, cognitive monitoring and switching. To measure 

these cognitive control processes, participants had to complete four cognitive tasks – the 

anti-saccade task, ANT, Simon task, and color-shape switching task. From these four 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                      67           

 

tasks, 13 different indices were derived to measure domain-general cognitive control 

processes. The authors conducted group comparisons (between bilinguals and 

monolinguals) and through regression analyses (using a continuous measure of 

bilingualism and demographic characteristics as predictors). Across these 13 measures, 

the effects of bilingualism were not observed through both methods of analysis.  More 

surprisingly, monolingual advantages were shown on some of those measures, and 

balanced proficiency predicted a larger magnitude of the Simon effect, reflecting 

bilingual disadvantages in inhibitory control instead. These results contradict previous 

evidence that have typically demonstrated and argued for bilingual advantages and not 

disadvantages. The authors argued that in spite of considerations taken to ensure that the 

bilinguals in their study were proficient in both languages and acquired both languages 

early, and that the wide range of cognitive tasks employed were commonly and previously 

linked with bilingual advantages, their inability to replicate any bilingual differences and 

advantages directly challenge the proposal that bilingualism awards efficiency in domain-

general cognitive control processes, and could present disadvantages instead.  

Failure to observe bilingual advantages in young adults, is observed in a later 

study which examined non-verbal attentional control processes (Paap et al., 2018). In this 

study, bilinguals (English and a wide range of other language pairs) and monolinguals 

performed similarly in both the conjunctive visual search task (visual attentional control) 

and ambiguous figures task (visual cognitive flexibility), and no effects of bilingualism 

(degree of bilingualism) on any of the tasks were observed. 

While studies by Paap and colleagues (2013; 2014; 2018) have compared between 

bilinguals and monolinguals, failures to associate bilingualism with domain-general 

cognitive control in young adults have also been observed in studies which have examined 
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within young adult bilingual groups. For example, von Bastian et al. (2016) examined 

young adult bilinguals (German and a wide range of other language pairs) on four main 

cognitive control processes – inhibitory control, conflict monitoring, cognitive switching 

(shifting) and general cognitive performance – through nine cognitive control task 

measures (inhibition, conflict speed, mixing cost, working memory monitoring, shifting, 

updating, working memory capacity, and reasoning). Bilingualism was first assessed on 

three continuous measures of self-rated age of L2 acquisition, L2 language usage 

(proportion of daily non-L1 language usage), and bilingual proficiency (L2/L1 

proficiency ratio). Based on these measures, bilinguals were classified into three groups 

based on their degree of bilingualism – low, medium and high level of bilingualism. 

Group comparisons between the three groups of bilinguals did not demonstrate any 

significant difference on all nine cognitive control task measures. The authors suggested 

that their findings did not support evidence for bilingual efficiency on domain-general 

cognitive control processes in young adulthood.  

However, it is to be noted that this study did not include a monolingual control 

group, and such a conclusion might not be permitted. Instead, their findings could suggest 

that the categorization of degree of bilingualism (through self-reported measures) is not 

related with cognitive control task performance. Nonetheless, this study adds to ample 

evidence, which suggest the limited association between bilingualism and cognitive 

control in young adults (e.g., Anton, Carreiras, & Dunabetia, 2019; Gathercole et al., 

2014). Across all these findings, the existence and extent of bilingual cognitive control 

efficiency (i.e., the “bilingual advantage hypothesis”), especially in early adulthood, is 

called into question. Research with young adult bilinguals have been most widely 
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discussed and debated (Antoniou, 2019). The association between bilingualism on young 

adult cognition remains unclear.  

Overall, observations across separate behavioral studies suggest that there is 

inconsistency with regards to the association between bilingualism and cognitive control 

throughout lifespan cognition (childhood, young adulthood, and late adulthood). The 

review of studies discussed thus far, have been an examination across separate studies 

which have measured bilinguals of a specific age group within their research (e.g., 

bilingual children only or older adults only). This next section reviews some evidence 

which have examined the association between bilingualism and cognitive control of 

different age groups (children, young adults, and older adults) collectively within the 

same research study. 

4.2. Mixed Evidence throughout Lifespan Cognitive Development 

It is observed across current evidence (i.e., through behavioral studies and meta-

analyses) which have examined bilingual effects across a wide age group within the same 

study, that there is inconsistency of bilingual effects for different age groups. This suggest 

that there is no general consensus regarding the association between bilingualism and 

cognitive control in different age groups (i.e., whether an advantage exists or not). 

However, several observations are made that substantiates for further enquiry. Firstly, it 

is consistently observed that research with young adult bilinguals do not demonstrate 

bilingual advantages. Secondly, it is observed that bilinguals’ experiential and contextual 

factors (e.g., how they use their languages) are discussed to also influence bilinguals’ 

cognitive control. However, fewer studies have examined these factors and its relations 

with bilinguals’ cognitive control processes. Thirdly, it is also observed that current 

approaches in categorizing bilinguals dichotomously from monolinguals, may be limiting. 
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It is proposed that bilingualism is not a homogenous experience or a discrete variable 

(Luk & Bialystok, 2013). Instead, bilinguals should be considered on a continuum, and 

an individual difference approach should be taken instead (e.g., Laine & Lehtonen, 2018). 

This section will review some of these evidence and discuss these observations further.  

In a large scale study conducted by Gathercole and colleagues (2014), 650 Welsh-

dominant bilinguals (used Welsh at home), 557 balanced bilinguals (used Welsh and 

English), and 354 English-dominant bilinguals (used English only at home), from ages 3 

years to over 60 years of age, were examined on three cognitive measures of inhibitory 

control (Simon task), cognitive switching (Dimensional Change Card Sort Task), and 

metalinguistic judgement task (participants heard sentences that were read to them orally, 

and had to judge whether a sentence was grammatical, and to correct for it if it was 

ungrammatical). Participants were categorized into seven groups of age ranges and four 

major home-language groups – Three-year-olds, four year-olds, five year-olds, primary 

schoolers (around 8 years of age), teenagers (around 15 years of age), younger adults 

(around 25 years of age), and older adults (around 68 years of age). Based on self-reported 

measures of languages used at home, participants were classified as monolinguals, 

Welsh-speaking dominant bilinguals, Welsh-English balanced bilinguals, and English-

speaking dominant bilinguals. Across all age groups, there was no evidence for bilingual 

advantages in measures of cognitive control (both in cognitive costs and global 

monitoring). Instead advantages were observed by monolinguals (in the Simon task) or 

persons dominant in the language being tested (in the metalinguistic judgement task). 

Findings from this study are striking, and the authors suggest that the absence of bilingual 

advantages (within the same study), across a wide age-range, question the consistency of 
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positive performance that previous studies have suggested with regards to superior 

bilingual control performance throughout the lifespan.  

The inconsistency of bilingual advantages is observed in varying findings across 

several meta-analyses which have collated evidence across studies (from childhood to 

late adulthood) to determine the reliability and robustness of the claim that bilingualism 

could enhance cognitive control in different age groups across the lifespan. In a seminal 

systematic review and meta-analysis (of 63 studies) conducted by Adesope and 

colleagues (2010), they showed that bilinguals (review included children to adults) 

outperformed monolinguals on various cognitive tasks such as attentional control, 

problem solving, symbolic representation and abstract reasoning skills, metalinguistic 

skills, and working memory. In a systematic review (of 13 studies) (Hilchey & Klein, 

2011), bilingual advantages in the interference effect was found in middle-aged and older 

adults, but not in children and young adults. They also found bilingual advantages in 

global RTs reflecting cognitive monitoring processes (i.e., cognitive measure which 

includes both incongruent trials with conflict present and congruent trials without conflict 

present).  

In recent meta-analysis (43 studies) by Donnelly and colleagues (2019), they 

observed a moderate and statistically significant bilingual advantage in conflict resolution 

processes (interference costs and global RTs). They found different effects for different 

age groups (children, younger adults, and older adults). Among older adults, bilingual 

effects were larger for interference costs (inhibitory control) than global RTs (cognitive 

monitoring). Among younger adults, no bilingual effects were observed for both 

interference costs and global RTs. Among children, a trend for bilingual effects were 

larger for global RTs than for interference cost. These findings led the authors to suggest 
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that their observed pattern of results are inconsistent with existing models of bilingual 

language control (e.g., IC model). In their view, evidence for or against bilingual 

advantages remains inconclusive due to these differing effects across the lifespan.  

However, it is noted that this meta-analysis did not include socio-linguistic 

variables such as the age of onset of bilingualism and frequency of language use as 

moderating variables in their analysis (Donnelly, Parker, & Brooks, 2019). As such, their 

contributing effects on conflict resolution processes cannot be determined based on their 

findings. The authors acknowledge that these linguistic factors could also contribute to 

the cognitive association with bilingualism, and for future research to examine these 

factors further. Donnelly and colleagues (2019) also highlight the current limitation 

within the field, in categorizing bilinguals and monolinguals dichotomously, and 

comparing both groups in their cognitive control performances. Bilingualism is not a 

unitary experience and comprises of different dimensions and experiences (Luk & 

Bialystok, 2013). Bilingualism should be considered on a continuum. It is also proposed 

that future research should examine within bilinguals and through an individual 

differences approach instead.   

The various meta-analyses discussed thus far, have examined bilingual studies 

across a wide age range (from childhood to adulthood). Lehtonen and colleagues (2018) 

conducted the largest meta-analysis till date (152 studies, of which 106 were journal 

articles, 29 doctoral dissertations, 13 other theses, and 4 non-peer reviewed studies), on 

studies focusing only on adult cognition (younger adults to older adults). In view that 

cognitive control advantages have been stated to be most consistently observed in older 

adults who are not at the peak of cognitive functioning (e.g., Bak, Nissan, Allerhand, & 

Dreary, 2014; Luo, Luk, & Bialystok, 2010), the authors wanted to examine if longer and 
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more intensive bilingual experiences could be associated with cognitive gains, by 

determining the reliability of this across current evidence with adult bilinguals. They 

examined both published and unpublished studies associating bilingualism with domain-

general cognitive control in adults (18 years and older). This analysis also considered 

certain environmentally-related bilingual factors (e.g., age of L2 acquisition, bilingual 

proficiency, language-pairs, and country) as moderating variables. 

This meta-analysis found a small bilingual advantage for inhibition, cognitive 

switching (shifting), and working memory. However, evidence for these advantages 

receded after correcting for bias. They also did not find bilingual advantages for cognitive 

monitoring or attentional control. Verbal fluency indicated a small bilingual disadvantage. 

Findings from this analysis suggest that based on current and available evidence, 

systematic support for the effects of bilingualism on domain-general cognitive control 

processes in adults, is lacking overall.  

While this meta-analysis brings the field forward in its understanding of 

bilingualism on adult cognition, several limitations are discussed. For example, Lehtonen 

and colleagues (2018) acknowledge that they did not include contextual variables such 

bilingual language use (e.g., language switching in a dual-language context) as a 

moderating variable in their analysis. For example, how bilinguals use their languages, 

through language switching, has been associated with bilinguals’ cognitive control (e.g., 

Soveri et al., 2011; Verryt et al., 2016). They observe that past studies have looked at 

such variables to a lesser extent. They propose for future research to consider whether 

variations in language use patterns (e.g., language switching in the dual-language context 

as discussed in the Adaptive Control Hypothesis) could also be associated with executive 

control efficiency. Similar to Donnelly and colleagues (2019), another limitation that is 
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discussed, is the observed dichotomous classification of bilinguals and monolinguals in 

current bilingual research. They observe that the studies which they surveyed were 

between group comparisons (i.e., monolinguals vs. bilinguals). In their review, it is also 

suggested that future studies should examine within bilingual populations and adopt an 

individual differences approach, in order to identify the association between individuals’ 

bilingual experiences and cognitive control (Laine & Lehtonen, 2018; Lehtonen et al., 

2019). It is further observed that this meta-analysis pooled together research across young, 

middle-aged, and older-adults. As such, findings from this meta-analysis does not tease 

apart the different stages of adult cognitive development (e.g., early vs. late adulthood). 

The distinct cognitive consequences that might be associated with different stages of adult 

cognitive development is still not clearly ascertained based on their findings. 

Overall, it is observed that across behavioral evidence (Gathercole et al., 2014) 

and meta-analyses (e.g., Adesope et al., 2010; Donnelly, Parker, & Brooks, 2019; Hilchey 

& Klein, 2011; Lehtonen et al., 2018), which have examined the association between 

bilingualism and cognitive control across different age groups within the same research, 

there is no general consensus regarding bilingual effects at different age groups. However, 

several observations regarding these mixed findings are noted, and substantiates for 

further investigation.  

Firstly, across the evidence there is an observed lack of bilingual effects in young 

adult bilinguals (Gathercole et al., 2014; Donnelly, Parker, & Brooks, 2019; Hilchey & 

Klein, 2011; Lehtonen et al., 2018; Antoniou, 2019; Bialystok, 2017). In behavioral 

studies which have examined both young and older adults within the same study (e.g., 

Bialystok et al., 2005; 2008), it is also observed that young adult bilinguals do not 

demonstrate the same bilingual advantages as seen with older adults. Altogether, this 
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could suggest that the cognitive effects associated with bilingualism are not clearly 

manifested in younger adults. This has been proposed to be due to this stage of cognitive 

control development being at its peak (Park et al., 2002), such that the effects of 

bilingualism might have little observed effects (Park et al., 2002; Bialystok, 2016; 2017; 

Bialystok, Poarch, Luo, & Craik, 2014). An alternative explanation is that individual 

differences such as bilingual competency, environmental exposure to both languages, and 

the use of both languages, could influence the extent of cognitive effects observed in early 

adulthood, and that previous studies which did not account for within group variation of 

these individual bilingual characteristics, might mask the relationship of bilingual 

experience with cognitive control  It could be that the effects of bilingualism in young 

adulthood, are only more salient when some of these individual differences are 

sufficiently engaged, such that the linguistic and cognitive control systems are heightened 

and taxed. 

However, it is observed within the field that there is a current lack of 

understanding and consideration for bilinguals’ contextual use of their languages (e.g., 

language switching engagements), and its possible association with cognitive control 

processes. This is enlightened by the two recent meta-analyses described above, 

conducted by Donnelly and colleagues (2019) and Lehtonen and colleagues (2018). In 

both of these meta-analyses, it is separately acknowledged that their analyses do not take 

into account bilingual’s contextual factors such as language switching and usage as 

contributing moderating variables. In both meta-analyses, it is discussed that these factors, 

which implicate bilingual language control, could also be associated with bilinguals’ 

cognitive control processes. There is growing evidence to suggest that other experiential 

and contextual factors could also influence bilinguals’ cognitive control (e.g., Dong & Li, 
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2015; Hartanto & Yang, 2016; Verryt et al., 2016). Recent calls for future research 

emphasize examining aspects that involve bilingual language control (e.g., language 

switching in a dual-language context), in order to understand its association with 

cognitive control. As such, this research attempts to examine the different aspects of 

bilingual language control, to understand its relationship with cognitive control.  

Relatedly, in both meta-analyses it is also discussed that current approaches within 

the field typically compare between monolinguals and bilinguals dichotomously, and that 

this is a limitation. This current approach assumes that bilinguals are a homogenous group 

and does not take into account, the varied experiences and aspects within bilinguals. In 

both analyses, it is also suggested for future research to examine within bilinguals, and 

take an individual differences approach instead. As such, this research will take a within-

subjects approach to examine how individual variations in bilingual experiences may 

influence bilinguals’ cognitive control.  

In spite of this lack of consensus regarding a bilingual advantage across different 

developmental periods, and especially in young adulthood, several factors remain less 

explored. This includes individual differences within groups of bilinguals, rather than 

mean group differences compared to monolinguals; an accounting of bilinguals’ 

experiential and contextual use of their languages and their association with cognitive 

control; and variation in the tasks and methods used to measure cognitive control, 

described above as a multi-dimensional set of processes. These observations could 

provide some explanation for the inconsistent findings that are particularly observed with 

young adult bilinguals, and substantiate for further investigation. Some of the possible 

explanations are with regards to the nature of cognitive development, the heterogeneity 
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of bilingual experiences, and current approaches in measuring bilingualism. The next 

section discusses some of these possible reasons. 

4.3. Reasons for the Mixed State of Evidence with Young Adult Bilinguals  

4.3.1. Nature of Cognitive Development 

  The pre-dominant explanation for the discrepant findings observed in young 

adulthood has been argued to be due to the nature of cognitive development. Unlike 

cognitive development in childhood and late adulthood, where the effects of inter-

variation might be more pronounced, cognitive development in early adulthood is said to 

be at its peak (Park et al., 2002) and this might result in a possible ‘functional ceiling’) 

(Bialystok, 2016; 2017; Bialystok, Poarch, Luo, & Craik, 2014). As a result, the 

magnitude of effects associated with bilingualism might be more noticeable in 

developmental stages such as childhood and late adulthood, in which the cognitive control 

system of the individual is not at its maximum level and there are larger within-group 

variations in these systems (Dong & Li, 2015). 

However, this explanation is argued to be limited as inconsistent findings have 

also been noted in research with bilingual children and older adults (e.g., Donnelly, 

Brooks, & Parker, 2019; Paap, 2019). Further, there is evidence to counter the ‘ceiling 

effect’ explanation. For example, Paap et al. (2014) reported that for a group of eight 

young adult bilinguals, the mean RTs on both congruent and incongruent trials of a 

flanker task decreased substantially (by about 100ms) over the time (practice of 20 

sessions that occurred daily). The magnitude of the flanker effect also decreased (by about 

30ms). The authors argued that these findings suggest that the experience of practicing 

the same task over time can improve cognitive task performance, and that these young 

adults were not performing at ceiling. Their study also showed that bilingual young adults 
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did not demonstrate any advantage in interference control from the first session as 

compared to their monolingual peers. However, it is to be noted that the sample size of 

this study is small. As such, conclusions from this training study must be carefully 

considered. 

4.3.2. Heterogeneity of Bilingual Experiences 

Alternatively, at the stage of cognitive development in early adulthood, the effects 

could be “masked” by various individual differences in bilingualism. Individual 

differences such as bilingual competency, environmental exposure to both languages, and 

the use of both languages, could influence the extent of cognitive effects observed in early 

adulthood. It could be that the effects of bilingualism are only more salient when some of 

these individual differences are sufficiently engaged, such that the linguistic and cognitive 

control systems are heightened and taxed. This has led to extensive discussions 

highlighting that the magnitude of the bilingual advantage in early adulthood might be 

dependent on other experiential factors such as degree of bilingual proficiencies, age of 

acquisition, and contexts of language switching (e.g., Laine & Lehtonen, 2018; Bialystok, 

2017; Dong & Li. 2015).  

There has been a paradigmatic shift in understanding bilingualism, advocating 

that bilingualism is a heterogeneous experience comprised of multiple dimensions (Dong 

& Li, 2015; Kroll, 2015; Kroll and Bialystok, 2013; Luk & Bialystok, 2013; Yamasaki, 

Stocco, & Prat, 2018; Yow & Li 2015). More recent empirical findings and theoretical 

hypotheses support this view, and emphasize the heterogeneity of bilingualism (De Cat 

et al., 2018; Dong & Li, 2015; Hartanto & Yang, 2016; Kroll, Dussias, Bice, & Perrotti, 

2015; Luk & Bialystok, 2013, Yamasaki, Stocco, & Prat, 2018; Yow & Li, 2015). It is 

also proposed that bilingual advantages are unlikely to extend to all bilinguals under all 
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circumstances (Antoniou, 2019). It is suggested that it is not just having two known 

languages that may affect the efficiency with which bilinguals resolve cognitive conflict, 

but could be due to specific ways in which the two languages are used (Donnelly, Parker, 

& Brooks, 2019; Green & Abutalebi, 2013; Hartanto & Yang, 2016; Kroll et al. 2015; 

Lehtonen et al., 2018; Verryt et al., 2016; Yamasaki, Stocco, & Prat, 2018; Yow & Li, 

2015).  

Although there has been increasing emphasis to focus on examining these 

experiential factors (Zhou & Krott, 2018), there is still a lack of consensual knowledge 

about what these aspects and experiences of bilingual language control are, and how they 

are individually related to cognitive control processes. Attention is now being directed at 

identifying and examining some of these experiences, including language switching 

engagements, competency in both languages, balance in bilingual proficiencies (relative 

equivalence in proficiency between both languages) (e.g., Dong & Li, 2015). However, 

due to the concomitant nature of these bilingual experiences, their distinct effects with 

cognitive control are less clear. As an example, the ability for bilinguals to efficiently 

switch between both languages might be influenced by their competency in each of their 

languages, and this could induce certain distinct effects on cognitive control. At the same 

time, bilingual competency could be influenced by an earlier age of bilingual exposure, 

which may provide more time over the lifespan for them to practice and control their use 

of both languages. This too, could differentially influence the engagement of cognitive 

control processes. As such, lesser is known about how these various experiences are 

related with cognitive control, and the nature of their engagements with cognitive control. 

Accordingly, there has been increasing attempts to tease these effects apart (e.g., Verryt 
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et al., 2016), in order to examine how different aspects of bilingualism are associated with 

cognitive control.  

4.3.3. Nature of Cognitive Control Processes and Task Measures 

One of the emerging explanations for the current state of mixed findings is related 

to the cognitive control outcomes that are measured in bilingual studies (see Bialystok, 

2017; Laine & Lehtonen, 2018 for reviews). In view that the Inhibitory Control (IC) 

model (Green, 1998) has been the predominant model to explain bilingual language 

processing, the inhibition paradigm has been the leading account within the field. 

According to the IC model, bilingual language processing is based on an attentional 

system, the Supervisory Attention System, that inhibits bilinguals’ unwanted language so 

that appropriate processing of the target language could proceed. The IC model garnered 

support that bilingualism could enhance domain-general cognitive control processes of 

inhibitory control, as behavioral findings suggesting bilingual efficiency in cognitive 

control processes in selective attention and conflict resolution were observed (e.g., 

Bialystok 1992; Bialystok et al., 2004; Carlson & Meltzoff, 2008).  

The IC model was further supported due to the timely appearance of another 

influential model of cognitive control (also called executive function) proposed by 

Miyake and colleagues (2000). The model identified three core components that were 

correlated (moderately) with each other – cognitive switching (shifting), updating 

(working memory), and inhibitory control. Cognitive control task measures such as the 

Stroop effect (Stroop, 1935), the Simon effect, and the switching costs (e.g., Global-Local 

task) are typically used as indices to measure processes of inhibitory control and cognitive 

switching (Bialystok, 2017; Kroll & Bialystok, 2013). Performance on these cognitive 

tasks were suggested to be an assessment of individual performance in different cognitive 
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processes. Studies in bilingual language control have used these cognitive control task 

measures as a proxy of bilinguals’ cognitive performance.  

Following these models at that time, the IC model became the dominant 

theoretical hypothesis to explain the mechanism responsible for successful bilingual 

language processing. Based on the model, it is assumed that bilinguals’ long-term 

recruitment of cognitive control processes, namely inhibitory control, which is required 

to manage and resolve cross-linguistic conflict, could potentially “train up” inhibitory 

control processes over time (Bialystok et al., 2009). Interpretations of cognitive control 

advantages were centered around understanding the effects of bilingualism on cognition, 

specifically through inhibitory control. However, recent reviews (e.g., Bialystok, 2017) 

and findings from meta-analyses (e.g., Donnelly, Brooks, & Parker, 2019) have cast doubt 

on the inhibition interpretation as the central cognitive control process in bilingual 

language control (see Bialystok, 2017 for review). This could suggest that the underlying 

bilingual cognitive control advantage might be related to other cognitive control 

processes beyond inhibitory control, such as conflict monitoring (e.g., Costa et al., 2009), 

executive attention (e.g., Bialystok, 2017), and cognitive flexibility (e.g., Kroll & 

Bialystok, 2013). Current behavioral measures, which tend to be focused on measuring 

inhibitory control processes (e.g., through cognitive costs), could limit our current 

understanding of the association between bilingualism and cognitive control processes.  

It is also proposed that bilingual cognitive effects might be task and process 

specific (e.g., Bialystok, Poarch, Luo, & Craik, 2014; Blumenfeld & Marian, 2014; Paap, 

2019). It is observed that different studies employ different cognitive control tasks and 

measures (Lehtonen et al., 2018). This could account for the inconsistent findings across 

studies. The use of different tasks and cognitive measures across studies make it difficult 
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to draw comparable conclusions regarding the association between bilingualism and 

specific cognitive control processes.  

It is proposed that the effects of task differences might be a result of bilingualism 

being associated with some aspects of cognitive control more than others due to the 

specific linguistic demands in bilinguals during early adulthood, and the overlap in 

cognitive control demand that is presented in these different cognitive tasks (e.g., 

Bialystok & Craik, 2010; Blumenfeld & Marian, 2014; Kroll, Bobb, Misra, & Guo, 2008). 

For example, Blumenfeld and Marian (2014) propose that the Stroop task presents 

cognitive conflict between two dimensions of the same stimulus (i.e., stimulus-stimulus 

conflict), and this is similar to bilingual language control where conflict occurs between 

co-activated language representations and may rely more on stimulus-stimulus inhibitory 

control processes. In contrast, for Simon-type tasks, there is little overlap between the 

stimulus. Instead, cognitive conflict occurs at the response level (stimulus-response 

conflict). The authors argue that bilingual advantages in the Stroop-type tasks, highlight 

that the origins of the bilingual advantage may be specific to stimulus-stimulus processes, 

and that studies which have found null bilingual effects (e.g., Paap & Sawi, 2014), might 

have employed task measures that are not sensitive in tapping on these specific control 

mechanisms. As such, it is suggested that stimulus-stimulus task types should be 

considered in measuring bilinguals cognitive control. Further, a more comprehensive 

approach to measure across various cognitive control domains (e.g., verbal and non-

verbal) and processes (e.g., conflict monitoring, goal maintenance) should also be 

considered. 

These findings suggested that the dominant paradigm of the IC model (Green, 

1998) needs to be re-considered and expanded in examining the association between 
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bilingual and cognitive control (Bialystok, 2017). Current behavioral measures which 

have largely focused on measuring inhibitory control processes could limit our current 

understanding of the association between bilingualism and domain-general cognitive 

control processes. It is also observed that past studies typically measure specific cognitive 

control processes (e.g., inhibitory control only) within their research, and fewer studies 

have examined domain-general cognitive control processes within a single study (see 

Carlson & Meltzoff, 2008; Paap & Greenberg, 2013; 2014; von Bastian et al., 2016 for 

examples of studies with more comprehensive task measures). Further, different studies 

employ various cognitive control tasks and measures (see Lehtonen et al., 2018 for 

review). Altogether, this makes it difficult to compare or draw conclusions regarding the 

consistent association between bilingualism and cognitive control processes. As such, a 

more comprehensive approach to measure bilinguals’ domain-general cognitive control 

processes through relevant task-types (i.e., stimulus-stimulus task types) should be 

considered. 

4.3.4. Measuring of Bilingualism 

 The discrepancies observed with young adult bilinguals could also be due to 

current approaches in how bilingualism is measured. Comparing across current studies, 

it is observed that studies that have found some trends of bilingual advantages in young 

adulthood, are studies in which bilingual populations from a singular bilingual group of 

a specific language pairing were examined (e.g., Blumenfeld & Marian, 2014; Costa et 

al., 2008; 2009). However, studies in which task procedures and designs were similar, yet 

mixed or null findings were observed (e.g., Marzecova et al., 2012; Paap & Sawi, 2014), 

were studies in which monolinguals were compared with bilingual populations 

composing of a mix of different language-pairings, different nationalities, and variations 
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in participant demographics. This observation, regarding dichotomic comparisons 

between monolinguals with a mixed group of bilinguals, have also been recently 

highlighted by other researchers as a considerable explanation for the inconsistent 

findings (e.g., Bialystok, 2017; Donnelly, Parker, & Brooks, 2019; Laine & Lehtonen, 

2018; Verreyt et al., 2016). Making such distinct comparisons reflects an erred 

assumption that bilingualism is a homogenous experience by treating it as a discrete 

variable (Luk & Bialystok, 2013; Yow & Li, 2015).  

Such direct comparisons also overlook the effects that language specific 

characteristics and variations in language practices between bilingual population groups 

can have on cognitive control. This is further exacerbated due to some of the common 

ways in which bilinguals are measured in their language competencies and experiences, 

which are mostly through self-reported ratings. This methodological approach is highly 

subjected to individual interpretation and contextual variations. For instance, how and 

what one language group perceives of a specific bilingual experience such as language 

proficiency and usage might be different from that of another bilingual-language group. 

Increasing calls have been made to increase the ecological validity in measuring 

bilinguals, language behaviors, and language competencies more objectively and multi-

dimensionally (e.g., De Cat et al., 2018; Treffers-Daller & Korybski, 2015; Surrain & 

Luk, 2017).  

The contributing role of experiential factors such as language-specific 

characteristics and bilingual language experiences, as well as the multiple processes 

involved in cognitive control and how these are measured, have been brought into closer 

attention and examination. This further promotes the view that bilingualism is 

heterogeneous, and that the extent of bilingual effects on cognitive control could be 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                      85           

 

distinctly dependent on different language experiences, knowledge, and practices 

(Hartanto & Yang, 2016; Marzecova, Asanowicz, Kriva, & Wodneicka, 2012; Yamasaki, 

Stocco, & Prat, 2018; Yow & Li, 2015). As such, more recent calls have been made to 

determine the conditions of bilingualism and its related experiences may influence 

cognitive control processes (e.g., Bialystok, 2017; De Cat et al., 2018; Dong & Li, 2015; 

Green & Abutalebi, 2013; Hartanto & Yang, 2016; Verryt et al., 2016;Yamasaki, Stocco, 

& Prat, 2018; Zhou & Krott, 2016). This research follows this directive and attempts to 

examine this closely. 

5. Variations in Bilingual Experiences and Cognitive Consequences 

Given that bilingualism is a dynamic, continuous, and multi-dimensional 

experience (Luk & Bialystok. 2013), increasing research has sought to determine how the 

varying demands of language experiences may produce changes in the brain and behavior 

(e.g., Kroll & Bialystok, 2013; Yamasaki, Stocco, & Prat, 2018).  In this section, the 

studies that are reviewed, take focus on the manner in which languages are used by 

individuals in their daily lives (language switching practices), the levels of proficiency 

across the individual’s known languages (absolute bilingual competencies), and a more 

balanced use of both languages (balanced bilingualism), with regard to cognitive control. 

An updated model of bilingual language control, the Adaptive Control Hypothesis (Green 

and Abutalebi, 2013), is highlighted as a theoretical framework to examine these 

individually related factors of bilinguals’ language use and skill. 

5.1. Bilinguals’ Language Switching Engagements  

Initial discussions for the role of language switching to be a key aspect of 

bilingualism was proposed by Costa and colleagues (2009) who hypothesized that 

bilingual advantages in executive control may be related to the degree in which the 
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bilingual uses both languages in conversations on a daily basis. They proposed that these 

cognitive advantages might be most naturally related to the bilingual ability to switch 

between two (or more) languages, which is a cognitive demanding skill that monolinguals 

do not develop. Accordingly, bilinguals who engage in more dual language usage by 

frequently switching between speaking and/or hearing two languages (or more), may 

receive more “practice” in monitoring and inhibitory control processes as compared to 

bilinguals in environments in which languages are held separate.  

This was observed in a later study in which young-adult Spanish-English 

bilinguals who reported higher engagement in language switching behaviors, had smaller 

cognitive switch costs as compared to their Mandarin-English bilingual peers who 

reported lesser language switching behaviors (Prior and Gollan, 2011). This was also 

supported by Soveri and colleagues (2011), who demonstrated that the frequency with 

which adult bilinguals (mean age was 52.84 years old) engaged in language switching, 

was predictive of mixing cost advantages in cognitive switching. These initial studies 

provided initial behavioral evidence that the habitual practice of switching between two 

languages could lead to more efficient cognitive switching in non-verbal tasks. These 

formed for seminal discussion in suggesting that bilinguals’ language switching is a 

unique form of linguistic control that engages non-verbal cognitive control processes, and 

where habitual engagement in language switching could lead to efficiency in them.  

This has been supported through more recent neural evidence. In a functional 

magnetic resonance imaging (fMRI) study involving both behavioral task-switching and 

an experimental language-switching paradigm, neural correlates of young adult bilinguals 

performing task switching and language switching were examined (Weissberger, Gollan, 

Bondi, Clark, & Wierenga, 2015). Their results demonstrated overlaps in the recruitment 
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of similar neural substrates associated with linguistic and non-linguistic control, including 

cortical (e.g., frontal, temporal, parietal, cingulate) and subcortical (e,g., caudate, 

thalamus) regions, which corroborate with earlier behavioral studies reporting the 

relationships between linguistic and non-linguistic switching (Prior & MacWhinney, 

2010; Prior & Gollan, 2011). Interestingly, differences in efficiency were found (i.e., less 

neural activation), especially when bilinguals were required to monitor and sustain a task 

set (e.g., repeat or stay trials). As the bilingual participants reported frequent language 

switching as well, the authors proposed that bilinguals who switch languages often are 

also likely to have more practice in monitoring and sustaining the inhibition of the non-

target language during communication. Hence, findings from this study not only provide 

neural and behavioral evidence for the overlaps in mechanisms of control in language and 

task switching, they also reveal that language switching implicates unique cognitive 

control processes such as cognitive monitoring and cognitive switching, leading to 

advantages in these processes. Collectively, evidence from neural and behavioral studies 

lend evidence in demonstrating language switching to be a distinct form of bilingual 

language control that necessitates and engages non-linguistic cognitive control processes 

such as monitoring and switching. 

5.2. Description and Predictions of the Adaptive Control Hypothesis  

The relationship between language switching and cognitive control has been 

discussed more thoroughly through a theoretical framework, known as the Adaptive 

Control Hypothesis (Green & Abutalebi, 2013). Recognizing the limits of inhibitory 

control as an explanation for bilingual effects on domain-general cognitive control 

processes, the Adaptive Control Hypothesis expands from the Inhibitory Control (IC) 

model. Central to this framework, language switching is argued to be a significant aspect 
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of bilingual language control that implicates non-verbal cognitive control processes in its 

engagements. This framework puts forward that the activation and engagement of 

language control processes during language switching that are associated with cognitive 

control, is said to be related to two key aspects.  

The first aspect pertains to the degree to which a bilingual is environmentally 

exposed to both languages on a day-to-day basis (i.e., high presence of both languages vs. 

both languages are kept apart) and frequency of language switching (frequent vs. less 

frequent). The second aspect pertains to how a bilingual exercises language control, 

specifically in the way in which linguistic interference is resolved. This is related to the 

type of language switching a bilingual produces in their speech utterance (e.g., intra-

sentential vs. inter-sentential language switching). 

Based on the two aspects of the model, the hypothesis proposes that there are three 

main types of bilingual interactional contexts – Single-language context, dual-language 

context, and dense code-switching contexts. These interactional contexts are referred to 

as recurrent patterns of conversational exchanges within a community of speakers, and 

they differ in the degree to which both languages are present, the frequency in which 

bilinguals switch between their languages, and how they use both their languages (i.e., 

inter- and intra-sentential switching). One of the key assumptions of the model is that 

neural and behavioral adaptations will occur according to the degree of bilinguals’ 

engagement in the types of linguistic interactional contexts that they tend to find 

themselves in on a day-to-day basis. It further proposes bilinguals in these different 

interactional contexts would demonstrate differential efficiency in linguistic and 

cognitive control processes due to their engagement in these contexts.  
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In the single-language context (SLC), one language is used in one environment 

and the other in another distinct environment. For example, a non-native language may 

be spoken exclusively in the school environment, while the native language is spoken 

exclusively at home. In the single-language context, both languages are often kept apart 

in bilinguals’ interactions, and language switching is infrequent.  

In a dual-language context, there is high presence of both languages, language 

switching is frequent, but different languages are typically used with different speakers. 

In this context, language switching may occur within a given conversation, but not within 

an utterance. For example, a bilingual may use both L1 and L2 in the same context (e.g., 

at home and at school), and switch between their languages based on different speakers 

(e.g., inter-sentential switching). As the production of both languages (e.g., during an 

utterance) are kept apart, language control is argued to be high due to the state in which 

both languages are mentally represented (competitive mode) (see Green, 2018, Green & 

Wei, 2014; Muysken, 2000 for theoretical discussions on language control modes).   

In a dense code-switching context, while there is also high presence of both 

languages, speakers tend to mix their languages in the course of a single utterance and 

adapt words from one of their languages in the context of the other (i.e., intra-sentential 

switching). For instance, a bilingual conversing with other bilinguals may engage in 

conversation where mutual languages are used simultaneously across all the speakers. An 

example of an English-Mandarin dense code-switched speech would be “我想吃 

hamburger for lunch”. In this form of language switching, language control is low as 

both languages are used opportunistically and are in a cooperative (rather than 

competitive) state. It is argued that such a type of language switching is reflective of lesser 

engagement of linguistic control due to the way that both languages are intermixed, which 
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could reflect minimal language control in keeping languages mentally separated (see 

Green & Wei, 2014). However, this does not mean that dense code-switching is not 

cognitively effortful (Hofweber, Marinis, & Treffers-Daller, 2019). 

Accordingly, based on the differences in demand that each interactional context 

necessitates and the cognitive control processes that they implicate, differential cognitive 

control efficiency will observed. The Adaptive Control Hypothesis makes certain 

predictions of linguistic and cognitive control outcomes associated with bilinguals’ 

engagement in various interactional contexts. It pays specific attention to the dual-

language context, due to the highest linguistic and cognitive control that is demanded and 

discusses the effects of engagement in this context on efficiency in various cognitive 

control processes. These control processes were decomposed from Miyake and 

colleagues’ (2000) proposal of the dynamics of executive control – maintaining and 

updating of task goals, inhibiting competing representations, and switching between task 

goals (see Table 3). In the dual-language context, the process of goal maintenance is 

activated when the bilingual must establish and maintain a task goal (goal maintenance) 

such as speaking in one language rather than another. This maintenance requires the 

control of interference, which is related to two control processes of conflict monitoring 

and interference suppression. The detection of salient cues is also important in successful 

communication in this context as the detection of changes in the interactional context 

might require the bilingual to switch to use their other language (salient cue detection). 

The bilingual has to prevent themselves from continuing to speak in the current language, 

and this uses selective response inhibition processes. This triggers the need for the 

bilingual to disengage from the current language, and activate the new one (task 
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engagement and disengagement). The dual-language context is proposed to be associated 

with all the aforementioned control processes.  

In contrast, in the single-language context, it is predicted that cognitive effects 

will be mainly observed in cognitive monitoring processes of goal maintenance and 

interference control. This is because bilinguals’ languages are kept apart, and there is 

lesser demand on linguistic control. In the dense code-switching context, effects on 

opportunistic planning are proposed. In this context, bilinguals use whichever language 

is available and they adapt words from one language into another. Languages are used 

opportunistically. However, this does not mean that speech in the dense code-switching 

context is not cognitively demanding (e.g., Hofweber, Marinis, & Treffers-Daller, 2019) 

Table 3. Cognitive Control Demands as a Function of Interactional Contexts from 

the Adaptive Control Hypothesis (Green & Abutalebi, 2013) 

 Interactional Contexts 
 

Control Processes 

Single 

Language 

Context  

Dual 

Language 

Context  

Dense 

Code 

Switching 

Goal maintenance + + = 

Interference control: Conflict monitoring and interference 

suppression 

+ + = 

Salient cue detection = + = 

Selective response inhibition = + = 

Task engagement and disengagement = + = 

Opportunistic planning = = + 

+ indicates that the context increases the demand on that control process; = indicates that the context is 

neutral in its effects 
 

Following from the Adaptive Control Hypothesis and recent neuroimaging studies 

that have looked at language control, Abutalebi and Green (2016) proposed that an 

overlapping network of cortical and subcortical brain areas, tightly related to executive 

control, coordinate the dynamic process of bilingual language control. This network 

comprises of the pre-SMA/ACC (i.e., pre-supplementary motor area / dorsal anterior 

cingulate cortex), the left prefrontal cortex, the left caudate (LC), and the inferior parietal 

lobes. Each area contributes differentially to various operations (e.g., language switching, 
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language selection, production, translation, and language proficiencies), and they propose 

that the degree of activation of these brain regions is dependent on the functional 

interactions in different situational contexts. In multiple language interactional contexts 

such as the dual-language context where both languages can be active, all cognitive 

processes have to be involved in order for a bilingual to communicate successfully. This 

also means that the control network is engaged more extensively as compared to 

interactional contexts in which less cognitive control is required (e.g., single-language 

context and dense code-switching). In reference to the Adaptive Control Hypothesis, 

adaptive changes will shape the language control network based on the patterns of its 

long-term use, where higher engagement in a dual-language context would lead to 

adaptive and extensive enhancements on cognitive control processes.  

Current evidence for the two aspects of Adaptive Control Hypothesis and its three 

interactional contexts will be discussed further. 

5.2.1. Current Evidence for the Two Aspects of the Adaptive Control Hypothesis 

In a seminal attempt to examine the Adaptive Control Hypothesis, Hartanto and 

Yang (2016) compared young-adult bilinguals who differed in their engagement in the 

single-language context and dual-language context, on a task-switching paradigm (color-

shape switching). Bilinguals were classified into these contexts based on the extent to 

which they reported the use of two languages within the same context. Findings from 

their study indicated that dual-language context bilinguals demonstrated smaller switch 

costs, and were significantly faster in switch trials as compared to those in the single-

language context bilinguals. More specifically, they found that cognitive efficiency of 

bilinguals in the dual-language context was related to cognitive switching efficiency 

rather than interference control. These findings were interpreted to suggest initial and 
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seminal support for the dual-language context, by demonstrating that the frequency of 

engagement in a dual-language context was associated with non-verbal cognitive 

switching efficiency. Notably, this study also revealed that higher reported inter-

sentential switching was correlated with smaller switch costs (efficiency). On the other 

hand, intra-sentential switching positively predicted it (in the opposite direction) 

demonstrating that a greater reliance on language switching within sentences was likely 

to diminish executive control efficiency. This study and its results were instrumental in 

showing both cognitive costs and efficiency to be associated with different types of 

language switching, and suggest initial evidence for the model. 

Support for the dual-language context was also suggested in later study, which 

examined cognitive control effects associated with varying linguistic demands within a 

dual-language context. Henrard and van Daele (2017) compared between professional 

interpreters and translators, who differed in their linguistic demands (i.e., time pressure), 

and with monolinguals on various aspects of cognitive control such as working memory, 

inhibition of prepotent response, cognitive flexibility, resistance of proactive inhibition, 

and speed of information processing. Results from this study showed that as compared to 

monolinguals, both bilingual groups demonstrated efficiency (faster RTs and lower costs) 

in cognitive flexibility and resistance to proactive inhibition, suggesting support for the 

dual-language context with cognitive control efficiency. 

In relation to the degree (extent) of bilinguals’ engagement in a dual-language 

context with cognitive control efficiency, findings from this study showed that 

interpreters, outperformed monolinguals on all cognitive measures, and were more 

efficient than translators in processing speed and inhibition (Henrard & van Daele, 2017). 

The authors propose that while both interpreters and translators engage in the dual-

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                      94           

 

language context, the “interpreter advantage” is due to the high time-pressure demands 

that they experience on a day-to-day basis. These results were argued to demonstrate that 

higher environmental demands which engage more linguistic control, could train up non-

verbal cognitive control processes further. Based on these overall findings, the authors 

propose support for the dual-language context and the co-varying effects associated with 

bilinguals’ engagement in linguistically demanding environments, on non-verbal 

cognitive control efficiency. Based on these studies, there seems to be initial evidence to 

support the Adaptive Control Hypothesis, in associating bilinguals’ engagement in 

linguistically challenging environments such as the dual-language context, with cognitive 

control efficiency.  

However, the same evidential support has not been consistently observed with 

regards to the other aspect of the model, which relates the type of language switches with 

cognitive control. Although Hartanto and Yang (2016), found that higher reported intra-

sentential switching (i.e., dense code-switching) predicted higher cognitive costs (poorer 

efficiency), this was contrasted in another study, which demonstrated cognitive 

advantages (Hofweber, Marinis, & Treffers-Daller, 2016). In this study, two groups of 

German-English bilingual adults, who differed in their frequency of intra-sentential 

switching (dense code-switching), as measured through an objective language switching 

task (frequency judgement task), were compared on their non-verbal inhibitory control 

performances. Findings showed that bilinguals who reported higher engagement in intra-

sentential switching demonstrated advantages in non-verbal inhibitory control, 

particularly in the condition where conflict monitoring was the highest. Correlation 

analyses also revealed that higher engagements in it was positively associated with non-

verbal monitoring processes. Adding further to opposing findings is this study’s lack of 
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observed associations between alternation (similar to inter-sentential switching), which 

is supposed to reflect higher linguistic control, with non-verbal cognitive control 

efficiency. The authors propose that dense code-switching, in which bilinguals switch 

between their languages within utterances, is a natural type of language production among 

bilingual populations. Due to the ease of language use in this context, they argue that 

while inhibitory control may be engaged to a lesser extent, efficiency may still be 

observed in cognitive monitoring processes. These findings do not fully support the 

cognitive predictions of the Adaptive Control Hypothesis.   

One of the reasons for these contrasting findings could be due to methodological 

differences in how language switching typologies were measured in both studies. In 

Hartanto and Yang (2016), participants self-rated their frequency of engaging in inter-

sentential and intra-sentential switching respectively across different contexts (e.g., home, 

school, work). On the other hand, Hofweber and colleagues (2016) measured bilinguals’ 

engagement in different types of language switches through an objective frequency 

judgment task (Backus, 2015). In their study, German-English bilinguals were presented 

(audio and visually) with various types of language-switching utterances and were asked 

to imagine having an informal conversation with a German-English bilingual friend. They 

had to then rate the frequency with which they would encounter utterances similar to the 

stimuli based on a scale. This could highlight the sensitivity of measuring bilinguals’ 

engagement in the different types of language switches especially through self-reported 

ratings. Although both studies attempted to measure bilinguals’ engagement in different 

types of language switches, it is noted that one used self-reported ratings (i.e., Hartanto 

& Yang, 2016), while another used an objective language switching task (i.e., Hofweber, 

Treffers-Marinis, & Daller, 2016). Altogether, the relationship between the types of 
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language switches that bilinguals naturally produce and how they are related to cognitive 

control, is still inconclusive based on the existing evidence that has attempted to examine 

this. This also leaves this aspect of the Adaptive Control Hypothesis to be relatively 

untested.  

Collectively, it is observed that overall support for the two key aspects of the 

Adaptive Control Hypothesis is preliminary and mixed. More consistent support for the 

model is observed for one of its aspects pertaining to the engagement in a linguistically 

demanding environment (dual-language context environment), where self-reported 

frequency of engagement in such a context (on a day-to-day basis) has been associated 

with cognitive control efficiency (Hartanto & Yang, 2016; Henrard & van Daele, 2017). 

However, inconclusive evidence is observed for the other key aspect of the model, which 

pertains to the type of language switching and its cognitive correlates. This would suggest 

that the relationship between different aspects of language switching engagements with 

cognitive control is still inconclusive. As such, this research seeks to address this by 

examining both aspects of the model directly, and further examine their relationship with 

one another. 

5.2.2. Current Evidence for the Three Interactional Contexts 

In reviewing across the literature, there is no known study to date, that has 

thoroughly examined the language and cognitive predictions associated with bilinguals’ 

primary engagement in the three interactional contexts, proposed by the Adaptive Control 

Hypothesis. However, evidence from studies which have induced dense code-switching 

contexts do not seem to fully support to the model’s predictions.  

In more recent neural and behavioral studies which have experimentally induced 

a dense code-switching context by giving bilinguals the freedom to switch between their 
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languages (e.g., Blanco-Elorietta & Pyllaken, 2017; 2018; de Bruin, Samuel, & Dunabetia, 

2018), it is observed that language switching is minimally demanding, and perhaps, even 

beneficial overall, due to the intuitive way that bilinguals naturally use both their 

languages. In a study by Blanco-Elorrieta and Plykknen (2017), adult bilinguals engaged 

in a phone conversation with bilingual and monolingual interlocutors, and had to name 

pictures in a language suitable for communicating with the interlocutors. Results showed 

that the neural signatures of effortful language switching – increased anterior cingulate 

and prefrontal cortex activation – disappeared when bilinguals engaged in voluntary 

language switching. The view that voluntary switching is effortless is noted in another 

study (Kleinman & Gollan, 2016). In this study, when bilinguals in the voluntary 

switching condition were instructed to name pictures in whichever language was easier 

for them, results showed that there was no additional cost imposed for these word items.  

These studies add to an increasing body of evidence to support the view that 

voluntary language switching, akin to the dense code-switching context, is effortless, at 

least at the word level. These findings do not fully support the Adaptive Control 

Hypothesis in its assumptions that the dense code-switching context engages cognitive 

control processes minimally (Green & Abutalebi, 2013). Thus, the premise of language 

switching behavior involving effortful control comes into question, and the model’s 

predictions for language contexts on cognitive control require further examination. As 

there is no study to date that has thoroughly examined for the model’s predictions 

associated with the three interactional contexts, the association between bilinguals’ 

primary engagement in these interactional contexts and influence on cognitive control has 

yet to be fully examined.  
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Accordingly, this research aims to examine the cognitive relations associated with 

language switching engagements, through the predictions proposed by the Adaptive 

Control Hypothesis. This research will collectively examine the two key aspects of the 

hypothesis – degree of engagement in a dual-language context and type of sentential 

language switches, with cognitive control processes. It will examine the association 

between bilinguals’ primary engagement in the three interactional contexts with various 

cognitive control processes. 

5.3. Bilingual Competency and the Adaptive Control Hypothesis 

Within the Adaptive Control Hypothesis (Green & Abutalebi, 2013), other 

individual factors have also been proposed to influence how individuals use and switch 

between their languages in their communicative exchanges, and where their interactional 

engagements can be bounded by certain constraints. It posits that one of these constraints 

is a bilingual’s competency in their languages, in which the degree of it can enable or 

constrain their interactional competencies. Although the hypothesis does not explicitly 

define the notion of competency, it is assumed to be related to a bilinguals’ ability to 

speak and communicate effectively in their linguistic contexts on a day-to-day basis 

(Rosselli, Ardilla, Lalwani, & Velez-Uribe, 2015) (see Chapter 1 for the definition of 

bilingual competency in this research). While it is observed that there is no current 

standard definition to bilingual competency, it is generally defined as the bilingual ability 

to functionally use their two languages for different purposes (or domains) in daily life 

(e.g., Grosjean, 2008). It is undeniably one of the core aspects of bilingualism (Dong & 

Li, 2015; Green & Abutalebi, 2013; Yamasaki, Stacco, & Prat, 2018). 

According to the Adaptive Control Hypothesis (Green & Abutalebi, 2013), 

bilinguals adopt conversational practices that are suited to an interactional context due to 
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the cost in not doing so. It proposes that increased competency in the second language 

will enable the bilingual to communicate more effectively. However, this increase in 

bilingual competency would also bring about a concomitant increase in interference that 

reduces fluency. In order to override the imposition of this demand, the bilingual has to 

further adapt their control processes to avoid the interaction cost. As such, an increase in 

bilingual competency is also most likely associated with increased language and cognitive 

control skills. Although the hypothesis does not explicitly describe this, it assumes that 

positive effects on cognitive control processes is conferred when bilinguals attain both 

balance and high competencies in both their languages. 

5.4. Balanced Bilingual Competency 

The significance of balanced bilingual competency on cognitive development was 

first theorized by Cummins’ Threshold Hypothesis (1976; 1979). In this prominent and 

influential framework, it proposes that positive bilingual linguistic development and 

cognitive changes can only emerge if the bilingual achieves a certain threshold of 

competency in both languages. It particularly argues that the effects of bilingualism on 

cognitive performance, is attributed to bilinguals’ absolute level competency in both 

languages and not the relative degree of proficiency between languages (i.e., balance). In 

the context of cognitive development, this hypothesis proposes that accelerated cognitive 

growth is associated with high levels of bilingual competency. On the other hand, low 

levels of bilingual competency (i.e., low competency in both languages) is hypothesized 

to result in negative cognitive effects. This type of bilingualism has been referred to as 

semi-lingualism (Cummins, 1979; Paradis, 1998, Rosselli et al., 2015).  Semi-linguals 

perform equally low in both languages despite reporting active use of it in everyday life 

(Rosselli et al., 2015). Thus, the threshold hypothesis assumes that the positive cognitive 
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effects of bilingualism can only be observed when the bilingual has attained a minimal 

threshold of high competency in both languages (highly balanced in bilingual 

competency).  

Initial behavioral evidence for this was first reported by Meuter and Allport (1999). 

In their study where adult bilinguals were tasked to switch between languages, it was 

found that for dominant bilinguals (unbalanced bilinguals), the cost of switching to their 

stronger language was larger (longer RTs) than the cost of switching to their weaker 

language (shorter RTs). This curious finding was seminally termed as the switch cost 

asymmetry. This has been used as reflection of bilinguals’ efficiency in resolving the 

linguistic conflict they experience in managing both their languages. This degree of 

asymmetry has been proposed to be dependent on the dominance level of each language 

(i.e., degree of balance). This effect has since been replicated in other studies, where lesser 

asymmetries are reduced in bilinguals who are balanced and proficient in both their 

languages, while unbalanced bilinguals show more of it (e.g., Costa and Santesteban, 

2004; Iluz-Cohen & Armon-Lotem, 2013; Peeters et al., 2014; Reynolds, Schloffel, 

Peressotti, 2016). In relation with cognitive control, there is evidence demonstrating 

smaller degrees of asymmetry (i.e., more balance) with cognitive control efficiency 

(Ladas, Caroll, & Vivas, 2015).   

Evidence for this is also observed in neuropsychological studies demonstrating 

that brain activation in bilinguals varies as a function of competency level in their second 

language (e.g., Abutalebi & Green, 2007). Abutalebi and colleagues (2013) demonstrated 

that differences in bilinguals’ language competency differentially modulated neural 

activity in core regions of the language control network during multilingual language 

switching. In particular, neural efficiency (i.e., less activation) were observed when 
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language switching occurred between languages that were comparable in their 

proficiencies (i.e., relatively balanced), while higher activation occurred between 

languages in which they had to switch to a less proficient language. These findings lend 

evidence to the neurological imprint that bilingual competency awards, and further 

suggest that the activation of neural processes during language switching is modulated by 

the degree of balance in language competency. 

The effects of balanced bilingual competency can also been inferred from 

behavioral studies. For example, Yow and Li (2015) found that young-adult English-

Mandarin bilinguals who reported higher balanced bilingualism demonstrated efficiency 

in verbal inhibitory control (Stroop effect) and lower mixing costs, suggesting that higher 

reported degrees of balanced bilingualism influences the efficiency in cognitive inhibition 

and monitoring processes. In another study, Mandarin-English bilingual young adults 

who were categorized into three groups based on their reported degrees of bilingual 

proficiency (i.e., highly proficient bilinguals, mid-proficient bilinguals, and low-

proficient bilinguals) were compared on their inhibitory control performance (Xie, 2018). 

Findings from this study showed that highly proficient bilinguals (i.e., proficient in both 

languages) demonstrated better cognitive conflict monitoring as compared to other 

bilingual groups. This study demonstrate that non-verbal inhibitory control advantages 

are only observed in bilinguals who are highly competent in both their languages (i.e., 

highly competent and balanced). 

5.4.1. Observed Gaps within the Current Literature 

Across these studies, it can be argued that cognitive control efficiency are 

observed when bilinguals attain high linguistic competencies (absolute knowledge and 

skill) in both languages, and when the level of knowledge and competency in both 
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languages are comparable (relatively balanced). However, it is noticeable that these 

evidences attribute cognitive advantages with two distinct yet related features – absolute 

linguistic knowledge in both languages (i.e., competency) (e.g., Cummins, 1979; Rosselli 

et al., 2015), and relative balance between both languages (i.e., balance) (e.g., Yow & Li, 

2015). Although bilingual competency is closely linked with balance, these two features 

are to a certain extent separable as well (Blom et al., 2014). For instance, while high 

competency in both languages may denote balance, low competency in both languages, 

which similarly denotes balance, is conversely indicative of a lack of bilingual 

competency. Further, in relation to the Threshold Hypothesis (Cummins, 1979), it 

remains unclear what is the degree of threshold (in balance) that is needed, in order for 

cognitive effects to emerge. Based on current theory and evidence, it is inferred that a 

high threshold of competency and relative balance in both languages might be necessary. 

However, it is observed that there are few studies that have distinguished between a 

minimum competency of threshold and balance, or attempted to systematically tease them 

apart. 

It also observed that methodological measures within the current field often fail 

to distinguish between competency and balance. This is reflected in the way these terms 

are used interchangeably, and how they are measured across different studies. For 

instance, in Yow and Li (2015), bilingual competency was operationalized as balanced 

bilingualism through a latent construct comprising of balanced usage and balanced 

proficiency. In their measurements for both balanced usage and balanced proficiency, 

difference scores between self-ratings of language usage and proficiency in participants’ 

L1 and L2 were taken, with smaller difference scores reflecting balance (i.e., more similar) 

and higher scores reflecting less balance (i.e., larger difference between languages). 
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However, by using this approach, this would mistakenly account for bilinguals who might 

have low competency in both of their languages, but would still be considered as highly 

balanced and incorrectly interpreted as being bilingually competent.  

Other methodological issues measuring bilinguals’ language competencies are 

also observed. For example, in Vega-Mendoza (2015) and Xie (2018), participants’ 

knowledge in their L2 by itself, was taken as an indicator of bilingual competency. In 

these studies, higher L2 knowledge was assumed to reflect higher bilingual competency. 

Such an approach might be problematic as it assumes that bilinguals’ are sufficiently 

competent in their L1, and that their knowledge in L2 should “match up” with their L1. 

However, without actual measures of participants’ L1, their exact competency in L1 is 

not known and it is unclear if their competency in L2 is indeed comparable with their L1.  

Lastly, another noticeable issue in the current field is in the way that bilingual 

competency is defined. Due to the multi-dimensionality of language competency, the 

broad use of the term leaves open the question as to what aspect(s) of bilinguals’ language 

competency may be pertinently significant in its association with cognitive control. Past 

attempts to define its features more distinctly have been done previously. For instance, 

Luk and Bialystok (2013) found that two correlating factors, representing daily bilingual 

usage and proficiency (in L2), were extracted from their factor analysis. Their results 

were interpreted to suggest that the bilingual competency is composed to these two key 

dimensions. These two dimensions were similarly supported by Yow and Li (2015). In 

their study, they found that balanced usage and balanced proficiency were significantly 

correlated with each other and could contribute to the same underlying construct of 

balanced bilingualism. Further analyses using structural equation modeling (SEM) also 

validated the latent construct of balanced bilingualism to be comprised of both usage and 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                      104           

 

proficiency. In spite of these attempts, the definition of this construct still remains 

relatively broad and subjective, with different studies employing different ways of 

measuring and understanding it.  

Overall, there are current evidences to support the influence of bilingual 

competency on cognition. More specifically, cognitive efficiency has been associated 

with bilinguals who are balanced and competent in both their languages (e.g., Xie 2018). 

Within the Adaptive Control Hypothesis, it also assumes that both balance and high 

competency may be of linguistic and cognitive significance. However, it is noted that 

there is a current lack to distinguish their effects. Further, it is also unclear if a threshold 

of balance competency is needed in order for cognitive efficiency to emerge. Accordingly, 

this research aims to address these issues, to examine the distinct effects of bilingual 

competency on cognitive control processes, by accounting for bilinguals’ relative balance 

between their languages. It also seeks to examine the role of bilingual competency, as an 

aspect of bilingual language control, within the Adaptive Control Hypothesis. 

5.5. Language Switching Engagements and Bilingual Competency 

In the Adaptive Control Hypothesis, it is discussed that bilinguals’ language 

switching engagements and linguistic competencies are likely to interact with one another 

to mutually influence linguistic and cognitive control, due to the concomitant nature of 

their relationship. However, this makes it difficult to determine the specific cognitive 

control mechanisms that might be distinctively associated with language switching and 

bilingual competencies. 

This is observed in past behavioral studies such as Prior and Gollan’s (2011) study. 

Young adult Mandarin-English bilinguals who reported lesser daily rates of language 

switching were also found to have lower bilingual competencies as observed through their 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                      105           

 

statistically lower verbal fluencies in Mandarin as compared to the Spanish-English 

bilinguals in Spanish. In this study, the Spanish-English bilinguals with higher switching 

also had higher bilingual competencies, and it was this group of bilinguals that 

demonstrated cognitive efficiency as compared to the Mandarin-English bilinguals who 

engaged in lesser switching and were less bilingually competent. This study and its 

findings illustrate the concomitant interaction that occurs between language switching 

with bilingual competencies, and further show the difficulty in drawing firm conclusions 

of their relative effects on cognitive control.  

In a seminal attempt to address this issue and tease their effects apart, Verreyt and 

colleagues (2016) compared young adult unbalanced bilinguals, balanced proficient 

bilinguals who often switch between languages, and balanced proficient bilinguals who 

do not switch between languages, on inhibitory control measures. Results revealed that 

non-verbal cognitive monitoring and inhibitory control efficiency was demonstrated only 

with balanced bilingual participants who often switch between languages, and not with 

unbalanced bilinguals and balanced bilinguals who do not often switch between 

languages (Verreyt et al., 2016). However, this study also found that the balanced and 

non-switching bilinguals reported statistically lower bilingual competency as compared 

to the balanced switching bilinguals. Although this study was seminal in its attempt to 

identify the effects of language switching by systematically controlling for bilingual 

competency, the interactional relationship is still observed to exert its influence on 

cognitive control.  

Thus, even though recent attempts have been made to systematically examine 

them, their concomitant nature is still observed. This impedes our understanding of the 

specific processes that are engaged and associated with language switching and bilingual 
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competency. Given that the Adaptive Control Hypothesis proposes their individual 

contributing role within it as significant aspects of bilingual language control, it would be 

imperative for them to be examined separately. In doing so, their distinct roles within the 

model can be better determined. 

6. Overall Summary of the Current Literature 

This section will discuss some key observations of the current literature. 

Thereafter, theoretical and methodological gaps will be identified.  

6.1. Observations of the Current Literature 

Firstly, it is observed that the effects of bilingualism on cognitive control have 

been studied across the lifespan (Bialystok, 2009). However, the extent of its effects differ 

at different stages of development, and inconsistencies are observed. It is observed that 

bilingual advantages are more consistently observed in older adults, followed by children, 

and least in young adult bilinguals (Antoniou, 2019). Reasons for the inconsistent 

evidence have been attributed to the nature of cognitive development during this period, 

where it is said to be at its peak (i.e., ceiling effect) (Bialystok, 2017). This has led to 

discussions suggesting that bilingualism is a heterogeneous and dynamic experience, and 

that the extent of cognitive advantages could be dependent on individual variations in 

experiential factors that influence the degree to which bilingual language control is 

demanded. As such, there has been increasing interest and emphasis within the field, to 

identify the various aspects and experiences that are related to bilingual language control, 

and how variations in them may associate, engage, and enhance cognitive control 

processes (e.g., Dong & Li, 2015; Henrad & Van Daele, 2017; Kroll 2015, Valian, 2015 

Yamasaki, Stocco, & Prat, 2018). 
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However, it is observed that there is lesser knowledge in what these aspects and 

experiences are. This is because the nature of these experiences are often concomitant 

and difficult to tease apart (e.g., bilingual competency and language switching). It is also 

observed that fewer studies have attempted to tease them apart, to examine their specific 

associations with cognitive control processes. In this current state, it is still difficult to 

determine how they might be distinctly related with cognitive control. This is observed 

to be due to methodological limitations observed in the field. For example, past studies 

tend to compare between monolinguals and bilinguals. This assumes that bilinguals are 

homogenous and discounts the heterogeneity of experiences and abilities within 

bilinguals. Also, it is observed that there are relatively fewer studies that have examined 

within bilinguals. Consequently, lesser is known about how variations in bilingual 

experiences may influence the magnitude and extent of cognitive control efficiency.  

One of relevant and prominent bilingual language control frameworks to discuss 

this is the Adaptive Control Hypothesis. Central to this framework is the experience of 

language switching. However, it is observed that the relationship between language 

switching engagements with cognitive control is still unclear. This is because support for 

the model is preliminary and inconclusive. This is due to the few studies that have 

examined it. Within these few studies, mixed findings are observed. This could be 

attributed to differences in the aspects of the model that it examines, and methodological 

approaches in measuring bilinguals’ language switching behaviors (e.g., self-reports).  

With regards bilingual competency, current evidence seem to suggest that it is an 

important aspect of bilingual language control (e.g., Xie, 2018). It is also proposed to play 

a role within the Adaptive Control Hypothesis. However, it is observed that the exact 

nature of its engagement with cognitive control, and its role within it, is undetermined. 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                      108           

 

Although the model assumes high balanced competency to be associated with cognitive 

control efficiency, it fails to distinguish between competencies (absolute knowledge in 

each language) and balance (relative difference between languages). It is also unclear if 

a threshold is needed (in balance) for cognitive differences to emerge. This is because 

few studies have attempted to examine them or systematically tease them apart. 

Altogether, the Adaptive Control Hypothesis model and its predictions remain to be 

relatively unexamined.  

Methodological implementations also limit current knowledge with regards to the 

cognitive effects of bilingual competency. Firstly, it is observed that there is no general 

consensus about the aspects of language competency, and there are variations across 

studies in terms of the aspects that are measured (e.g., receptive vocabulary, expressive 

fluency). Next, many studies have typically relied on measuring singular aspects of 

language as an indicator of bilingual competency (e.g., measuring receptive vocabulary 

in L2 only). Also, many rely on self-reported ratings of bilinguals’ language knowledge 

and competencies. These approaches fail to account for the multi-dimensionality of 

language and may not fully capture bilinguals’ actual knowledge or skills in their 

languages.  

Lastly, it is observed that some of the inconsistencies across studies could be due 

to current measures of cognitive control. It has been suggested that the effects of 

bilingualism on cognitive control could be task-specific, where efficiency is related with 

certain cognitive tasks types that engage relevant cognitive control processes that share 

an overlap between language and cognitive control processes (stimulus-stimulus control) 

(Blumenfeld & Marian, 2014). It is also proposed that bilingual cognitive advantages 
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might be associated with domain-general cognitive control processes beyond inhibitory 

control such as conflict monitoring (Bialystok, 2017). 

6.2. Gaps within the Current Literature 

Based on the observations discussed, six main gaps are identified. Three gaps are 

theoretically-related, and three are methodological-related.  

6.2.1. Theoretical Gaps 

  The first gap is with regards to the inconsistent effects of bilingualism on cognitive 

development, where inconsistent findings with young adult bilinguals are most observed. 

The next gap is the lack of consensual knowledge about the experiential aspects of 

bilingual language control and their association with cognitive control. The third gap is 

in relation to the Adaptive Control Hypothesis, where support for the model is currently 

preliminary as it remains relatively unexamined.  

6.2.2. Methodological Gaps 

The fourth gap relates to the observation that past studies tend make dichotomous 

comparisons between monolinguals and bilinguals, and fewer studies have examined 

within bilinguals. The fifth gap is in relation to current measures of cognitive control 

processes, where a more comprehensive approach should be considered. The last gap 

pertains to limitations observed with current methodological measures and suggest for 

future approaches to assess bilinguals’ language competencies and behaviors 

comprehensively through more objective measures.   

Based on these observations and gaps, the aim of this research will be proposed. 

7. Aim of this Thesis 

The aim of this thesis is to delve deeper in this directive and address the 

aforementioned gaps. The overarching aim is to examine the “bilingual advantage 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                      110           

 

hypothesis”, through the framework of the Adaptive Control Hypothesis. It seeks to 

examine the two key aspects of bilingual language control: language switching and 

bilingual competency, and their association with cognitive control.  

To that, three separate studies were conducted. Firstly, a within-group approach 

was taken across all three studies. In all studies, participants were young adult English-

Mandarin bilinguals, living within a bilingual population (Singapore), and are varied in 

their language histories, competencies, and use. In doing so, this study attempts to 

examine how individual variations in the different aspects of bilingual language control 

may exert its influence on cognitive development at this stage, where cognitive efficiency 

is said to be at its peak.  

With the Adaptive Control Hypothesis (Green & Abutalebi, 2013) as a theoretical 

frame, this research examines two key aspects of bilingual language control: language 

switching and bilingual competency. In order to understand their distinct association with 

cognitive control, three studies were conducted to examine them systematically and 

separately. This overall methodological approach seeks to tease these aspects apart, and 

closely examine their respective associations with domain-general cognitive control 

processes (verbal and non-verbal cognitive control). As this research will examine the 

association between language switching and bilingual competency based on the 

assumptions and cognitive predictions proposed within the Adaptive Control Hypothesis, 

this will directly test the model in its entirety.   

To address methodological gaps, the studies in this research include both objective 

(e.g., verbal fluency tasks, language switching tasks) and subjective measures (e.g., self-

report) of bilinguals’ language competencies and language switching behaviors. To the 

latter, objective and ecologically-valid language switching tasks were created to 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                      111           

 

experimentally capture bilinguals’ naturalistic sentential language switches. Bilingual 

competency was also measured through multi-dimensional approaches. Lastly, this study 

measured a range of cognitive control processes (i.e., goal maintenance, interference 

control: conflict monitoring and interference suppression, selective response inhibition, 

and task engagement and disengagement), in both verbal and non-verbal domains. These 

processes were selected to align with the predictions proposed within the Adaptive 

Control Hypothesis (Green & Abutalebi, 2013), based on past studies which have 

examined cognitive advantages in bilinguals (e.g., Blumenfeld & Marian, 2014), and 

based on widely used measures of cognitive control performance (Rubin & Meiran, 2005).  

This research is of theoretical and practical interest. Understanding this will be 

significant in examining an important and relevant model of bilingual language control 

(see Laine & Lehtonen, 2018 for a review), and in evaluating the notion of the so-called 

“bilingual advantage hypothesis”. This is a necessary step forward in developing a more 

fine-grained and detailed understanding of the interaction between bilingualism and 

cognition. As there is no current consensus regarding the bounds of this interaction (i.e., 

whether an advantage exists or not), this will also inform practical applications in 

knowing what aspects and experiences should facilitate bilingual and cognitive 

development. 
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Chapter 3 – Examining the Relative Effects of Bilingual Language 

Control on Cognitive Control (Study One) 

In spite of the range of studies that have examined the cognitive correlates of 

bilingualism, there is still little consensus as to what the critical experiences of bilingual 

language control might be, and how they are related with cognitive control. This is argued 

to be due to the concomitant nature of these experiences. A more recent goal in bilingual 

research is to identify these critical features of bilingual experiences that may underlie 

the observed effects on cognitive control processes, and tease their effects apart (Kroll, 

Dussias, Bice, & Perotti, 2015; Yamasaki, Stocco, & Prat, 2018).  

In this first study, individual variation in bilinguals’ engagement in dual-language 

context switching and language competencies were collectively examined for their 

relative effects on verbal and non-verbal cognitive control processes, following from the 

Adaptive Control Hypothesis. For the young adult bilinguals in this study, their range of 

language competencies (objective and subjective measures of language competency), and 

language switching experiences (self-rated dual-language context switching) were treated 

as continuous independent variables, and objective measures of verbal and non-verbal 

cognitive control were examined as dependent variables. 

1. Research Question and Hypotheses 

This study addresses the first research question: What are the relative effects of 

dual-language context engagement and language competencies with cognitive control 

processes? 

It is hypothesized that the cognitive control effects associated with dual-language 

context and language competencies are broad given the overlap in neural networks – 

across both verbal and non-verbal domains of cognitive control. Alternatively, the effects 

may just extend to verbal or non-verbal control processes. This will be determined with 
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two separate analyses (1a and 1b) to evaluate the effects on verbal and non-verbal 

cognitive control processes, respectively 

Research Question 1a: What are the relative effects of dual-language context 

switching and language competency on verbal cognitive control processes?  

Both dual-language context switching and language competency are expected to 

contribute significantly to verbal cognitive control. There is no hypothesis about which 

will show a greater contribution, because this is the first study to examine both within one 

model. For dual-language context switching, following from the Adaptive Control 

Hypothesis, it is hypothesized that increased frequency of engagement in dual-language 

context switching may lead to greater efficiency across all verbal cognitive control 

processes of goal maintenance, interference control (conflict monitoring and interference 

suppression), selective response inhibition, and task engagement and disengagement 

(Abutalebi & Green, 2016; Green & Abutalebi, 2013).  

With regard to language competencies, it is hypothesized that these may be 

associated with all verbal cognitive control processes (Blumenfeld & Marian, 2014; Yow 

& Li, 2015). This is proposed to be due to the semantic nature of language competencies, 

where linguistic competition arises due to lexical co-activation and interference between 

language representations (Green, 1998). 

Research Question 1b: What are the relative effects of dual-language context 

switching and language competency on non-verbal cognitive control processes?  

It is hypothesized that increased frequency of engagement in dual-language 

context switching may lead to greater efficiency across all non-verbal cognitive control 

processes (Abutalebi & Green, 2016; Green & Abutalebi, 2013). The main hypothesis 

tested here is that language switching may also be related with these processes in both 
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verbal and non-verbal domains. This is due to the overlap in neural networks involved in 

language and cognitive control (Weissberger et al., 2015).  

It is hypothesized that bilinguals’ language competencies may be less associated 

with non-verbal cognitive control processes (Blumenfeld & Marian, 2014). Due to the 

semantic nature of language competencies, this aspect of bilingual language control might 

be specifically associated with verbal and not non-verbal cognitive control. 

2. Methods 

2.1. Participants  

 One hundred and thirty English-Mandarin young adult bilinguals (Mage = 18.52, 

SDage = 1.26, age range: 17 – 20 years) were recruited from a tertiary institution in 

Singapore. In this study, all participants are English-Mandarin bilinguals who grew up in 

local Singaporean families. All are considered early bilinguals, as they reported learning 

and using both languages early in life: Age of active bilingualism, AoAB  is the reported 

age at which they began to actively learn and use another language aside from the 

language that they are first exposed to (MAoAB = 3.72 years, SDAoAB = 2.00). This is 

suggested to be a measure of the age at which an individual begins to be actively bilingual 

(Luk, De Sa, & Bialystok, 2011). An earlier onset of AoAB is proposed to indicate longer 

history of using two languages. Descriptive findings suggest that the bilinguals in this 

study reported to be actively bilingual from an early age. 

 The participants also rated themselves as competent in both English (M = 17.50, 

SD = 2.54) and Mandarin (M = 12.43, SD = 4.33). For each language, a composite 

competency score was attained from self-reported competency in language 

comprehension (understanding), speaking, reading and writing. For each language skill, 

participants provided self-ratings on a 5-point scale ranging from 1 = can understand/use 
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simple everyday expressions, 2 = can understand/communicate routine and basic 

information, 3 = can independently understand/use language to carry on conversation/task, 

4 = can independently understand/use language with fluency and spontaneity, 5 = can 

proficiently and flexibly understand/use language for social, academic, and professional 

purpose. A composite score across the four language skills for each language were 

attained for each participant. For each language, the scores range from four to 20. Higher 

scores suggest higher self-rated competency in the language. Descriptive findings suggest 

that the bilinguals in this study reported to be more competent in English than in Mandarin. 

Table 4 shows the descriptive of all language measures in both languages. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                                                                                                                         116           

 

Table 4. Descriptives of All Language Measures. 

 
Self-Reported Language Background Measures 

 M SD Range of Scores Skew Kurtosis Reliability (α) 

Age 18.52 1.23     

Control Variable: Age of Active Bilingualism (AoAB) 3.72 2.00 1 – 12 years 0.88 1.69  

English Competency        

 Understanding 4.40 0.71     

 Speaking 4.38 0.68     

 Reading 4.42 0.76     

 Writing 4.39 0.73     

Independent Variable: English Competency Composite  17.60 2.54 11 - 20 -0.85 -0.23 1.00 

Mandarin Competency        

 Understanding 3.41 1.08     

 Speaking 3.35 1.14     

 Reading 2.96 1.27     

 Writing 2.73 1.19     

Independent Variable: Mandarin Competency Composite  12.43 4.33 4 – 20 -0.30 -0.68 0.98 

Independent Variable: Dual-Language Context (DLC)  12.33 4.16 4 – 20 0.06 -0.86 0.78 
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Objective Language Task Measures 

 M SD Range of Scores Skew Kurtosis Reliability (α) 

Independent Variable: English Competency        

 PPVT-4 Raw Score (%)  82.67 5.89 52.32% – 96.05% -1.30 6.46 0.94 

 Verbal Fluency Semantic 31.47 9.93 6 – 69 0.80 1.76  

 Verbal Fluency Phonological 24.85 7.82 11 – 47 0.60 -0.13 

Independent Variable: Mandarin Competency       

 Mandarin Receptive Vocabulary (%)  82.14 14.58 36.25% - 100 % -0.89 0.24 BLAB: 0.93 

EMLAB: 0.92 

 Verbal Fluency Semantic 16.54 7.36 0 – 36 0.37 0.02  

 Verbal Fluency Phonological 14.20 6.23 0 – 38 0.54 0.79 

n = 125 – 130 for all analyses

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                 118           

 

2.2. Materials  

 All participants completed measures of language competency – self-ratings and 

objective measures for receptive vocabulary and expressive verbal fluency in both 

English and Mandarin, and self-reported frequency of engagement in dual-language 

context switching. All participants also completed computerized tasks measuring verbal 

(Stroop task) and the non-verbal (Global-Local Task) control. 

2.2.1. Self-Reported Language Competency 

 Questionnaire items were used to estimate bilinguals’ language competency in 

both languages. Items related to self-rated language competency were adapted from Lim 

and colleagues (2008) Determining Language Dominance in English-Mandarin 

Bilinguals questionnaire and Marian et al.’s (2007) The Language Experience and 

Proficiency Questionnaire (LEAP-Q). Participants had to indicate their perceived level of 

proficiency in each of the languages based on a 5-point scale. The 5-point scale is 

observed to be widely used across various self-report bilingual language measures 

including Hartanto and Yang (2016) and Rodriguez-Fornells et al. (2012). Part of these 

questionnaires were adapted for the current study. Thus, to be comparable to these earlier 

studies, a similar scale was used. Participants provided self-ratings on a 5-point scale of 

competency in understanding, speaking, reading, and writing for both English and 

Mandarin. (1 = can understand/use simple everyday expressions, 2 = can 

understand/communicate routine and basic information, 3 = can independently 

understand/use language to carry on conversation/task, 4 = can independently 

understand/use language with fluency and spontaneity, 5 = can proficiently and flexibly 

understand/use language for social, academic, and professional purposes.). For each 
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language, a composite score was calculated. Scores could range from four to 20. Higher 

scores would denote higher competency for each language. 

2.2.2. Self-reported Language Switching Engagement 

 To measure the types of language switching, questions from Rodriguez-Fornells 

et al.’s (2012) Bilingual Switching Questionnaire (BSWQ) were included in the 

questionnaire items. Using a 5-point scale, participants had to indicate the frequency to 

which they switched between languages with higher scores indicating higher tendencies 

to switch between languages. Self-reported engagement in the dual-language context 

engagement was measured through four questions. The four questions are: “When 

conversing with friends, I tend to switch between English and Mandarin”, “When 

conversing with family members, I tend to switch between English and Mandarin”, “In 

the school environment, I tend to switch between English and Mandarin”, and “In my 

home environment, I tend to switch between English and Mandarin”. Participants had to 

rate the frequency in which they engaged in each of the respective statements, on a 5-

point of one (never) to five (always). A composite score was taken with higher scores 

indicating higher engagement in a dual-language context (scores can range from four to 

20). Higher scores would denote higher frequency of engagement in a dual-language 

context environment.  

2.2.3. English and Mandarin Verbal Fluency 

  To objectively measure expressive language fluency, phonological and semantic 

verbal fluency tasks were administered. These tasks are commonly used in clinical and 

research settings to assess semantic and phonological processes central to speech 

production. Both tasks involve processes such as lexical retrieval, search, and speech 

production, but they differ in their use of semantic associations, the load they place on 
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search processes, and the use of articulatory processes in word identification (Martin, 

Wiggs, Lalonde, & Mack, 1994; Schwartz, Baldo, Graces, & Brugger, 2003, as cited in 

Grogan, Green, Ali, Crinion, & Price, 2009). Further, neurological evidence from MRI 

imaging demonstrated that different brain regions are associated with these different tasks. 

Grogan and colleagues (2009) found that in bilinguals, the left inferior temporal lobe is 

involved (greater activation) in semantic fluency in both L1 and L2 processing, while the 

bilateral pre-Supplementary Motor Area (SMA) and head of caudate (caudate nuclei) is 

involved in phonemic fluency. Higher grey matter density in these regions was also found 

in participants with higher phonemic than semantic fluency scores. As evidence 

demonstrates that phonemic and semantic fluency implicates separate processes and brain 

regions, they will be examined separately as subtests of verbal fluency. 

 The Phonological (letter) Verbal Fluency Task (PVFT) was administered in both 

English and Mandarin (see Assche, Duyke, & Gollan, 2013 for selection of phonemes 

and word categories). The phonemes used for the English tasks were A, F and S (any two) 

while the phonemes used for the Mandarin tasks were B, T and H (any two). The two 

phonemes were randomly assigned to the participants. In addition, the Semantic (category) 

Verbal Fluency Task (SVFT) was also administered in both English and Mandarin. 

Participants were verbally instructed to list out as many words belonging to a specific 

category. This was also repeated for two categories for each language. The categories for 

both English and Mandarin tasks were (1) Animals, (2) Fruits, (3) Vegetables and (4) 

Clothing. Participants were verbally instructed to verbally list out as many words as they 

could, within one minute, for each phoneme and category in each language. Verbal 

fluency scores were calculated as the difference between the total number of responses 

produced and incorrect responses. Participants were scored based on the total number of 
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correct words (raw scores) produced in the phonological verbal fluency task and in the 

semantic verbal fluency task, for both English and Mandarin. 

2.2.4. English Receptive Vocabulary 

  The PPVT-4 is a normed-referenced test that is widely used as a measure of 

receptive vocabulary performance of English Proficiency. Standard procedures for 

administering the test and determining when to stop were followed. The test was given 

verbally and was also untimed. All participants were individually administered the PPVT-

4. There are four pictures of a page, and each of the picture is numbered (i.e., 1, 2, 3, 4). 

In this test, the assessor would speak a word describing one of the pictures, and the 

participant would point to or say the number of the picture that the word described. 

Images are presented in a 2 x 2 grid manner, with one target image and three distractor 

images on each slide. The assessor indicated item responses on a scoring sheet. 

Participants’ raw scores were converted to percentage scores. Raw scores were divided 

by the total number of 228 test items and percentage scores were derived based on that 

(Dunn & Dunn, 2007).  

2.2.5. Mandarin Receptive Vocabulary 

  Mandarin receptive vocabulary was measured objectively through one of two 

versions of a locally-developed picture matching task English-Mandarin Language 

Assessment Battery (EMLAB) or the Bilingual Language Assessment Battery (BLAB) 

(Rickard-Liow & Sze, 2008). Sixty-nine participants were administered the BLAB task 

while 64 participants were administered EMLAB. 

 The Bilingual Language Assessment Battery (BLAB) (Rickard-Liow & Sze, 2008) 

task is a locally developed measure of receptive vocabulary knowledge in both English 

and Mandarin, and it has been widely used in Singapore for published research. For this 
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study, only the Mandarin version of the task was used. Similar to the PPVT-4 (Dunn & 

Dunn, 2007), the test format requires participants to point to one of four pictures that 

correspond to a spoken word on a tablet. The test was untimed and was administered 

individually. There are a total of 80 items and participants were scored based on the total 

number of correct responses. Raw scores were converted to percentage scores based on 

that. 

 The EMLAB is as an iteration of BLAB. EMLAB includes some items from 

BLAB and was developed further based on existing items. EMLAB included additional 

target words which were gathered based on wordlists from the local Singaporean 

curriculum for Secondary School and Junior College students. EMLAB was incorporated 

in this study as it was part of a project to develop a locally-based receptive vocabulary 

task. To ensure that both EMLAB and BLAB are comparable, Pearson correlational 

analyses for EMLAB and BLAB were conducted with participants’ Mandarin 

Competency Composite Score (self-reported Mandarin competency in understanding, 

speaking, reading, and writing). BLAB (r(67) = 0.65, p < 0.05) and EMLAB (r(62) = 

0.66, p < 0.05) were both significantly correlated with Mandarin Competency Composite 

Score. These findings also suggest that EMLAB and BLAB correlate relatively similarly 

with self-reported Mandarin competency, and thus, are deemed to be comparable with 

one another.  

 In EMLAB, the test format is similar to that of the PPVT-4 (Dunn & Dunn, 2007) 

and BLAB (Rickard-Liow & Sze, 2008). The test was given verbally and was also 

untimed. There were a total of 48 items and participants were scored based on the total 

number of correct responses. Raw scores were converted to percentage scores based on 

the participants’ total number of correct responses attained. 
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 Scores from EMLAB and BLAB are the percentage of correct responses on the 

task. Due to the comparability of both tests and similarity in format, scores from both 

tasks were used as an objective measure for Mandarin receptive vocabulary.  

2.2.6. Verbal Cognitive Control 

 A computerized version of the Stroop (1935) color-naming task was used to measure 

verbal cognitive control processes (interference control of pre-potent tendencies). There 

were four types of trials based on four colors – red, yellow, green, and blue: (a) baseline 

trials with a color-word presented to assess baseline reading, (b) neutral trials with a 

square filled in one of the four colors, (c) congruent trials with a color word printed in the 

same color (e.g., yellow printed in yellow), and (d) incongruent trials with a color word 

printed in a different color (e.g., yellow printed in blue). All words were in English. They 

were displayed in 36-point Arial font and all letters were in lower case. 

 For all trials, participants were instructed to respond according to the color of the 

font by pressing a designated key on the keyboard (S, F, H, and K for red, yellow, green, 

and blue, respectively). The keys were marked with matching stickers indicating the first 

letter of the color (R, Y, G, B). Each trial began with a centered black fixation cross (+) 

presented against a white background for 500ms, followed by the stimulus that remained 

on the screen for 4000ms or until a response was made.  

 Sixteen practice trials (four trials for each trial type) were presented to the 

participants. A total of 144 test trials were presented after the practice trials. All 

participants completed the first block consisting of the baseline color-word reading trial, 

and the second block required participants to indicate the color of the square. They then 

proceeded with a block of 24 congruent trials, and a block of 24 incongruent trials. The 

test order of these two blocks was counterbalanced across participants. The last block was 
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a mixed block of 48 trials with an equal number of congruent and incongruent trials. The 

order of the trials within each block was randomized for each participant. 

2.2.7. Non-Verbal Cognitive Control 

  For this study, the Global-Local task was used based on a design developed by 

Andres and Fernandes (2006) and adapted from the global-local task by Bialystok (2010). 

The Global-Local task is purported to assess the dominance of attending to global 

configurations versus compositional detail in perceiving spatial patterns (Navon, 1977). 

This non-verbal task requires perceptual processing of the overall and component features 

of a complex stimulus, and potential conflict between two levels are introduced, in that 

both global and local images are created from the same set of forms (Figure 2). Depending 

on the task rules, participants have to shift their locus of attention between global and 

local images, while inhibiting the perceptual conflict at the same time. Thus, this task 

requires non-verbal cognitive control processes related to monitoring, switching, and 

conflict resolution. 

 Each trial began with a black fixation cross (+) presented in the center of the screen 

against a blue or yellow background for 500ms, followed by the stimulus that remained 

on the screen for 4000ms or until a response was made. The stimuli were approximately 

6 cm high and wide. There were two tasks, each based on a different type of stimulus. 

Participants were required to identify either global or local shapes based on the cue 

indicated by the color of the background of the trial. If they were required to identify the 

global shape, a blue background would be shown. If they were required to identify the 

local shape, a yellow background would be shown. The stimuli were circles or squares 

(or Xs for neutral). Participants indicated the identity of the relevant stimulus by pressing 

designated keys. Each response key was assigned to one of the two stimuli (Press Z for 
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circle and M for square. The keys were marked with matching stickers indicating the first 

letter of the shape (C, S). 

 Instructions were presented at the start of each block explaining whether the global 

or local shapes were targeted. The neutral stimuli were never a response option; for 

example, a local X comprised of local circles only had a response key associated with the 

circles. Twelve practice trials (two trials for each trial type) were presented to the 

participants. There were a total of three types of experimental blocks: global shapes, local 

shapes, mixed global and local shapes. In each of the global and local blocks, there was 

a total of 42 trials (14 trials for congruent, incongruent, and neutral trials), while the mixed 

block consisted of 56 trials (14 trials for global congruent, global incongruent, local 

congruent, and local incongruent). This yielded a total of 140 experimental trials across 

three blocks. The test order of these two blocks was counterbalanced across participants. 

The last block was a mixed block of 48 trials with an equal number of congruent and 

incongruent trials. The order of the trials within each block was randomized for each 

participant. 

 All computerized cognitive tasks (Stroop task and Global-Local task) were 

programmed in Superlab (Version 5), and administered on a laptop with a 13-inch 

monitor. Participants viewed the screen from a distance of about 50 cm and used a 

keyboard to record their responses. Instructions were presented in English at the start of 

each task, and participants were instructed to respond as accurately and as quickly as 

possible. 

 2.2.7.1. Dependent Variables: Measures of Cognitive Control Processes. Note 

that the Stroop task is considered to reflect verbal cognitive control while the Global-

Local task reflects non-verbal cognitive control (Bialystok, 2017; Rosselli, Ardila, 
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Lalwani, & Velez-Uribe, 2015). For both the Stroop task and Global-Local task, selected 

measures of domain-general cognitive control processes were chosen based on the 

Adaptive Control Hypothesis (see Chapter 2 for review and explanation of cognitive 

control measures and Table 5 for cognitive control measures and operational definitions). 

Outcome measures (i.e., operational definitions) for each cognitive control process were 

chosen to be as equivalent and comparable across both tasks. These measures were also 

chosen based on earlier evidence which found bilingual association with these respective 

cognitive control processes (e.g., Bialystok, 2017; Hilchey & Klein, 2011) and from past 

research on adult cognitive control performance (Rubin and Meiran, 2005).  

Table 5. Measures of Dependent Variables: Cognitive Control Processes.  
Cognitive 

Processes 
Task Operational Definitions for Cognitive Control Tasks 

Goal Maintenance 

Verbal Stroop  
Mixing Cost: Difference between incongruent trials (mixed 

block) and incongruent trials (pure block) 

Non-Verbal 

Global-Local 

Mixing cost: Difference between local incongruent trials 

(Mixed block) and local incongruent trials (Pure block) 

Interference 

Control: Conflict 

Monitoring 

Verbal Stroop RTs for incongruent trials (Mixed blk) 

Non-Verbal 

Global-Local 
RTs for local incongruent trials (Mixed blk) 

Inference Control: 

Interference 

Suppression  

Verbal Stroop 
Stroop Effect: RT difference between incongruent trials (Pure 

block) and congruent trials (Pure block) 

Non-Verbal 

Global-Local 

Conflict effect: RT difference between incongruent local trials 

(Pure block) and congruent local trials (Pure block) 

Selective 

Response 

Inhibition 

Verbal Stroop Overall RTs on incongruent trials (Pure Block) 

Non-Verbal 

Global-Local 
Overall RTs on local incongruent trials (Pure Block) 

Task Engagement 

& Disengagement 

Verbal Stroop 
Switch cost: RT difference between switch trials and repeat 

trials (Mixed block)  

Non-Verbal 

Global-Local 

Switch cost: RT difference between switch trials and repeat 

trials (Mixed block)  

 

2.3. General Procedure 

 The candidate conducted training for a team of research assistants in data 

collection and supervised the entire data collection process (see Appendix C for samples 

of training materials developed by the candidate). Trained research assistants 
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administered all tasks individually at a quiet room. All participants provided informed 

consent before participating. Participants completed the tasks across two separate 

sessions. In the first session, they completed all language-related tasks (i.e., verbal 

fluency tasks and receptive vocabulary tasks for English and Mandarin). All language 

tasks were administered in English followed by Mandarin. In the second session, 

participants completed the two executive control tasks. The order of the executive control 

tasks were counterbalanced across participants. The session ended with the completion 

of the language background questionnaire. 

3. Data Preparation and Data Analysis Approach 

This current study (Study One) seeks to examine the relative effects of bilinguals’ 

engagement in dual-language context language switching and language competency in 

each language, on verbal and non-verbal cognitive control processes. This section 

describes the data that are included and prepared for analysis, the data analysis approach 

to address the aim of this current study, and the relevant assumptions that were tested. 

3.1. Independent Variables: Language Measures 

  The following language variables were included in the planned analyses as 

independent variables: (1) Self-reported engagement in a dual-language context (DLC), 

(2) self-reported language competency for English (English Competency Composite 

Score) and Mandarin (Mandarin Competency Composite Score), (3) objective language 

measures for receptive vocabulary for English (i.e., PPVT-4) and Mandarin (i.e., BLAB 

or EMLAB), and (4) objective language measure for verbal fluency (semantic and 

phonological) for English and Mandarin.  Descriptive statistics of all language measures 

are presented in Table 4 above. These language measures were chosen as independent 

variables as they are discussed within the Adaptive Control Hypothesis to be bilingual 
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experiences which engage bilinguals’ language control (Green & Abutalebi 2013). Past 

evidence have also associated them with bilinguals’ language and cognitive control (e.g., 

Hartanto & Yang 2016; Soveri et al., 2011; Singh & Misra, 2012; Yow & Li, 2015). 

 To measure self-reported language switching in the dual-language context, four 

items (on a 5-point scale) were chosen from the Language Background Questionnaire. 

The four questions are: “When conversing with friends, I tend to switch between English 

and Mandarin”, “When conversing with family members, I tend to switch between 

English and Mandarin”, “In the school environment, I tend to switch between English and 

Mandarin”, and “In my home environment, I tend to switch between English and 

Mandarin”. A composite score was taken across all four items (range of scores from four 

to 20). Higher scores would denote higher self-rated frequency of language switching in 

a dual-language context environment. A reliability analysis was carried out on the four 

items measuring engagement in the dual-language context. Cronbach’s alpha showed that 

the questionnaire reached reasonable acceptability, α = 0.78. This suggests that the 

questions were adequately consistent in measuring bilinguals’ language switching in the 

dual-language context (Table 4). 

 To measure self-reported competency in English and Mandarin, four items (each 

language) were chosen from the Language Background Questionnaire. The four questions 

are based on self-ratings of perceived language proficiency in understanding, speaking, 

reading and writing (on a 5-point scale). For each language, a composite score was taken 

across four items (range of scores from four to 20). Higher scores would denote higher 

self-rated competency in the language. A reliability analysis was carried out on the four 

items for English and Mandarin. For English Competency Composite, the Cronbach’s 

alpha showed high reliability, α = 1.00. For Mandarin Competency Composite, the 
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Cronbach’s alpha showed high reliability, α = 0.98. This suggests that the questions have 

strong internal consistency in measuring self-reported language competency in English 

and Mandarin (Table 4). 

 To objectively measure receptive vocabulary in English, the PPVT-4 task was used. 

Participants’ raw scores were converted to percentage scores. Raw scores were divided 

by the total number of 228 test items and percentage scores were derived based on that 

(Dunn & Dunn, 2007). Higher percentage scores would denote more English receptive 

vocabulary knowledge. Cronbach’s alpha showed that the task reached high reliability, α 

= 0.94. This is observed to similarly reflect the internal consistency reliability reported 

based on the task’s norm-referenced data (α = ~0.92) (PPVT-4, Dunn & Dunn, 2007). 

This suggest that the PPVT-4 has strong internal consistency in measuring English 

receptive vocabulary within this current sample (Table 4). 

 To measure receptive vocabulary in Mandarin, the BLAB or EMLAB task was 

used. For the BLAB task, raw scores were divided by the total number of 80 test items. 

For the EMLAB task, raw scores were divided by the total number of 48 test items. For 

both BLAB and EMLAB, participant’s raw scores were converted to percentage scores. 

Higher percentage scores would denote more Mandarin receptive vocabulary knowledge. 

Reliability analyses were carried out for participant’s responses on BLAB and EMLAB. 

Cronbach’s alpha showed that both tasks reached high reliability of α = 0.93 and α = 0.92, 

respectively. These findings suggests that both BLAB and EMLAB are internally 

consistent in measuring Mandarin receptive vocabulary. The similarity of their reliability 

statistics also suggest that both tasks are comparable with one another. 
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 To objectively measure verbal fluency in English and Mandarin, the semantic and 

phonological verbal fluency task was used. For both tasks, participants were scored based 

on the total number of correct words (raw scores) produced within one minute (in English 

and Mandarin separately). Higher raw scores would denote more production of words in 

each language. 

3.2. Dependent Variables: Verbal and Non-Verbal Cognitive Control Processes  

 The following cognitive control processes were included as dependent variables – 

goal maintenance, interference control: conflict monitoring, interference control: 

interference suppression, selective response inhibition, and task engagement and 

disengagement. These cognitive control processes follow that of the Adaptive Control 

Hypothesis (Green & Abutalebi, 2013). Verbal and non-verbal cognitive control were 

measured through the Stroop task and Global-Local task respectively.  

 These cognitive control measures were chosen as dependent variables as they are 

discussed within the Adaptive Control Hypothesis to be cognitive control processes 

associated with bilinguals’ language control. Due to observed discrepancies related to 

current approaches in measuring cognitive control, this study seeks to comprehensively 

examine across various cognitive control processes and domains. All cognitive control 

task measures were chosen and defined to align closely with the Adaptive Control 

Hypothesis (Green & Abutalebi, 2013) and based on past evidence in bilingual research 

(e.g., Blumenfeld & Marian, 2014; Lehtonen et al., 2018; Rubin & Meiran, 2005). 

Descriptive statistics of all verbal and non-verbal cognitive control measures are 

presented in Table 6 below.  

To measure goal maintenance, the mixing cost (incongruent trial-types) was used 

for the verbal Stroop task and non-verbal Global-Local task (local incongruent trial-types). 
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Smaller mixing costs (lower RTs) would suggest mixing cost efficiency. To measure 

interference control: conflict monitoring, RTs for incongruent trials (mixed block) was 

used for the verbal Stroop task, and RTs for local incongruent trials (mixed block) was 

used for the non-verbal Global-Local task. Lower RTs would suggest efficiency (faster 

processing). To measure interference control: interference suppression, the Stroop effect 

was used for the verbal Stroop task, and the conflict effect was used for the non-verbal 

Global-Local task. For both measures, smaller costs (lower RTs) would suggest Stroop 

and conflict cost efficiency. To measure selective response inhibition, RTs for 

incongruent trials (pure block) was used for the verbal Stroop task, and RTs for local 

incongruent trials (pure block) was used for the Global-Local task. Lower RTs would 

suggest efficiency (faster processing). Lastly, to measure task engagement and 

disengagement, the switching cost was used for both the Stroop task and Global-Local 

task. Smaller switching costs (lower RTs) would suggest switch cost efficiency. Refer to 

Table 5 for description of all cognitive control measures and Chapter 2: Cognitive Control 

Processes section for detailed explanation of task measures. 

A reliability analysis was carried out for the verbal Stroop task and non-verbal 

Global Local task (RTs of accurate trials). For each task, five cognitive control processes 

were measured.  For the Stroop task, Cronbach’s alpha showed that the task reached 

moderate reliability, α = 0.64. This could suggest that the Stroop task is adequately 

consistent in measuring verbal cognitive control. For the Global-Local task, Cronbach’s 

alpha showed that the task reached lower reliability, α = 0.45. This could suggest that the 

Global-Local task may be less consistent in its measure of non-verbal cognitive control. 

Across both tasks, reliability analyses suggest lower to moderate internal consistency. As 

each measure assesses unique factors (e.g., goal maintenance, interference control, task 
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engagement and disengagement etc.), these findings could highlight the different aspects 

of cognitive control processes that are being measured in each task, and suggest that there 

is diversity of the cognitive control network (e.g., Miyake & Friedman, 2012). 

3.2.1. Data Trimming for Cognitive Control Tasks 

Reaction time (RT) analyses were based only on trials with correct responses 

(accurate trials only). Firstly, to attain individual task accuracy, trials with incorrect 

responses were omitted. Thereafter, trials with RTs below 200ms or above 2.5 SDs from 

the mean in each condition were trimmed for each individual participant. This allows for 

the best measure of central tendency for each condition (Friedman et al., 2011; Yow & 

Li, 2015). Data were further trimmed across the entire sample for each condition, in which 

trials with accuracy and RTs below 2.5 SDs from the overall mean of each condition were 

omitted. All of this resulted in the exclusion of 3% of trials from the Stroop task and 5% 

of trials from the Global-Local task. No participants were removed for performance 

reasons in any of the two tasks. Table 6 shows the descriptive statistics for RTs of all 

cognitive control tasks measures. 
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Table 6. Descriptive Statistics of Cognitive Control Measures.  
 RTs of Trial Types and Measures M SD Minimum Maximum Skew Kurtosis Reliability

(α) 

Stroop Task  0.64 

Goal Maintenance  66.62 154.20 -353.45 997.36 1.69 2.55  

Interference Control: Conflict Monitoring  1041.38 237.44 665 1884.65 1.36 2.63  

Interference Control: Interference Suppression  183.91 157.02 -130.90 642.22 0.73 0.28  

Selective Response Inhibition  975.78 206.42 644.27 1591.96 0.72 0.18  

Task Engagement & Disengagement 31.16 96.50 -170.11 372.00 0.53 0.69  

Global-Local Task 0.45 

Goal Maintenance  757.41 304.44 -427.32  1998.42 0.15 2.83  

Interference Control: Conflict Monitoring  1481.76 280.30 803.82 2576.50 0.65 0.81  

Interference Control: Interference Suppression  40.95 100.69 -314.42 315.31 -0.35 1.51  

Selective Response Inhibition  975.78 201.76 431.86 1530.50 1.69 2.98  

Task Engagement & Disengagement 366.54 203.02 -109.70 847.71 0.02 -0.11  

n = 127-130 for all analyses 

Note: All range values are in milliseconds 
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3.2.2. Measuring Congruency and Costs Effects for Cognitive Control Tasks 

 Paired-samples t-tests were conducted to compare RTs performance across 

different trial types and conditions of cognitive control task measures. Results indicate 

that all participants showed congruency effects (e.g., congruent vs. incongruent trials) and 

cognitive cost effects (e.g., mixing costs and switching costs) between different trial types 

and conditions. This is observed through the significant differences in task performance 

between congruent (easier) and incongruent (more difficult) trials in both pure and mixed 

blocks, between pure block conditions (easier) and mixed block conditions (more difficult, 

and between repeat (easier) and switch (more difficult) trials in the mixed blocks. These 

findings suggest support for expected task performance effects associated with the 

different trial types and conditions in both the Stroop task and Global-Local task (e.g., 

Bialystok, 2010; Rubin & Meiran, 2005). Table 7 shows the descriptives and results from 

the paired-samples t-test for various trial types (congruent and incongruent) in the pure 

blocks and mixed blocks, for the Stroop task and Global-Local task.
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Table 7. Means and SDs of Verbal and Non-Verbal Cognitive Control Measures for Various Trial Types and Conditions (RTs). 

Task Effects Cognitive Measures Mean RT (ms) SD (ms) Paired-Samples t-test (sig) 

Verbal Stroop Task 

Congruency Effect Congruent trials (Pure Block) 973.37 162.32 r = 0.67** 

t(127) = -13.25, p = 0.00, d = -0.99 Incongruent trials (Pure Block) 977.29 207.67 

Congruency Effect Congruent trials (Mixed Block) 876.60 236.93 r = 0.82** 

t(128) = -14.14, p = 0.00, d = -0.78 Incongruent trials (Mixed Block) 1045.52 291.25 

Mixing Cost Effect Incongruent trials (Pure Block)  975.60 207.21 r = 0.77** 

t(128) = -4.71, p = 0.00, d = -0.29 Incongruent trials (Mixed Block) 1042.22 236.20 

Switching Cost Effect Repeat trials (Mixed Block) 933.82 933.82 r = 0.89** 

t(129) = -3.68, p = 0.00, d = -0.14 Switch trials (Mixed Block) 964.98 964.98 

Non-Verbal Global-Local Task 

Congruency Effect Global Congruent trials (Pure Block) 656.06 176.64 r = 0.77** 

t(127) = -3.26, p = 0.00, d = -0.16 Global Incongruent trials (Pure Block) 690.59 176.87 

Congruency Effect Local Congruent trials (Pure Block) 684.97 195.16 r = 0.87** 

t(128) = -4.62, p = 0.00, d = -0.22 Local Incongruent trials (Pure Block) 725.92 195.41 

Congruency Effect Global Congruent trials (Mixed Block) 1313.40 315.20 r = 0.70** 

t(127) = -8.18, p = 0.00, d = -0.57 Global Incongruent trials (Mixed Block) 1509.94 373.78 

Congruency Effect Local Congruent trials (Mixed Block) 1357.11 291.20 r = 0.57** 

t(126) = -5.46, p = 0.00, d = 0.41 Local Incongruent trials (Mixed Block) 1487.10 285.08 

Mixing Cost Effect Local Incongruent trials (Pure Block)  725.92 195.41 r = 0.36** 

t(129) = 24.67, p = 0.00, d = 2.01 Local Incongruent trials (Mixed Block) 1487.10 285.08 

Switching Cost Effect Repeat trials (Mixed Block) 1211.67 274.18 r = 0.76** 

t(126) = -20.35, p = 0.00, d = 1.23 Switch trials (Mixed Block) 1587.22 301.75 
N = 127 – 130 for all analyses 
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3.3. Data Analysis Approach 

To address the two main research questions of this study, hierarchical regression 

analyses were conducted to examine the predictive relations between English and 

Mandarin language competency and language switching in the dual-language context  

(independent variables), with verbal and non-verbal cognitive control measures 

(dependent variables). Separate regression models were run for each domain of cognitive 

control – verbal and nonverbal. Models for English and Mandarin competency were also 

run separately. This was done to examine bilinguals’ absolute competency in each of their 

languages, and compare their relative effects with dual-language context switching on 

cognitive control processes.   

Prior to conducting these hierarchical regression analyses, the following steps 

were taken. First, correlation analyses were run to examine zero-order relations amongst 

the language measures (self-report and objective measures) for each language. This was 

done to examine the relations between subjective and objective language competency 

measures, and to see if they measure similar language competency skills. These 

correlations were also used as a test for the assumption of collinearity. High correlations 

would suggest multi-collinearity. Second, correlation analyses were run to examine 

relations between language measures (for each language) and verbal and non-verbal 

cognitive control measures. This was done to examine the relations between the 

independent variables and dependent variables. These correlation findings were used to 

determine the dependent variables that would be examined through regression analyses. 

Third, prior to conducting hierarchical multiple regressions, the relevant assumptions for 

normality, homoscedasticity, and multi-collinearity were tested.  
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To test for normality, skew and kurtosis statistics was examined for the 

independent variables and dependent variables (Table 4 and Table 6). It is observed that 

skew and kurtosis values for the independent and dependent variables in this study fall 

within acceptable range (i.e., skew: ±2; kurtosis: ±3). This suggests that all variables do 

not deviate from normality. To test for homoscedasticity, a visual inspection of the 

residual scatterplots was done. Based on this inspection, homoscedasticity was not 

violated.  

To test for multi-collinearity, correlations revealed that no predictor variables 

were highly correlated (all rs < 0.55) (see Tables 8 and 9). Next, all collinearity statistics 

(i.e., Tolerance and VIF) were within accepted limits. For English language competency, 

tests to see if the data met the assumption of collinearity indicated that multi-collinearity 

was not a concern (AoAB, Tolerance = 0.86, VIF = 1.16; English Receptive Vocabulary, 

Tolerance = 0.77, VIF = 1.30; English Semantic Verbal Fluency, Tolerance = 0.73, VIF 

= 1.37; English Phonological Verbal Fluency, Tolerance = 0.72, VIF = 1.39; English Self-

Rated Proficiency, Tolerance = 0.82, VIF = 1.22, Dual-Language Context, Tolerance = 

0.95, VIF = 1.05).   

 For Mandarin language competency, tests for the assumption of collinearity also 

indicated that multicollinearity was not a concern (AoAB, Tolerance = 0.93, VIF = 1.07; 

Mandarin Receptive Vocabulary, Tolerance = 0.63, VIF = 1.59; Mandarin Semantic 

Verbal Fluency, Tolerance = 0.68, VIF = 1.47; Mandarin Phonological Verbal Fluency, 

Tolerance = 0.82, VIF = 1.22; Mandarin Self-Rated Proficiency, Tolerance = 0.53, VIF 

= 1.88; Dual-Language Context, Tolerance = 0.71, VIF = 1.39). Thus, the assumptions of 

multi-collinearity were met (Hair, Anderson, Babin, & Black, 2010). The sample size of 
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133 was also deemed adequate given the number of variables to be included in the 

hierarchical regression analysis (Tabachnick, Fidell, & Osterlind, 2001). 

 Finally, to address the two main research questions of this study, hierarchical 

regression analyses were conducted to examine the unique contributions of language 

competency (English and Mandarin) and dual-language context switching on verbal and 

non-verbal cognitive control measures. 

4. Results 

4.1. Correlations amongst English Language Competency Measures 

To examine the relationship amongst various English language competency 

measures, a Pearson-correlation was conducted between these measures. Table 8 shows 

the correlations between English language competency measures, age of active 

bilingualism (AoAB), and self-reported engagement in a dual-language context. 

 Self-reported AoAB is significantly correlated with English receptive vocabulary 

(r = -0.30, p < 0.01) and semantic verbal fluency (r = -0.25, p < 0.01). These findings 

imply that earlier reported ages of being actively bilingual is associated with more English 

receptive vocabulary knowledge and more production of English words.  

 Significant relationships between most objective English language measures of 

proficiency were observed, rs > 0.21, ps < 0.01. Subjective self-reported English 

proficiency was also significantly correlated with objective measures of receptive 

vocabulary (r = 0.36, p < 0.01), semantic verbal fluency (r = 0.25, p < 0.01), and 

phonological verbal fluency (r = 0.33, p < 0.01). These findings imply that participants 

are able to accurately assess their English language competency. Since most of the 

objective and subjective English language proficiency measures are significantly 
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correlated with each other, this also suggests that these variables are measuring similar 

skills and that they may contribute to an underlying construct of English competency. 

Table 8. Correlation matrix for English Language Competency, AoAB, and 

Language Switching. 
 1 2 3 4 5 6 

1. Age of Active Bilingualism 

(AoAB) 

1      

2. Self-rated English proficiency -0.11 1     

3. Receptive vocabulary  -0.30** 0.36** 1    

4. English Verbal fluency - Semantic -0.25** 0.25** 0.21* 1   

5. English Verbal fluency -

Phonological 

-0.15 0.33** 0.30** 0.45** 1  

6. Dual-language context switching 

(DLC) 

-0.10 -0.14 -0.10 0.11 -0.06 1 

N = 127 for all analyses 

* p < 0.05 (2-tailed) 

 ** p < 0.01 (2-tailed) 

4.2. Correlations amongst Mandarin Language Competency Measures 

 To examine the relationship between various Mandarin language competency 

measures, a Pearson-correlation was conducted between these measures. Table 9 shows 

the correlations between Mandarin language competency measures and self-reported 

engagement in a dual-language context. 

 Significant relationships between all objective Mandarin language proficiency 

measures were observed, rs > 0.29, ps < 0.01. Subjective self-reported Mandarin 

competency was also significantly correlated with objective measures of receptive 

vocabulary (r = 0.55, p < 0.05), semantic verbal fluency (r = 0.48, p < 0.05), and 

phonological verbal fluency (r = 0.29, p < 0.05). These findings also imply that 

participants are able to accurately assess their Mandarin language competency. The 

significant correlations between objective and subjective Mandarin language 

competencies could also suggest that these variables contribute to an underlying construct 

of Mandarin competency. 
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Table 9. Correlation matrix for Mandarin Language Competency, AoAB, and 

Language Switching. 
 1 2 3 4 5 6 

1. Age of Active Bilingualism 

(AoAB) 

1      

2. Self-rated Mandarin proficiency -0.07 1     

3. Receptive vocabulary  -0.07 0.55** 1    

4. Mandarin Verbal fluency - 

Semantic 

-0.16 0.48** 0.39** 1   

5. Mandarin Verbal fluency - 

Phonological 

-0.21* 0.29** 0.19* 0.40** 1  

6. Dual-language switching (DLC) -0.10 0.48** 0.46** 0.20* 0.10 1 

N = 127 for all analyses 

* p < 0.05 (2-tailed) 

** p < 0.01 (2-tailed) 

 

4.3. Correlations between Language Measures and Cognitive Control Measures  

First, to examine the relations between bilinguals’ language competency in each 

of their languages and language switching in a dual-language context with verbal and 

non-verbal cognitive control, zero-order correlations were analyzed. This was done for 

English then Mandarin language measures, dual-language context switching, and the 

cognitive control measures of verbal and non-verbal goal maintenance, interference 

control: conflict monitoring and interference suppression, selective response inhibition, 

and task engagement and disengagement. Table 10 shows the correlations between all 

measures, and effect sizes for significant relations per cognitive control measure are 

reported below. 
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Table 10. Zero-order correlations of English and Mandarin Language Proficiency and Dual-Language Context (DLC) with Cognitive Measures. 

 
Language Proficiency Goal Maintenance Interference Control: 

Conflict Monitoring 

Interference Control: 

Interference 

Suppression 

Selective Response 

Inhibition 

Task Engagement & 

Disengagement 

 Verbal 

Stroop 

Non-verbal 

Global 

Local 

Verbal 

Stroop 

Non-verbal 

Global 

Local 

Verbal 

Stroop 

Non-verbal 

Global 

Local 

Verbal 

Stroop 

Non-verbal 

Global 

Local 

Verbal 

Stroop 

Non-verbal 

Global 

Local 

Control: AoAB 0.04 0.05 0.24** 0.06 -0.02 -0.01 0.22* 0.03 0.02 0.17* 

IV: English Language            

Self-Rated Proficiency 0.14 -0.08 0.02 -0.08 -0.06 0.04 -0.05 -0.03 -0.02 -0.08 

Semantic VF  0.00 -0.07 -0.27** -0.20* -0.11 -0.03 -0.31** -0.22* 0.06 -0.10 

Phonological VF 0.00 -0.04 -0.21* -0.06 -0.16 -0.07 -0.25** -0.04 -0.02 -0.05 

Receptive Vocabulary 0.04 -0.12 -0.15 -0.13 -0.23* -0.03 -0.20* -0.03 -0.03 -0.19* 

IV: Mandarin Language            

Self-Rated Proficiency -0.18* -0.02 -0.05 -0.01 0.24** -0.10 0.06 -0.04 -0.06 0.10 

Semantic VF  -0.17 -0.05 -0.08 0.01 0.15 0.09 0.01 0.06 -0.19* 0.09 

Phonological VF -0.10 -0.06 -0.25** -0.14 -0.01 0.01 -0.22* -0.17* -0.08 -0.05 

Receptive Vocabulary -0.11 -0.08 -0.10 -0.12 0.08 0.09 -0.02 -0.03 -0.02 0.12 

IV: DLC -0.11 -0.15 -0.16 -0.28** -0.06 -0.15 -0.10 -0.14 -0.04 0.14 

AoAB refers to the age of active bilingualism, VF refers to verbal fluency, DLC refers to dual-language context switching 

**p < 0.01 (2-tailed), *p < 0.05 (2-tailed) 
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4.3.1. Verbal Cognitive Control Processes (Stroop Task) 

4.3.1.1. Goal Maintenance (Mixing Cost of Incongruent Trials). Self-rated 

Mandarin proficiency was significantly correlated with smaller verbal mixing cost (i.e., 

efficiency) (r = -0.18, p < 0.05). 

4.3.1.2. Interference Control: Conflict Monitoring (RTs of Incongruent 

Trials in the Mixed Block). Significant correlations were observed between English 

semantic (r = -0.27, p < 0.05) and phonological verbal fluency (r = -0.21, p < 0.05) and 

verbal conflict monitoring efficiency (faster RTs). Mandarin phonological verbal fluency 

was also significantly correlated with verbal conflict monitoring efficiency (faster RTs) 

(r = -0.20, p < 0.05). 

4.3.1.3. Interference control: Interference Suppression (Stroop effect). 

English receptive vocabulary was significantly correlated with a smaller Stroop effect 

(i.e., efficiency) (r = -0.23, p < 0.05). On the other hand, Mandarin self-rated competency 

(r = 0.24, p < 0.01) was found to be associated with a larger Stroop effect (larger cost).  

4.3.1.4. Selective Response Inhibition (RTs on Incongruent Trials in the Pure 

Block). Significant correlations were observed between English semantic verbal fluency 

(r = -0.31, p < 0.05), phonological verbal fluency (r = -0.25, p < 0.05), and receptive 

vocabulary (r = -0.20, p < 0.05) with verbal selective response inhibition efficiency (faster 

RTs).  

4.3.1.5. Task Engagement and Disengagement (Switching Cost). Mandarin 

semantic verbal fluency was related to smaller verbal switching cost (efficiency) (r = -

0.19, p < 0.05). 
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4.3.2. Non-Verbal Cognitive Control Processes (Global-Local Task) 

4.3.2.1. Goal Maintenance (Mixing Cost of Local Incongruent Trials). All 

correlations between language measures and non-verbal mixing costs were not significant 

(all ps > 0.05). 

 4.3.2.2. Interference Control: Conflict Monitoring (RTs of Local Incongruent 

Trials in the Mixed Block). English semantic verbal fluency (r = -0.20, p < 0.05) and 

dual-language context switching (r = -0.28, p < 0.01) were significantly correlated with 

non-verbal conflict monitoring efficiency (faster RTs).  

4.3.2.3. Interference Control: Interference Suppression (Conflict Effect). All 

correlations between language measures and the conflict effect were not significant (all 

ps > 0.05). 

4.3.3.4. Selective Response Inhibition (RTs of Local Incongruent Trials in the 

Pure Block). English semantic verbal fluency (r = -0.22, p < 0.05) and Mandarin 

phonological verbal fluency (r = -0.17, p < 0.05) were significantly correlated with non-

verbal selective response inhibition efficiency (faster RTs).   

4.3.3.5. Task Engagement and Disengagement (Switching Cost). English 

receptive vocabulary was related to a smaller non-verbal switching cost (i.e., efficiency) 

(r = -0.14, p < 0.05). 
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4.4. Regression Analyses: Effects of Differential Bilingual Experiences on Cognitive 

Control 

To address the main research question, hierarchical regression analyses were 

conducted with language variables entered as independent variables, and cognitive 

control processes as dependent variables. 

4.4.1. Independent Variables 

The first step in each model included age of active bilingualism (AoAB) as a 

predictor and this served as a control variable. The second step included language 

competency measures entered as a block, including receptive vocabulary, semantic and 

phonological verbal fluency, and self-reported language competency. This was done in 

separate models for English and Mandarin. These independent variables were included to 

account for a comprehensive view of bilinguals’ language competency, which have 

typically used them separately as indicators. The third step included the self-rating of 

dual-language context switching. This was done to examine the relative effects of 

different bilingual experiences and whether experiences with engaging in dual-language 

context switching explain differences in cognitive control beyond language competency.  

4.4.2. Dependent Variables 

For verbal cognitive control, the following measures were analyzed as dependent 

variables: (1) goal maintenance (mixing cost), (2) interference control: conflict 

monitoring (RTs for incongruent trials in mixed block), (3) interference control: 

interference suppression (Stroop effect), and (4) selective response inhibition (RTs for 

incongruent trials in pure block), and (5) task engagement and disengagement (switching 

cost). 
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For non-verbal cognitive control, the following measures were analyzed as 

dependent variables – (1) interference control: conflict monitoring (RTs for local 

incongruent trials in mixed block), (2) selective response inhibition (RTs for local 

incongruent trials in pure block), and (3) task engagement and disengagement (switching 

cost). 

Each of these cognitive control measures were dependent variables for each 

regression analyses. These dependent variables were chosen because they are purported 

to reflect different aspects of cognitive control proposed within the Adaptive Control 

Hypothesis (see Table 5), are widely used as measures of cognitive control performance 

(e.g, Rubin & Meiran, 2005), and were found to be correlated with aspects of bilingualism 

in this current study (refer to correlation table 10). Given discrepancies observed in the 

literature, this was done to comprehensively examine cognitive control effects associated 

with bilingual experiences. 

Research Question 1a: What are the relative effects of dual-language context 

switching and language competencies on verbal cognitive control processes? 

4.4.2.1. Verbal Goal Maintenance (Mixing Cost). All hierarchical regression 

models on the verbal Stroop mixing cost were not significant for English and Mandarin 

competency (across Steps 1, 2, and 3) (all models’ ps > 0.05). This demonstrates that all 

language measures (English and Mandarin) and dual-language context were not 

predictors of performance on the Stroop mixing cost. This suggest that language 

competencies and engagement in a dual-language context was not predictive of verbal 

goal maintenance processes (Tables 11 and 12). 
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Table 11. Results of Hierarchical Regression Analysis of English Competency and Dual-Language Context on Verbal Goal 

Maintenance (Stroop Task: Mixing Cost). 

 
Stroop Mixing Cost 

 Step 1 Step 2 Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control           

AoAB 2.72 5.97 0.04 3.92 6.44 0.06 4.09 6.48 0.06 

Step 2: Language Competency           

Receptive Vocabulary    0.89 2.35 0.04 0.95 2.37 0.04 

Semantic Verbal Fluency    -0.65 1.37 -0.05 -0.70 1.39 -0.06 

Phonological Verbal Fluency    0.74 1.80 0.05 0.77 1.81 0.05 

Self-Rated Proficiency    6.74 5.35 0.13 6.90 5.41 1.31 

Step 3: Language Switching          

Dual Language Context (DLC)       0.88 3.08 0.03 

R2 0.00 0.02 0.03 

Δ R2  0.02 0.00 

Δ F  0.60 0.78 

Overall Model Significant 0.65 0.70 0.80 

**p < 0.01, *p < 0.05  
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Table 12. Results of Hierarchical Regression Analysis of Mandarin Competency and Dual-Language Context on Verbal Goal 

Maintenance (Stroop Task: Mixing Cost). 

 
Stroop Task: Mixing Cost 

 Step 1 Step 2 Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 1.48 6.34 0.02 1.57 6.58 0.02 1.88 6.60 0.03 

Step 2: Language Competency          

Receptive Vocabulary    -0.70 1.09 -0.08 -0.96 1.13 -0.10 

Semantic Verbal Fluency    -0.27 2.09 -0.02 -0.16 2.09 -0.01 

Phonological Verbal Fluency    1.45 2.30 0.07 1.52 2.31 0.07 

Self-Rated Proficiency    -3.72 3.99 -0.12 -4.84 4.20 -0.15 

Step 3: Language Switching          

Dual Language Context (DLC)       3.31 3.76 0.10 

R2 0.00 0.03 0.04 

Δ R2  0.03 0.01 

Δ F  0.79 0.78 

Overall Model Significant 0.82 0.67 0.68 

**p < 0.01, *p < 0.05 
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4.4.2.2. Verbal interference control: Conflict monitoring (RTs of incongruent 

trials in mixed block). For English language competency, the second step with all four 

English language variables explained 14.2% of the variance (R2 = 0.14, F(5, 115) = 3.82 

, p = 0.03), and semantic verbal fluency (β = -2.45, p = 0.02) contributed to the model 

significantly. The addition of dual-language context into the third step did not 

significantly improve the overall model and the change in R2 was not significant (R2 

change = 0.00, F change = 0.53, p = 0.47) (Table 13).  

This was similarly observed for Mandarin language competency, where the 

significant contribution of phonological fluency (β = -0.22, p = 0.04) in the second step, 

contributed to the model significantly. The addition of dual-language context into the 

third step also did not improve the overall model. These regression results suggest that 

higher semantic verbal fluency in English and phonological verbal fluency in Mandarin 

are predictive of faster RTs of incongruent trial types (i.e., efficiency) in the verbal Stroop 

task. Engagement in a dual-language context was not predictive of performance on the 

task (Table 14). This suggests that verbal fluency in English and Mandarin is predictive 

of verbal interference control: conflict monitoring processes. 
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Table 13. Results of Hierarchical Regression Analysis of English Competency and Dual-Language Context on Verbal Interference 

Control: Conflict Monitoring. 

 
Stroop Task: RTs for Incongruent Trials (Mixed Block) 

 Step 1 Step 2 Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 26.59 10.21 2.60 16.64 10.61 0.15 15.92 10.68 0.14 

Step 2: Language Competency          

Receptive Vocabulary    -3.29 3.89 -0.08 -3.50 3.91 -0.09 

Semantic Verbal Fluency    -5.50* 2.24 -0.24* -5.22* 2.28 0.23* 

Phonological Verbal Fluency    -2.69 2.96 -0.09 -2.88 2.98 -0.10 

Self-Rated Proficiency    12.62 8.64 0.13 11.89 8.72 0.13 

Step 3: Language Switching          

Dual Language Context (DLC)       -3.62 4.99 -0.07 

R2 0.05 0.14 0.15 

Δ R2  0.09 0.00 

Δ F  2.97* 0.53 

Overall Model Significant p = 0.01** p = 0.00** p = 0.01** 

**p < 0.01, *p < 0.05 
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Table 14. Results of Hierarchical Regression Analysis of Mandarin Competency and Dual-Language Context on Verbal Interference 

Control: Conflict Monitoring. 

 
Stroop Task: RTs for Incongruent Trials (Mixed Block) 

 Step 1 Step 2 Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 28.59 10.79 0.25 23.15* 11.07 0.20 22.57* 11.12 0.19 

Step 2: Language Competency          

Receptive Vocabulary    -2.03 1.83 -0.12 -1.60 1.91 -0.10 

Semantic Verbal Fluency    1.72 3.50 0.05 1.48 3.52 0.05 

Phonological Verbal Fluency    -8.14* 3.89 -0.21* -8.25* 3.89 -0.22* 

Self-Rated Proficiency    7.03 6.66 0.13 8.67 7.00 0.16 

Step 3: Language Switching          

Dual Language Context (DLC)       -4.79 6.19 -0.08 

R2 0.06 0.11 0.11 

Δ R2  0.05 0.01 

Δ F  1.41 0.60 

Overall Model Significant p = 0.01 p = 0.03* p = 0.05 

**p < 0.01, *p < 0.05 
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4.4.2.3. Verbal interference control: Interference suppression (Stroop effect). 

All hierarchical regression models on the Stroop effect were not significant for English 

and Mandarin competency (across Steps 1, 2, and 3) (all ps > 0.05). This demonstrates 

that all language measures (English and Mandarin) and dual-language context were not 

predictors of performance for the Stroop effect. This suggest that language competencies 

and engagement in a dual-language context was not predictive of verbal interference 

control: interference suppression processes (Tables 15 and 16) 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                                                                                                                                       152                                                                                                   

 

 

Table 15. Results of Hierarchical Regression Analysis of English Competency and Dual-Language Context on Verbal Interference 

Control: Interference Suppression (Stroop Effect). 

 
Stroop Effect 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB -3.40 7.32 -0.04 -10.98 7.69 -0.14    

Step 2: Language Competency          

Receptive Vocabulary    -5.59* 2.81 -0.21* -5.78 2.81 -0.21 

Semantic Verbal Fluency    -1.01 1.62 -0.07 -7.34 1.64 -0.05 

Phonological Verbal Fluency    -2.77 2.14 -0.14 -2.98 2.16 -0.15 

Self-Rated Proficiency    4.91 2.14 0.77 -5.78* 6.37 0.06* 

Step 3: Language Switching          

Dual Language Context (DLC)       -3.81 3.74 -0.10 

R2 0.00 0.08 0.09 

Δ R2  0.08 0.09 

Δ F  0.06 0.31 

Overall Model Significant p = 0.65 p = 0.10 p = 0.12 

**p < 0.01, *p < 0.05  
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Table 16. Results of Hierarchical Regression Analysis of Mandarin Competency and Dual-Language Context on Verbal Interference 

Control: Interference Suppression (Stroop Effect). 

 
Stroop Effect 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB -2.09 7.57 -0.03 -2.42 7.67 -0.03 -3.04 7.60 -0.04 

Step 2: Language Competency          

Receptive Vocabulary    -1.05 1.25 -0.10 -0.51 1.27 -0.05 

Semantic Verbal Fluency    1.93 2.42 0.09 1.61 2.40 0.08 

Phonological Verbal Fluency    -2.99 2.69 -1.12 -3.05 2.66 -0.12 

Self-Rated Proficiency    10.17* 4.52 0.27* 12.96* 4.74 0.35* 

Step 3: Language Switching          

Dual Language Context (DLC)       -7.71 4.40 -0.19 

R2 0.00 0.07 0.10 

Δ R2  0.07 0.10 

Δ F  0.10 0.08 

Overall Model Significant p = 0.78 p = 0.16 p = 0.09 

**p < 0.01, *p < 0.05 
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4.4.2.4. Verbal Selective Response Inhibition (RTs of Incongruent Trials in 

Pure Block). For English language competency, the second step with all four English 

language variables explained 16.2% of the variance (R2 = 0.16, F(5, 114) = 4.41 , p = 

0.00), and semantic verbal fluency (β = -2.24, p = 0.02) contributed to the model 

significantly. The addition of dual-language context into the third step did not 

significantly improve the overall model and the change in R2 was not significant (R2 

change = 0.00, F change = 0.94, p = 0.33) (Table 17). This suggests that higher semantic 

verbal fluency in English is predictive of faster RTs of incongruent trial types (i.e., 

efficiency) in the verbal Stroop task. These regression results suggest that higher semantic 

verbal fluency in English is predictive of efficiency in verbal selective response inhibition 

processes.  

For Mandarin language competency, although the overall model was significant, 

the contribution of language variables in the second step, and the addition of the dual-

language context into the third step did not improve the overall model (Table 18).  

Engagement in a dual-language context was not predictive of performance on the task 

(Tables 17 and 18). 
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Table 17. Results of Hierarchical Regression Analysis of English Competency and Dual-Language Context on Verbal Selective 

Response Inhibition  

 
Stroop Task: RTs of Incongruent Trials (Pure Block) 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 22.49 9.38 0.22 11.21 9.60 0.11 10.40 9.63 0.10 

Step 2: Language Competency          

Receptive Vocabulary    -4.25 3.51 -0.12 -4.54 3.52 -0.13 

Semantic Verbal Fluency    -4.90* 2.03 -0.24* -4.61* 2.06 -0.23* 

Phonological Verbal Fluency    -3.81 2.68 -0.14 -4.01 2.69 -0.15 

Self-Rated Proficiency    9.76 7.92 0.12 8.87 7.98 0.11 

Step 3: Language Switching          

Dual Language Context (DLC)       -4.41 4.56 -0.09 

R2 0.05 0.16 0.17 

Δ R2  0.12** 0.01 

Δ F 3.93 3.93 0.94 

Overall Model Significant p = 0.02* p = 0.00** p = 0.00** 

**p < 0.01, *p < 0.05 
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Table 18. Results of Hierarchical Regression Analysis of Mandarin Competency and Dual-Language Context on Verbal Selective 

Response Inhibition  

 
Stroop Task: RTs of Incongruent Trials (Pure Block) 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 25.63 9.83 0.24 20.28 9.95 0.19 19.50 9.92 0.18 

Step 2: Language Competency          

Receptive Vocabulary    -0.97 1.62 -0.07 -0.40 1.67 -0.03 

Semantic Verbal Fluency    1.66 3.15 0.06 1.35 3.14 0.05 

Phonological Verbal Fluency    -9.47** 3.48 -0.27** -9.62** 3.50 -0.28** 

Self-Rated Proficiency    8.92 5.84 0.18 11.78* 6.17 0.24* 

Step 3: Language Switching          

Dual Language Context (DLC)       -7.75 5.62 -0.15 

R2 0.06 0.13 0.15 

Δ R2  0.07 0.02 

Δ F  2.20 0.17 

Overall Model Significant p = 0.01* p = 0.01* p = 0.01* 

**p < 0.01, *p < 0.05 
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4.4.2.5. Verbal Task Engagement and Disengagement (Switching Cost). All 

hierarchical regression models on the switching cost were not significant for English and 

Mandarin competency (across Steps 1, 2, and 3) (all ps > 0.05). This demonstrates that 

all languages measures (English and Mandarin) and dual-language context were not 

predictors of switching cost performance. This suggest that language competencies and 

engagement in a dual-language context was not predictive of verbal task engagement and 

disengagement (Tables 19 and 20). 

Overall, it is observed that verbal fluency in English (semantic) and Mandarin 

(phonological) is predictive of efficiency in verbal interference control: conflict 

monitoring processes. Verbal fluency in English (semantic) is also predictive of 

efficiency in verbal selective response inhibition processes. Dual-language context 

switching is not predictive of any verbal cognitive control processes. 
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Table 19. Results of Hierarchical Regression Analysis of English Competency and Dual-Language Context on Verbal Task 

Engagement and Disengagement (Switching Cost).  

 
Stroop Task: Switching Cost 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 1.12 4.34 0.02 1.47 4.70 0.03 1.44 4.74 0.03 

Step 2: Language Competency          

Receptive Vocabulary    -0.88 1.72 -0.05 -0.88 1.74 -0.05 

Semantic Verbal Fluency    0.97 0.99 0.10 0.98 1.01 0.11 

Phonological Verbal Fluency    0.15 1.31 0.01 0.14 1.33 0.01 

Self-Rated Proficiency    -1.43 3.83 -0.04 -1.46 3.88 -0.04 

Step 3: Language Switching          

Dual Language Context (DLC)       -0.17 2.22 -0.01 

R2 0.00 0.01 0.01 

Δ R2  0.01 0.00 

Δ F  0.36 0.01 

Overall Model Significant 0.80 0.91 0.96 

**p < 0.01, *p < 0.05 
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Table 20. Results of Hierarchical Regression Analysis of Mandarin Competency and Dual-Language Context on Verbal Task 

Engagement and Disengagement (Switching Cost).  

 
Stroop Task: Switching Cost 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 0.08 4.38 0.00 -1.14 4.54 -0.02 -1.23 4.57 -0.03 

Step 2: Language Competency          

Receptive Vocabulary    0.04 0.75 0.00 0.11 0.78 0.02 

Semantic Verbal Fluency    -2.37 1.44 -0.19 -2.41 1.45 -0.20 

Phonological Verbal Fluency    -0.26 1.60 -0.02 -0.28 1.60 -0.02 

Self-Rated Proficiency    2.37 2.73 0.11 2.63 2.88 1.21 

Step 3: Language Switching          

Dual Language Context (DLC)       -0.78 2.55 -0.03 

R2 0.00 0.03 0.03 

Δ R2  0.03 0.00 

Δ F  0.77 0.09 

Overall Model Significant 0.99 0.69 0.79 

**p < 0.01, *p < 0.05 
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Research Question 1b: What are the relative effects of dual-language context 

switching and language competencies on non-verbal cognitive control processes? 

4.4.2.6. Non-Verbal Interference Control: Conflict Monitoring (RTs of Local 

Incongruent Trials in Mixed Block). The regression model for English language 

competency and language switching revealed that the second step, which measured the 

effects of all English language variables, did not contribute to the model significantly (R2 

= 0.06, F(5, 112) = 1.50 , p = 0.20). However, the addition of dual-language context into 

the third step significantly improved the overall model and the change in R2 was 

significant (R2 change = 0.07, F change = 9.28, p = 0.00), with dual-language context 

contributing significantly to the model (β = -0.28, p = 0.03) (Table 21). 

Similarly, the model for Mandarin language competency, also showed that the 

addition of dual-language context into the third step significantly improved the overall 

model and the change in R2 was significant (R2 change = 0.07, F change = 7.96, p = 0.03), 

with dual-language context contributing significantly to the model (β = -0.31, p = 0.01). 

These results imply that higher engagement in a dual-language context was predictive of 

faster reaction times in the non-verbal Global-Local task, and is a stronger predictor of 

task performance as compared to all language competency measures (Table 22). This 

suggests that the engagement in a dual-language context is predictive of non-verbal 

interference control: conflict monitoring processes. 
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Table 21. Results of Hierarchical Regression Analysis of English Competency and Dual-Language Context on Non-Verbal 

Interference Control: Conflict Monitoring.  

 
Global-Local Task: RTs of local incongruent trials in mixed block 

 Step 1 Step 2 Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 10.52 13.58 0.07 -1.20 14.44 -0.01 -6.08 14.02 -0.04 

Step 2: Language Competency          

Receptive Vocabulary    -4.89 5.22 -0.10 -6.49 5.06 -0.13 

Semantic Verbal Fluency    -6.49* 3.01 -0.23* -4.93 2.95 -0.17 

Phonological Verbal Fluency    2.10 4.00 0.06 0.81 3.88 0.02 

Self-Rated Proficiency    -3.15 22.61 -0.03 -6.93 11.27 -0.06 

Step 3: Language Switching          

Dual Language Context (DLC)       -19.75** 6.48 -0.28** 

R2 0.01 0.06 0.14 

Δ R2  0.00 0.07 

Δ F  1.72 9.28** 

Overall Model Significant p = 0.44 p = 0.20 p = 0.01** 

**p < 0.01, *p < 0.05 
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Table 22. Results of Hierarchical Regression Analysis of Mandarin Competency and Dual-Language Context on Non-Verbal 

Interference Control: Conflict Monitoring.  

 
Global-Local Task: RTs of local incongruent trials in mixed block 

 Step 1 Step 2 Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 13.66 14.37 0.10 7.32 14.69 0.05 3.60 14.28 0.02 

Step 2: Language Competency          

Receptive Vocabulary    -3.20 2.41 -0.15 -1.52 2.41 -0.07 

Semantic Verbal Fluency    2.83 4.63 0.07 1.46 4.50 0.04 

Phonological Verbal Fluency    -9.77 5.17 -0.20 -10.01* 5.01 -0.20* 

Self-Rated Proficiency    7.16 8.87 0.10 16.07 9.15 0.23 

Step 3: Language Switching          

Dual Language Context (DLC)       -22.39** 7.94 -0.31** 

R2 0.01 0.06 0.13 

Δ R2  0.05 0.07 

Δ F  1.33 7.96** 

Overall Model Significant p = 0.34 p = 0.30 p = 0.03* 

**p < 0.01, *p < 0.05 
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4.4.2.7. Non-Verbal Selective Response Inhibition (RTs of Local Incongruent 

Trials in Pure Block). All hierarchical regression models on non-verbal selective 

response inhibition were not significant for English and Mandarin competency (across 

Steps 1, 2, and 3) (all ps > 0.05). This demonstrates that all languages measures (English 

and Mandarin) and dual-language context were not predictors of performance on non-

verbal selective response inhibition. This suggest that language competencies and 

engagement in a dual-language context were not predictive of non-verbal selective 

response inhibition (Tables 23 and 24). 
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Table 23. Results of Hierarchical Regression Analysis of English Competency and Dual-Language Context on Non-Verbal Selective 

Response Inhibition.  

 
Global-Local Task: RTs of local incongruent trials (pure block) 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 2.01 9.23 0.02 -4.64 9.72 -0.05 -5.58 9.77 -0.06 

Step 2: Language Competency          

Receptive Vocabulary    -1.22 3.56 -0.04 -1.56 3.58 -0.05 

Semantic Verbal Fluency    -5.89 2.05 -0.30 -5.55 2.08 -0.28 

Phonological Verbal Fluency    2.86 2.73 0.11 2.60 2.74 0.10 

Self-Rated Proficiency    1.73 7.89 0.02 0.80 7.95 0.01 

Step 3: Language Switching          

Dual Language Context (DLC)       -4.37 4.55 -0.09 

R2 0.00 0.07 0.08 

Δ R2  0.07 0.01 

Δ F  2.14 0.92 

Overall Model Significant p = 0.83 p = 0.14 p = 0.16 

**p < 0.01, *p < 0.05 
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Table 24. Results of Hierarchical Regression Analysis of Mandarin Competency and Dual-Language Context on Non-Verbal 

Selective Response Inhibition.  

 
Global-Local Task: RTs of local incongruent trials (pure block) 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 2.84 9.78 0.03 -1.35 9.98 -0.01 -2.20 10.00 -0.02 

Step 2: Language Competency          

Receptive Vocabulary    -0.09 1.63 -0.01 0.39 1.69 0.03 

Semantic Verbal Fluency    3.97 3.15 0.14 3.61 3.17 0.13 

Phonological Verbal Fluency    -8.80 3.50 -0.26 -8.94 3.50 -0.27 

Self-Rated Proficiency    -1.19 5.93 -0.02 1.20 6.30 0.03 

Step 3: Language Switching          

Dual Language Context (DLC)       -6.13 5.55 -0.12 

R2 0.00 0.06 0.07 

Δ R2  0.06 0.01 

Δ F  1.73 1.22 

Overall Model Significant p = 0.77 p = 0.23 p = 0.23 

**p < 0.01, *p < 0.05
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4.4.2.8. Non-Verbal Task Engagement and Disengagement (Switching Cost). 

All hierarchical regression models for non-verbal switching costs were not significant for 

English and Mandarin competency (across Steps 1, 2, and 3) (all ps > 0.05). This 

demonstrates that all languages measures (English and Mandarin) and dual-language 

context were not predictors of task performance. This suggest that language competencies 

and engagement in a dual-language context was not predictive of task engagement and 

disengagement efficiency (Tables 25 and 26). 

Overall, it is observed that the engagement in a dual-language context is predictive 

of efficiency in non-verbal interference control: conflict monitoring processes. Language 

competency measures (English and Mandarin) are not predictive of non-verbal cognitive 

control processes. 
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Table 25. Results of Hierarchical Regression Analysis of English Competency and Dual-Language Context on Non-Verbal Task 

Engagement and Disengagement (Switching Cost).  

 
Global-Local Switching Cost 

 Step 1 Step 2 Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 14.94 8.82 0.16 9.33 9.54 0.10 11.36 9.42 0.12 

Step 2: Language Competency          

Receptive Vocabulary    -4.27 3.48 -0.13 -3.53 3.44 -0.11 

Semantic Verbal Fluency    -1.59 2.02 -0.08 -2.38 2.02 -0.13 

Phonological Verbal Fluency    0.30 2.67 0.01 0.88 2.64 0.04 

Self-Rated Proficiency    0.99 7.80 0.01 3.07 7.73 0.04 

Step 3: Language Switching          

Dual Language Context (DLC)       9.63 4.43 0.21 

R2 0.02 0.05 0.09 

Δ R2  0.02 0.04 

Δ F  0.65 4.74 

Overall Model Significant p = 0.09 p = 0.37 p = 0.12 

**p < 0.01, *p < 0.05 
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Table 26. Results of Hierarchical Regression Analysis of Mandarin Competency and Dual-Language Context on Non-Verbal Task 

Engagement and Disengagement (Switching Cost).  

 
Global-Local Switching Cost 

 Step 1 Step 2 Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Control          

AoAB 16.32 8.97 0.17 18.07 9.32 0.19 19.56 9.19 0.21 

Step 2: Language Competency          

Receptive Vocabulary    0.48 1.57 0.04 -0.39 1.59 -0.03 

Semantic Verbal Fluency    2.18 2.94 0.09 2.86 2.91 0.11 

Phonological Verbal Fluency    -0.02 3.30 -0.00 0.12 3.24 0.00 

Self-Rated Proficiency    3.74 5.80 0.08 -0.58 6.05 -0.01 

Step 3: Language Switching          

Dual Language Context (DLC)       11.00 5.17 0.24 

R2 0.03 0.06 0.10 

Δ R2  0.03 0.04 

Δ F  0.75 4.53 

Overall Model Significant p = 0.07 p = 0.29 p = 0.10 

**p < 0.01, *p < 0.05
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5. Discussion 

Following recent calls to examine bilingual variation in experiences and their 

relation with cognitive control, this first study was an initial attempt to address this by 

investigating how individual variations in different aspects of bilingual control, as 

proposed by the Adaptive Control Hypothesis (Green & Abutalebi, 2013), may affect 

various cognitive control processes by examining and comparing them within the same 

study. Due to the observed inconsistencies in the field linking cognitive efficiency to 

bilingualism in young adults, this study sought to close to some of the current gaps by 

examining young adult bilinguals who vary in key characteristics with regards to their 

language use, competencies, and engagement in linguistic contexts. This study 

comprehensively considered the various processes of cognitive control based on the 

Adaptive Control Hypothesis, and measured them further in their verbal and non-verbal 

domains. This was done to examine the notion of “unity but diversity” of the executive 

control network (Miyake & Friedman, 2012), and to further tease apart whether the effects 

associated with different aspects of bilingualism are domain-general or domain-specific. 

Firstly, in order to examine the contributing role of various bilingual experiences 

on verbal and non-verbal cognitive control processes, age of active bilingualism (AoAB), 

language competency variables, and dual-language context switching, were 

systematically controlled for and analyzed through regression analyses. Secondly, 

different language competency variables in each of the bilinguals’ languages were 

included so as to account for a comprehensive view of bilingual competency. This was 

also to identify the predictive influence of these different variables as measures of 

language competency. Thirdly, task measures which vary in verbal and non-verbal 

cognitive domains, in task difficulty (incongruent trials in mixed block), and in cognitive 
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control processes (i.e., goal maintenance, conflict monitoring, interference suppression, 

selective response inhibition, and task engagement and disengagement), were used to 

examine the association between various aspects of bilingualism and its effects on 

cognitive control. 

Overall findings suggest distinct associations between different bilingual 

experiences with different domains of cognitive control (i.e., verbal vs. non-verbal). 

Bilinguals’ verbal competency in each of their languages predicted verbal cognitive 

control, and engagement in dual-language context switching predicted non-verbal 

cognitive control. It is further observed that both aspects of language control – verbal 

competency and dual-language context switching – predicted verbal and non-verbal 

interference control: conflict monitoring processes respectively. This suggests that these 

two aspects of bilingual language control could be associated with conflict monitoring 

processes. Lastly, it is observed that verbal fluency measures in each language 

consistently predicted verbal cognitive control. This could suggest that language 

competency in the expressive verbal production of words is associated with verbal 

cognitive control processes. The sections below will discuss the two sub-questions and 

related findings in further detail. 

5.1. Research Question 1a: What are the Relative Effects of Dual-Language Context 

Engagement and Language Competencies on Verbal Cognitive Control Processes? 

Results from various regression analyses demonstrated significant associations 

between expressive verbal fluencies in English and Mandarin in the verbal Stroop task. 

The Stroop task has been widely used as a measure of verbal inhibitory control processes 

(Bialystok, 2017). Due to the linguistic elements of the task (i.e., word reading), it is said 

to implicate verbally-related control mechanisms. There is evidence that bilinguals have 
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demonstrated efficiency in the Stroop task across the lifespan (e.g., Blumenfeld & Marian, 

2014; Bialystok, 2017; Bialystok, Craik, & Luk, 2008; Costa et al., 2009; Singh & Misra, 

2012; Yow & Li, 2015), and this has led to the notion that bilinguals are more proficient 

in managing and resolving verbal cognitive conflict especially when there is incongruent 

and conflicting information (Blumenfeld & Marian, 2014). Current results support this 

view and further current evidence by associating this efficiency with expressive verbal 

fluencies in each language. In this study, efficiency is observed with verbal interference 

control: conflict monitoring and selective response inhibition processes. Verbal conflict 

monitoring was measured through overall RTs on incongruent trials in the mixed block. 

Verbal selective response inhibition was measured through overall RTs on incongruent 

trials in the pure block.   

These findings both support and contrast with Yow and Li’s (2015) study, which 

found that a higher degree of self-reported balanced bilingualism predicted cognitive 

efficiency in verbal interference control processes (Stroop task). In support of Yow and 

Li’s findings, this study found that higher competency (semantic and phonological verbal 

fluency) in English and Mandarin were both associated with interference control 

processes. More specifically, they were associated with interference control: conflict 

monitoring processes. This was observed through faster overall RTs on incongruent trial-

types (in mixed block).  

However, there was no observed association between interference control: 

interference suppression processes. In this study, this was measured through the Stroop 

effect (difference between incongruent trials and congruent trials). These findings 

contrast that of Yow and Li’s study (2015), where efficiency with interference 

suppression processes was observed. In their study, interference control was measured 
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through the interference effect (difference in RT between incongruent trials and neutral 

trials). Even though methodological and demographical considerations were highly 

similar between both studies, certain significant distinctions are also observed. In Yow 

and Li (2015), bilingual competency was defined through balanced bilingualism (based 

on self-ratings). In contrast, this study defined competency by the absolute knowledge 

and skill in each language (based on self-ratings and objective measures). This difference 

draw attention to the possible distinction between balanced bilingualism (i.e., relative 

degree of bilingualism) and bilingual competency (i.e., absolute knowledge in both 

languages), with each possibly engaging different underlying verbal interference control 

processes (e.g., conflict monitoring vs. interference suppression).  

However, findings from this study are unable to tease these aspects apart, and 

cannot rule out the effects of balance. In this study, bilinguals’ absolute knowledge in 

each of their languages was measured and analyzed separately. This was done to 

intentionally examine and compare the relative cognitive effects associated with different 

aspects of bilinguals’ absolute competency in each of their languages. Thus, it remains 

unclear if the observed conflict monitoring efficiency is associated with bilinguals’ 

competency or to balance. Future research will need to tease them apart, in order to 

examine this distinction, and understand the nature of bilingual competency with 

cognitive control processes.  

Another reason for the differing findings could be due to the different approaches 

in measuring bilingual competency. In Yow and Li (2015), this was attained through a 

self-report, where bilinguals self-rated their proficiency in each of their languages. In this 

current study, bilingual competency were indexed through both objective and subjective 

language measures across different aspects of language competency. This could also draw 
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attention to methodological considerations in how language competencies are measured 

and what aspects of it are being measured. Nonetheless, findings from this current study 

and Yow and Li (2015), lend support to the association between bilingual competency 

and verbal interference control processes. 

5.2. Research Question 1b: What are the Relative Effects of Dual-Language Context 

Engagement and Language Competencies on Non-Verbal Cognitive Control 

Processes? 

Current results highlight that the frequency of language switching engagement in 

dual-language context predicted non-verbal interference control: conflict monitoring 

efficiency. In this study, the Global-Local task was used. This task is perceptual in nature 

and thus, places demand on non-verbal control mechanisms. Local trials are purported to 

be more difficult due to inherent perceptual dominance and salience in attending to global 

rather local features of images (Bialystok, 2010; Navon, 1977). On that account, results 

from this study suggest that higher dual-language context switching is associated with 

non-verbal conflict monitoring efficiency, particularly under high task difficulty. 

However, it is observed that engagement in the dual-language context is not related with 

any other cognitive control processes (e.g., goal maintenance, interference suppression, 

selective response inhibition, task engagement and disengagement).  

Current findings contrast that of Hartanto and Yang’s (2016) study, who similarly 

investigated the relationship between young adult bilinguals’ engagement in a dual-

language context with non-verbal cognitive control (color-shape task). They found that 

higher frequency of engagement in a dual-language context predicted non-verbal 

switching efficiency (task engagement and disengagement). These differing patterns of 
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results are debatable but one of the reasons could be due to the dissimilarities in 

demographical and methodological considerations between both studies.  

Although Hartanto and Yang’s (2016) study was also conducted with young adult 

bilinguals in the same country as this current study (Singapore), it is noticeable that their 

bilinguals were comprised of a variety of language-pairings (e.g., Chinese, Malay, Tamil, 

Vietnamese, Korean etc.) with demographically varied experiences and backgrounds. In 

comparison, as this study was conducted only with English-Mandarin Singaporean 

bilinguals, it can be assumed that their linguistic experiences and practices are a lot more 

similar and comparable. In that regard, measuring a mixed group of bilinguals, who vary 

widely in their language ecology and practices might overlook certain language and 

context-specific experiences that may also affect cognitive control processes. In spite of 

these dissimilarities, it is still notable that results from both studies found that increased 

reported engagement in a dual-language context was associated with non-verbal cognitive 

control in early adulthood. These findings are important in lending initial support the 

Adaptive Control Hypothesis. Results from this study and Hartanto and Yang (2016), 

only lend support to one aspect of the model, which discusses the cognitive effects of 

language switching engagements in a dual-language environment. In view that the other 

key aspect of the model focuses on the types of sentential language switches produced, it 

is important for future research to also examine the other aspect of it, and examine the 

relationship between the model’s two key aspects.   

However, it is also observed that current findings do not fully support the 

predictions made by Adaptive Control Hypothesis with regards to the cognitive efficiency 

posited with dual-language context engagements (Green and Abutalebi, 2013). In the 

model, cognitive control processes are argued to be most actively engaged in a dual-
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language context due to the high linguistic and cognitive demand that is implicated in 

such an environment. It argues that frequent engagement in such a context confer domain-

general efficiency across all cognitive control processes (i.e., goal maintenance, 

interference suppression, selective response inhibition, task engagement and 

disengagement). However, current results do not support this view, as results demonstrate 

limited associations with non-verbal interference control: conflict monitoring processes. 

This could challenge the model’s predictions of domain-general cognitive control 

efficiency associated with bilinguals’ engagement in this interactional context. Future 

research will need to examine its predictions further, by directly testing for the types of 

interactional contexts it proposes, and compare bilinguals’ language and cognitive control 

efficiency based on its hypothesized outcomes. 

5.3. Bilingual Language Control and Conflict Monitoring Efficiency 

From the regression analyses, both engagement in dual-language context 

switching and verbal fluencies were found to be more consistently predictive of verbal 

and non-verbal interference control: conflict monitoring processes. These findings 

suggest similarities in the type of cognitive control processes that are engaged when 

aspects of bilingual language control are exercised. Current results could imply that 

bilingual language control presents a cognitive monitoring advantage particularly in 

managing some level of cognitive conflict.  

These results reflect that of past behavioral and neuropsychological studies, in 

which cognitive monitoring advantages have been observed in bilinguals across the 

lifespan (e.g., Abutalebi et al., 2016; Bialystok et al., 2008; Bialystok & DePape, 2009; 

Costa et al. 2009; Gold et al., 2013; Hilchey & Klein, 2011; Martin-Rhee & Bialystok, 

2008; Soveri, Rodriguez-Fornells, & Laine, 2011; Weissberger et al., 2015, Xie, 2018). 
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This has been referred to as the “bilingual executive processing advantage” (BEPA) 

hypothesis (Hilchey & Klein, 2011), and it has been proposed to be due to the context of 

bilinguals’ communicative situations. It reasons that bilinguals have to constantly keep 

track of their linguistic environments in order for them to communicate successfully, and 

this process of monitoring and switching between languages, places physical (i.e., neural) 

and functional demands on the monitoring mechanisms that oversee it. Even when 

bilinguals speak in a single language, both languages remain active, and consequently, 

they become skilled in dealing with the constant activation of two languages rather than 

learning to avoid competition between languages (Kroll, Bobb, Misra, & Guo, 2008). It 

is proposed that bilinguals have to constantly inhibit the non-target language by deciding 

(set goals) and prioritizing language production and this places demand on the monitoring 

system (Green, 1998). As such, the bilingual experience of having to continuously 

monitor which language to produce in communicative interactions leads to greater 

efficiency in cognitive monitoring processes (Costa, Hernandez, Costa-Faidella, & 

Sebastian-Galles, 2009).  

Based on Hilchey and Klein (2011) and Miyake and colleagues (2000) proposal 

of executive control processes, there are mainly two broad control processes – monitoring 

of conflict and active inhibition (e.g., interference control), and switching (e.g., task 

engagement and disengagement). Current findings could suggest that the engagement of 

bilingual language control processes, might not be as related to other cognitive control 

processes such as interference suppression and task engagement and disengagement, but 

to conflict monitoring instead. This observation supports more recent views that 

bilingualism could be particularly associated with conflict monitoring processes (see 

Bialystok, 2017 for review). It is proposed that the monitoring of attention, specifically 
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for the purpose of conflict detection, is compatible with behavioral and brain evidence 

from bilingual research. Costa and colleagues (2006) explained that the bilingual 

language experience could accelerate the development and maintenance of attention due 

to the tension between inhibitory control processes and facilitative processes, which are 

both reliant on attention. Accordingly, conflict monitoring, which is based on the control 

of attention, has been proposed to be a possible cognitive process that is particularly 

associated with bilinguals’ language control (Bialystok, 2017). Findings from this current 

study could lend support to this view. However, this challenges the current notion of the 

“bilingual advantage hypothesis”, which assumes domain-general efficiency across all 

cognitive processes. As such, it would be necessary for future research to 

comprehensively examine the extent of the so-called “bilingual advantage” by measuring 

domain-general cognitive control processes. 

5.4. Verbal Fluency as a Measure of Bilingual Language Competency 

Finally, current findings indicated that out of all language competency measures, 

expressive verbal fluencies in English (semantic) and Mandarin (phonological) predicted 

verbal cognitive control processes as seen in the regression analyses. This highlights that 

expressive verbal fluencies should be considered as a key aspect of bilingual competency.  

In alphabetical language scripts such as English, performance in the semantic 

verbal fluency task is argued to be primarily impacted by vocabulary knowledge (Friesen, 

Luo, Luk, & Bialystok, 2015; Gollan et al., 2002). The Chinese language is based on a 

phonological system comprising of syllables, combinations of syllables, and tones 

(Duanmu, 2007), and performance in the Mandarin phonological verbal fluency task can 

also be assumed to be reflective of one’s vocabulary knowledge. As one of the important 

components of language competency is in the proficiency to expressively produce a word 
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(Green, 1998; Ladas, Carroll, & Vivas, 2015; Meara, 2005), bilingual’s performance in 

these tasks can be inferred to reflect their competency in knowing and expressing 

themselves in both of their languages. This could confer verbal cognitive efficiency due 

to the language-specific control that is inherent to this linguistic process. Collectively, 

current observations highlight bilingual’s expressive abilities to be an important aspect of 

bilingual competency, and further associate it with verbal conflict monitoring and 

selective response inhibition processes. 

6. Overall Summary of Study One and Proposed Future Studies 

Different aspects of bilingual language control are observed to be associated with 

distinct domains of cognitive control (i.e., verbal and non-verbal), illustrating that these 

two aspects of bilingual language control are cognitively distinguishable. This 

substantiates for further inquisition into bilingual’s language switching engagements and 

bilingual competency, to closely examine their respective relationships with cognitive 

control. In order to examine both language switching and bilingual competency, this 

approach can be informed through the Adaptive Control Hypothesis. Based on this 

current study, support for one aspect of the model is observed in relation to the cognitive 

effects of language switching engagements in a dual-language context. As such, future 

research should also examine the cognitive effects associated with bilinguals’ 

engagement in other interactional contexts discussed in the model (i.e., single-language 

context, dense code-switching context). Future research should also examine the other 

aspect of the model, with regards to the association between different types of language 

switches and cognitive control. 
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Chapter 4 – Examining the Relationship between Language Switching 

and Cognitive Control through the Adaptive Control Hypothesis 

(Study Two) 

 Experience with bilingual language switching is central to the Adaptive Control 

Hypothesis, as reviewed in the previous chapters (see Chapters One and Two). The 

hypothesis proposes that there are two main aspects in its engagement with cognitive 

control. The first aspect is in the degree of engagement in a linguistically demanding 

environment (e.g., presence both languages) and frequency of language switching. The 

second aspect is in the type of language switches that a bilingual produces (e.g., inter- vs. 

intra-sentential switching). 

Based on these two aspects, it proposes three types of bilingual communicative 

contexts – Single-language context, dual-language context, and dense code-switching 

context (Green & Abutalebi, 2013). In the single-language context (SLC), languages are 

kept apart (e.g., Mandarin at home, English in school) and language switching is 

infrequent. In the dual-language context, there is high presence of both languages (e.g., 

English and Mandarin at home), language switching is frequent, and language switching 

may occur within a given conversation but not within an utterance (inter-sentential 

switching). In the dense code-switching context, although there is also a high presence of 

both languages and language switching is frequent, speakers tend to mix their languages 

in the course of a single utterance and adapt words from one of their languages in the 

context of the other (i.e., intra-sentential switching). Due to the differences in linguistic 

demand that each interactional context necessitates, the hypothesis proposes that 

differential cognitive control effects will observed based on bilinguals’ primary 
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engagement in these interactional contexts. These predictions are the focus of Study Two 

described in this chapter. 

1. Examining Aspects of Language Switching within the Adaptive Control 

Hypothesis 

In Study One from Chapter Three, it was found that bilinguals’ reported 

engagement in a linguistically demanding environment (i.e., dual-language context) 

predicted non-verbal interference control: conflict monitoring efficiency. To a certain 

extent, this supports Hartanto and Yang’s (2016) study, which also found that bilinguals’ 

engagement in a dual-language context was associated with non-verbal cognitive control 

efficiency (cognitive switching). This is also observed in another study which found that 

interpreters, who are argued to be engaged in the most linguistically-demanding 

environment, demonstrated non-verbal cognitive efficiency, compared to translators (less 

linguistically demanding environment) and monolinguals (Henrard & van Daele, 2017). 

Altogether, these provide initial evidence for one aspect of the model, in demonstrating 

associations between bilinguals’ engagement in linguistically demanding environments 

with cognitive control efficiency. However, Study One only examined one aspect of the 

model. This leaves the other aspect of the model to be unexamined. 

 To the other aspect of the model, it proposes that different types of sentential 

language switches that bilinguals produce, implicates different language and cognitive 

control demands. Lesser control is expected when bilinguals switch between their 

languages within utterances (intra-sentential switching) and use them opportunistically 

(i.e., dense code-switching context). In contrast, when bilinguals produce more controlled 

types of switching (inter-sentential switching) and use them strategically (i.e., dual-

language context), control efficiency is expected. This is based on the view that 
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differences between these two types of language switches reflect varying degrees of 

linguistic and cognitive demand (low: cooperative vs. high: competitive) (Green & Wei, 

2014; Musyken, 2000). However, this has been inconsistently supported based on the few 

existing studies that have examined the cognitive effects associated with bilinguals’ 

language switching behaviors. 

In a study by Hofweber and colleagues (2016), bilinguals engaged in a frequency 

judgement task, where they were presented (audio and visual) with various types of 

language switching utterances. They were instructed to rate the frequency with which 

they would encounter different types of language switching utterances (e.g., inter-

sentential and intra-sentential utterances). This study found that the bilingual group who 

reported engagement in more dense code-switching (intra-sentential switches) 

demonstrated non-verbal inhibitory control advantages on the Flanker task, particularly 

in high conflict monitoring conditions. Correlation analyses also revealed that a higher 

frequency of dense code-switching was positively associated with non-verbal conflict 

monitoring efficiency. These findings led the authors to argue that dense code-switching, 

in which bilinguals switch between their languages within utterances (intra-sentential 

switching), is a natural type of language production among bilingual populations. They 

argue that while dense code-switching may engage global forms of inhibition to a lesser 

extent, dense code-switching may challenge and train cognitive monitoring processes. 

However, this is in contrast to Hartanto and Yang (2016), which found that higher self-

reported engagement in intra-sentential switching was associated with higher cognitive 

cost (i.e., inefficiency). 

These discrepant findings could highlight the methodological sensitivities in 

measuring sentential language switching behaviors, especially in its relation with 
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cognitive control. The frequency judgement task measures different types of sentential 

switches based on a judgment of exposure to different types of language switching 

utterances (Hofweber, Marinis, & Treffers-Daller, 2016; 2019). It is argued to measure 

bilinguals’ sentential switching in a more ecologically valid manner. On the other hand, 

Hartanto and Yang (2016) used a self-rated frequency of bilingual’s engagement in 

different sentential switching across different situations. More significantly, the findings 

from Hofweber and colleagues (2016), which associate cognitive monitoring efficiency 

with dense code-switching, challenge the Adaptive Control Hypothesis on its assumption 

that dense code-switching behaviors have minimal effects on cognitive control processes.  

Challenges to the dense code-switching context have been observed in recent 

neural and behavioral studies which have experimentally induced the dense code-

switching context (e.g., Blanco-Elorietta & Pyllaken, 2017; 2018; de Bruin, Samuel, & 

Dunabetia, 2018). For example, neural signatures of effortful language switching – 

increased anterior cingulate and prefrontal cortex activation – disappeared when 

bilinguals engaged in word-level switching tasks that allowed them to use their languages 

freely and voluntarily (Blanco-Elorrieta & Plykknen, 2018). In another study, no 

additional cognitive costs were imposed for word items when bilinguals were allowed to 

switch between their languages and name pictures in whichever language was easier for 

them (Kleinman & Gollan, 2016). Findings across these studies, which demonstrate 

neural and behavioral efficiency, at least at the word level, show how naturalistic and 

uncued language switching is linguistically effortless. These findings question the 

association between naturalistic language switching behaviors and cognitive control.  

In view of the current state of mixed findings, the cognitive effects associated with 

how bilinguals manage and exercise their linguistic interference, particularly with 
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voluntary sentential-level switches, remains unclear. This is due to the dearth of studies 

which have examined the cognitive effects associated with sentential-level switching (see 

Yow, Tan, & Flynn, 2018 for research with young bilingual children). It is observed that 

current studies have mostly relied on self-reports or subjective ratings as measures of 

bilinguals’ sentential-level language switching behaviors (e.g., Hartanto & Yang, 2016; 

Hofweber, Marinis, & Treffers-Daller, 2016), and few studies have attempted to 

experimentally induce bilinguals’ naturalistic verbal production sentential language 

switching utterances (see Kang & Lust, 2018; Hofweber et al., 2020).  

Accordingly, it is observed that there is mixed support for the other aspect of the 

model (i.e., types of language switching) with regards to cognitive control effects. This 

study is innovative in its attempt to induce bilinguals’ naturalistic verbal production of 

word and sentential language switching behaviors through experimentally varying 

language switching demands (cued switching, semi-cued switching, and uncued 

switching). It also aims to examine the association between the different types of language 

switches with bilinguals’ language and cognitive control as discussed within the Adaptive 

Control Hypothesis (Green & Abutalebi, 2013). 

2. Aim of Study Two 

Based on current evidence, it is observed that support for (or lack of) the model’s 

interactional contexts have mostly been inferred, and its associations have not been 

directly examined (e.g., Hartanto & Yang, 2016; Henrard & van Daele, 2017; Hofweber, 

Marinis, Treffers-Daller, 2016; Blanco-Elorietta & Plykkanen, 2017). It is also observed 

that there has not been a study which has tested for the three interactional contexts, and 

the linguistic and cognitive control associations made with regard to bilinguals’ 

engagement in them. Although the hypothesis assumes a theoretical classification of the 
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three interactional contexts (single-language context, dual-language context, and dense 

code-switching context), it also discusses the likelihood that there is fluidity in bilinguals’ 

natural communicative environments and language ecologies. It is likely that bilinguals 

may engage in these different interactional contexts to varying degrees and may not find 

themselves in a specific interactional context. This echoes views which argue that 

bilingualism is a continuous variable and should not be viewed categorically (e.g., Luk & 

Bialystok, 2013). It is likely that bilinguals may engage in the different interactional 

contexts to varying extents and may not find themselves in a specific category of 

interactional context. Nonetheless, the model proposes that bilinguals’ primary 

engagement in the three interactional contexts could have distinct effects on cognitive 

control processes due to the differential linguistic and cognitive control demands of each 

interactional context.  

This study is unique in its attempt to examine the ecological validity of the three 

interactional contexts within bilinguals. It also examines how bilinguals’ individual 

variations of primary engagement in these interactional contexts is associated with the 

model’s proposed language and cognitive control outcomes. Although this model is 

widely referenced, support for it is preliminary and scant (Antoniou, 2019; Bialystok, 

2017; Laine & Lehtonen, 2018). It is observed that few studies have tested its assumptions 

and associations directly or comprehensively. This study is original in its attempt to 

examine the model’s proposed language and cognitive control effects associated with 

bilinguals’ engagement in different interactional contexts.  

3. Research Questions and Hypotheses 

In Study One, only one aspect of the model (i.e., engagement in the dual-language 

context) was examined in relation with cognitive control. This current study (Study Two) 
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seeks to extend from it, and comprehensively examine all aspects of the model, the three 

interactional contexts, and its related predictions with bilinguals’ language and cognitive 

control. Study two aims to address the next three sets of questions.  

3.1. Research Question Two: Do bilinguals vary in their engagement in the three 

interactional contexts described by the Adaptive Control Hypothesis?  

Based on the Adaptive Control Hypothesis, it is hypothesized that bilingual 

individuals will differ in the type of interactional contexts in which they primarily engage, 

differentiating between the pattern of single language context, dual-language context, or 

dense code-switching context. This will be examined using self-reported and observed 

behavioral measures. It is predicted that self-reported interactional contexts will be 

systematically related to task-induced language switching behaviors (alternating word 

switching, semi-cued and un-cued inter-sentential and intra-sentential switching) (see 

Table 27).  

In both the single-language context and dual-language context, language task 

schemas are proposed to be in a competitive relationship (Green & Abutalebi, 2013). As 

such, it is hypothesized that frequent engagement in both these contexts, will be 

associated with more natural production of controlled types of language switches (e.g., 

inter-sentential switching). This is especially hypothesized for the dual-language context, 

where bilinguals are proposed to switch between their languages within conversations, 

but not within utterances (intra-sentential switching). For the dual-language context, it is 

further hypothesized that language control effects will also be observed in word switching, 

where language control demand is the highest (alternating language switching) (Declerck 

& Phillip, 2015). For the dense code-switching context, primary involvement in this 
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context will demonstrate more intra-sentential switching. These predictions are based on 

the language control outcomes proposed within the Adaptive Control Hypothesis 

Alternatively, there may be fluidity in the types of bilingual’s linguistic 

environments the current sample experiences within a multilingual society. Due to the 

prevalence of bilinguals and presence of multiple languages, it is likely that the dual-

language context would be most dominant in such an environment. However, the dense 

code-switching context might also be present due to the way that bilinguals may switch 

intra-sententially between their languages. While it may be that the dual-language context 

prevails, other contexts (e.g., dense code-switching) might also present. The null 

hypothesis is that there may not be distinct sets of individuals who have primary 

engagement in one context, with a predictable set of switching behavior types. Or, even 

if groups within different primary contexts do exist, there will not be any differences 

observed between bilinguals of the different contexts in their language switching 

behaviors. 
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Table 27. Self-report items measuring bilingual interactional contexts and their hypothesized associations with language switching 

behaviors. 

 Interactional Contexts 

Measures Single-Language Context Dual-Language Context Dense-Code Switching 

Self-Report items  
o I tend to speak only one language in 

one environment and another 

language in another environment  

o I tend to speak both languages in the 

same environment (R) 

o I tend to switch languages during a 

conversation (R)  

o I tend to speak both languages in the 

same environment  

o I switch languages between 

sentences when conversing with 

others  

 

o I include Chinese words or phrases 

into English conversations I have 

with others  

o I include English words or phrases 

into the Chinese conversations I 

have with others  

 

Word Switching task (Cued)   +  

Story Narration task (Semi-cued) 

– Induced inter-sentential switches  
+ +  

Story Narration task (Semi-cued) 

– Induced intra-sentential switches  
  + 

Naturalistic Conversation task 
(Uncued) Naturally occurring inter-

sentential switches  

+ +  

Naturalistic Conversation task 

(Uncued) Naturally occurring intra-

sentential switches 

  + 

Note: + indicates that the context is associated with language switching behaviors (word switching, inter-sentential switches, and intra-sentential switching) in different language switching 

tasks. (R) indicates items are reverse coded.  
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3.2. Research Question Three: What is the relationship between bilinguals’ primary 

engagement in certain interactional contexts on verbal and non-verbal cognitive 

control?  

It is hypothesized that bilinguals’ primary engagement in a dual-language context 

will demonstrate efficiency across all verbal and non-verbal cognitive control processes. 

This is based on the Adaptive Control Hypothesis, which specifically associates cognitive 

efficiency in terms of faster reaction times and smaller cognitive costs (efficiency) in 

verbal and non-verbal cognitive control measures across all control processes of goal 

maintenance, interference control, selective response inhibition, task engagement and 

disengagement (Table 28). Alternatively, bilinguals’ primary engagement in a dual-

language context may not be associated with cognitive control efficiency. Cognitive 

effects might not emerge as distinctively due to the fluidity of bilinguals’ engagement in 

different interactional contexts. 
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Table 28. Cognitive Control Components Proposed by the ACH with Effects of Bilingual Interactional Contexts and Cognitive Control 

Task Measures.  

Control Processes 

Proposed in the 

ACH 

Interactional Contexts Cognitive Control Tasks 

 

 

Single- 

Language 

Context 

Dual- 

Language 

Context 

Dense-Code 

Switching 

Context 

Measures for the Verbal (V) and Nonverbal (NV) tasks 

Goal maintenance + + = 

V:  Stroop Mixing cost: Difference between incongruent trials (mixed block) and 

incongruent trials (pure block) 

 

NV: Global-Local Mixing cost: Difference between local incongruent trials (Mixed 

block) and local incongruent trials (Pure block) 

Interference 

Control: Conflict 

Monitoring  

+ + = 

V:  Stroop : RTs for incongruent trials (Mixed blk)  

 

NV: Global/Local: RTs for local incongruent trials (Mixed blk)  

Interference 

Control: 

Interference 

Suppression 

+ + = 

V:  Stroop effect: RT difference between incongruent trials (Pure block) and 

congruent trials (Pure block)  

 

NV: Global/Local Conflict effect: RT difference between incongruent local trials 

(Pure block) and congruent local trials (Pure block)  

Selective Response 

Inhibition 
= + = 

V: Stroop: Overall RTs on Incongruent trials (Pure Block)  

 

NV: Global/Local: Overall RTs on Local Incon (Pure Block) 

Task Engagement 

and Disengagement 
= + = 

V: Stroop Switch cost: RT difference between switch and repeat trials (Mixed block)  

 

NV: Global/Local Switch cost: RT difference between switch and repeat trials 

(Mixed block)  
Note: + indicates that the context increases the demand on that control process; = indicates that the context is neutral in its effects (Salient Cue Detection and Opportunistic Planning were also 

included in the ACH control processes, but these were not tested here) 

V=Verbal task; NV=Non-verbal task and measures used in current study per control process
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3.3. Research Question Four: What is the relationship between bilinguals’ observed 

language switching behaviors on verbal and non-verbal cognitive control? 

It is hypothesized that controlled types of language switches (i.e., alternating word 

switching and inter-sentential switches) will predict greater cognitive control efficiency, 

whereas less controlled language switching (i.e., intra-sentential switches) will not predict 

cognitive control efficiency. These predictions are based on the view that language 

switches such as inter-sentential switching, involve greater cognitive control due to 

greater language separation and necessitated control needed to suppress non-target 

varieties (Green & Abutalebi, 2013; Green and Wei, 2014; Hartanto & Yang, 2016; 

Muysken, 2000). Alternatively, cognitive control efficiency might also be observed with 

less controlled types of language switches (i.e., intra-sentential switches). It is proposed 

that these type of language switches could also place demands on cognitive control 

processes, and there is evidence to suggest cognitive control efficiency with intra-

sentential switching behaviors (e.g., Hofweber, Marinis, & Treffers-Daller, 2016; 2020). 

4. Methods 

4.1. Participants 

Seventy-four English-Mandarin Young adult bilinguals (Mage = 17.97 years, SDage 

= 1.21) were recruited from a tertiary education institution in Singapore. Similar to study 

one, bilinguals were English-Mandarin young adult bilinguals who grew up in local 

Singaporean families. This study used the same Language Background Questionnaire as 

Study One (Lim et al., 2008; Marian et al., 2007; Rodriguez-Fornells et al., 2012) to 

measure participant’s language histories and usage, self-rated language competency, and 

language switching engagements. 
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All bilinguals are considered early bilinguals, as they reported learning and using 

both languages early in life: Age of active bilingualism (AoAB), is the reported age at 

which they began to actively learn and use another language aside from the language that 

they are first exposed to M = 5.83 years, SD = 3.31) (Luk, De Sa, & Bialystok, 2011). 

Descriptive findings suggest that the bilinguals in this study reported to be actively 

bilingual from an early age.  

All participants also reported that they use both languages daily. Participants had 

to rate the average frequency in which they used (e.g., hear and speak) English and 

Mandarin daily, on a 5-point scale ranging from 1 = Never, 2 = Rarely (Less than an hour 

a day), 3 = Sometimes (A few hours a day), 4 = Often (Half a day), and 5 = Always (Full 

or almost throughout the entire day). Descriptive findings suggest that bilinguals in this 

study used both languages daily, and they used English (M = 4.84 years, SD = 0.41) more 

than Mandarin (M = 3.38 years, SD = 1.04).  

All participants reported competency in both their languages on a 5-point scale, 

for different language skills (understanding, speaking, reading, and writing). A composite 

score across the four language skills for each language were attained for each participant. 

For each language, the scores range from four to 20. Higher scores suggest higher self-

rated competency in that language. Descriptive findings suggest that the bilinguals in this 

study reported to be more competent in English (M = 16.70, SD = 3.77) than Mandarin 

(M = 11.93, SD = 4.35). A reliability analysis was carried out on the four items for English 

and Mandarin. For English Competency Composite, the Cronbach’s alpha showed high 

reliability, α = 0.95. For Mandarin Competency Composite, the Cronbach’s alpha also 

showed high reliability, α = 0.90. This suggests that the questions have strong internal 
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consistency in measuring self-reported language competency in English and Mandarin 

Table 29 shows the descriptives of participants’ language measures.  
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Table 29. Descriptives of All Language Measures. 

Self-Reported Language Background Measures 

 M SD Range of Scores Skew Kurtosis Reliability 

(α) 

Age 17.97 1.21 16 – 23 Years Old    

AoAB 5.83 3.31 0 – 14 Years Old 0.77 0.17  

Average Frequency of English use 4.84 0.41 3 – 5  -2.64 6.66  

Average Frequency of Mandarin use 3.38 1.04 1 – 5  -0.24 -0.52  

English Self-Reported Proficiency       

 Understanding 4.37 0.97 1 – 5     

 Speaking 4.14 0.98 1 – 5     

 Reading 4.26 0.99 1 – 5     

 Writing 3.88 1.11 1 – 5     

English Proficiency Composite 16.70 3.77 4 – 20  -1.43 2.08 0.95 

Mandarin Self-Reported Proficiency       

 Understanding 3.59 1.10     

 Speaking 3.04 1.10     

 Reading 2.86 1.26     

 Writing 2.64 1.21     

Mandarin Competency Composite 11.93 4.35 4 – 20  -0.16 -0.41 0.90 
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Objective Language Competency Measures 

English Semantic Verbal Fluency 39.05 10.49 16 – 67  0.37 0.31  

Mandarin Semantic Verbal Fluency 21.89 9.31 4 – 40  0.08 -0.58  

Control Variable: Bilingual Balanced Proficiency (Z-Scores) a 0.00 1.15 -2.11 – 2.44     

Self-Reported Language Switching Engagements 

Engagement in Single-Language Context 8.67 2.60 3 – 14  -0.02 -0.61 0.63 

IV: Engagement in Dual-Language Context  6.03 1.90 3 – 10  0.06 -1.02 0.64 

Engagement in Dense Code-Switching Context  6.61 2.17 2 – 10  -0.21 -0.53 0.80 

Objective Language Switching Measures 

IV: Word Switching Task  6.91 2.93 1 - 13 0.08 -0.03  

Story Narration Task  

 Total number of utterances 28.62 13.01 14 - 104 3.27 15.47  

 English utterances (%) 32.16 15.81 0 – 72.22 0.25 -0.13  

 Mandarin utterances (%) 28.46 16.03 3.70 – 76.92 0.58 -0.10  

 IV: Inter-sentential Switches (%)b 18.09 14.47 0 – 68.75  1.00 1.02  

 IV: Intra-sentential Switches (%)c 39.37 23.20 0 – 95.00 0.26 -0.54  

Naturalistic Conversation Task  

 Total number of utterances 19.33 14.68 14 – 104  2.13 5.58  

 English utterances (%) 29.45 33.27 0 – 100 0.92 -0.58  

 Mandarin utterances (%) 54.63 34.63 0 – 100  -0.18 -1.46  

 IV: Inter-sentential Switches (%)a 8.18 5.93 1.22 – 33.33 1.71 3.67  

 IV: Intra-sentential Switches (%)b 18.36 20.68 0 – 100  1.85 3.93  

N = 70-74 for all analyses 

Note: The total number of all utterances is the sum of pure English, pure Mandarin, and intra- and inter-sentential utterances. Inter-sentential switch utterances comprise 

of only pure utterances. Intra-sentential switches are mixed language utterances. 
a Bilingual balanced proficiency is the difference score between the English verbal fluency z-score and Mandarin verbal fluency z-score. It is a control variable.  
b The percentage of inter-sentential utterances was derived based on the total number of times that each participant switched from one full utterance in one language (e.g., 

English) to another language (e.g., Mandarin), and dividing it by the total number of utterances spoken. 
 c The percentage of intra-sentential utterances made by each participant was obtained by dividing the number of cases by the total number of utterances spoken by each 

participant.
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4.2. Materials 

All participants completed measures of language switching engagements – self-

reported frequency of engagement in the three interactional contexts, objective measures 

of language switching behaviors (word and sentential switching), and objective measures 

for bilingual competency (semantic verbal fluency in both English and Mandarin). All 

participants also completed computerized tasks measuring verbal (Stroop task) and non-

verbal (Global-Local task) cognitive control. 

4.2.1. Language Competency 

  To objectively measure bilingual competency in both languages, the same 

semantic verbal fluency task from Study One was also used in this current study (see 

Chapter Three). The semantic verbal fluency task was chosen as it has been proposed to 

be reflective of one’s vocabulary knowledge (Friesen, Luo, Luk, & Bialystok, 2015). It 

was also chosen based on observations from Study One, which found associations with 

cognitive control processes. Semantic verbal fluency scores were calculated as the 

difference between the total number of responses produced and incorrect responses. 

Participants were scored based on the total number of correct words (raw scores) 

produced in both English and Mandarin. Raw scores are participants’ correct responses 

for each category of word for each language.  

4.2.1.1. Balanced Bilingual Proficiency. Performance on English and Mandarin 

verbal fluency was used as a measure of bilinguals’ relative balanced proficiency. 

Relative balanced proficiency was used as a control variable in this study. From the total 

number of correct words produced in English and Mandarin, z-scores for each language 

were attained across all participants (i.e., one z-score for English, one z-score for 

Mandarin). Thereafter, a difference score between the English z-score and Mandarin z-
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score was calculated as an indicator of bilinguals’ individual relative balanced proficiency 

(see Yow & Li, 2015 for measures of balanced bilingualism). A score of 0 indicates 

relative balanced proficiency in the two languages. 

4.2.2. Independent Variables: Word and Sentence Language Switching Measures 

4.2.2.1. Word Switching Task. Word switching was based on the semantic verbal 

fluency task and adapted from the verbal task switching measure in Yim and Bialystok 

(2012). In this task, all participants were given the category of Vegetables (see Woumans 

et al., 2015 for justification of word category) and were required to continue generating 

as many words as they could in this category for one minute, by alternating between 

languages without repeating the same words across languages. Participants were 

instructed that they could start with whichever language they wanted to (i.e., English or 

Mandarin). For example, if the participant’s starting language was English, the participant 

may respond with spinach in English, and lettuce in Mandarin, and so forth. Task 

instructions were given in both English and Mandarin. Participants' responses were 

recorded with an audio recording device. Raw scores are participants’ correct responses 

for words of each language and total number of correct words. The task constraints on 

this task involved the strongest level of cued switching, as it was a requirement for 

successfully performing the task. Only correct switches were included in the scores.  

4.2.2.2. Sentential Switching Tasks. Utterance and sentential-level switching 

was assessed through two tasks. The first task was a recount of a story and the other was 

a naturalistic conversation in which participants discussed their favorite childhood stories 

with the experimenter. Both tasks were created and designed by the candidate.  

These tasks were designed to combine characteristics of controlled and 

naturalistic language switching behaviors. Both differ in their degree of imposed control 
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in using both languages, with the story recount task considered as semi-cued switching, 

and the conversation task considered as uncued switching. For both tasks, English, 

Mandarin, inter-sentential switches, and mixed utterances (intra-sentential switches) were 

counted. 

4.2.2.3. Story Recount Task. This task is an adaptation of the recounting task 

used by Toribio (2001). This task, which was designed with the intention of engaging the 

participants in bilingual speech production, measures language switching performance 

through a monological narration of a familiar fairy tale story. In this task, participants 

first listened to a short verbal narration of an audio-recording to the introduction of the 

story, The Little Red Riding Hood. The story was narrated along with an auto-played 

sequence of cartoon picture cards (with no subtitles or words) depicting the story through 

PowerPoint slides. The verbal narration comprised of eight sentences, which was a 

combination of English-only (two sentences), Mandarin-only (two sentences), and 

English-Mandarin mixed sentences (i.e., intra-sentential switching) (two sentences). 

Inter-sentential switching was incorporated twice within the narration. Participants were 

then instructed in both English and Mandarin, to continue to recount the rest of the story 

based on all the picture cards provided in the slides. They were also told that they had to 

use both English and Mandarin in their recount, and could do so in a way that was natural 

to how they would normally use both their languages. They were encouraged to tell the 

rest of the story as descriptively and as detailed as possible using both languages. There 

was no time limit and the task ended when they completed all the picture cards. 

4.2.2.4. Naturalistic Conversation Task. Language switching was also assessed 

through a semi-structured conversation in which participants discussed with an English-

Mandarin bilingual experimenter, on the topic of childhood stories. As this task followed 
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from the Story Narration task, experimenters asked questions related to what they thought 

about the story of The Little Red Riding Hood, what their favorite childhood story was, 

and what they liked about that story. To maximize language switching in an artificial 

laboratory setting within an English-dominant context, all questions (even follow-up 

questions) were communicated in Mandarin. This was done purposefully based on 

findings and feedback from an earlier pilot of the task. To ensure that there was sufficient 

conversational exchange, experimenters were trained to maintain the conversation 

through naturalistic and elaborative questions, and had to engage in conversation with 

each participant for at least five minutes. 

For all sentential language switching tasks, pure English, pure Mandarin, inter-

sentential and intra-sentential utterances were measured. The total number of all 

utterances is the sum of pure English, pure Mandarin, and intra- and inter-sentential 

utterances. Inter-sentential switch utterances comprise of only pure utterances. Intra-

sentential switches are mixed language utterances. The percentage of inter-sentential 

utterances was derived based on the total number of times that each participant switched 

from one full utterance in one language (e.g., English) to another language (e.g., 

Mandarin), and dividing it by the total number of utterances spoken. The percentage of 

intra-sentential utterances made by each participant was obtained by dividing the number 

of cases by the total number of utterances spoken by each participant. 

4.2.2.5. Language Background Questionnaire. The same language background 

questionnaire that was used in study one was also used in this current study (see chapter 

three) (Lim et al., 2008; Marian et al., 2007; Rodriguez-Fornells et al., 2012). The 

questionnaire asked for details about bilinguals’ language histories (e.g., AoAB), 
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frequency of language usage, and self-rated competency in both their languages (in 

understanding, speaking, reading, and writing).   

To measure self-reported language switching engagements, this study adapted 

Rodriguez-Fornells et al. (2012) Bilingual Switching Questionnaire (BSWQ). This 

questionnaire included direct questions related to self-reported engagement in different 

interactional contexts (single-language context, dual-language context, and dense code-

switching context) and behaviors (e.g., inter-sentential and intra-sentential switching).  

To measure self-reported single-language context engagement, three questions 

were asked. The three questions are: “I tend to speak only one language in one 

environment and another language in another environment”, “I tend to speak both 

languages in the same environment” (reverse-coded), and “I tend to switch languages 

during a conversation” (reverse-coded). Participants had to rate the frequency in which 

they engaged in each of the respective statements, on a 5-point scale of one (never) to 

five (always). A composite score was taken with higher scores indicating higher 

engagement in a single-language environment. Range of scores are from five (lowest) to 

17 (highest).  

To measure self-reported dual-language context engagement, two questions were 

asked. The two questions are: “I tend to speak both languages in the same environment” 

and “I switch languages between sentences when conversing with others”. Participants 

had to rate the frequency in which they engaged in the two statements (5-point scale). A 

composite score was taken with higher scores indicating higher engagement in a dual-

language environment. Range of scores are from five (lowest) to 10 (highest).  

To measure self-reported dense code-switching context, another two questions 

were asked. The two questions are: “I include Chinese words or phrases into English 
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conversations I have with others” and “I include English words or phrases into the 

Chinese conversations I have with others”. Participants had to rate the frequency in which 

they engaged in the two statements (5-point scale). A composite score was taken with 

higher scores indicating higher engagement in a dense code-switching environment. 

Range of scores are from five (lowest) to 10 (highest).  

See Table 27 for items used to measure reported engagement in each type of 

interactional context and language switching behaviors. 

4.2.3. Dependent Variables: Measures of Cognitive Control Processes 

 In this study, all verbal (Stroop task) and non-verbal (Global-Local task) 

cognitive control tasks and measures were kept the same as that of Study One (see Table 

5 in Chapter Three). These cognitive control tasks were selected and defined to align 

closely with the cognitive control processes proposed in the Adaptive Control Hypothesis. 

Each cognitive control process were chosen as dependent variables as they are discussed 

within the model to be cognitive control processes associated with bilinguals’ language 

control. This was done to comprehensively examine the cognitive control effects 

associated with bilinguals’ language switching engagements as proposed by the model.  

4.3. General Procedure 

Before the experimental session, participants completed the Language 

Background Questionnaire via an online e-survey platform. They were then scheduled to 

complete a face-to-face session in which the executive control tasks and language tasks 

were administered. The candidate trained a team of research assistants for data collection 

and oversaw the entire data collection process (see Appendix C for sample of training 

materials). The trained research assistants, who are all English-Mandarin bilinguals, 

administered the tasks individually to participants. All participants completed the tasks 
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across one session lasting about one hour. For all language tasks, each participants’ 

responses and utterances were audio-recorded and transcribed after the session. For 

cognitive control measures, accuracy and response time (RT) per trial were recorded 

using Superlab (version 5).  

Participants would start their session with either language tasks or cognitive tasks, 

and this was counterbalanced across all participants. For participants who started with 

language tasks, they would begin with a verbal fluency task in one language (e.g., English) 

followed immediately with the other language (e.g., Mandarin). The order of languages 

to be assessed were counterbalanced as well. For each language, the category of words 

were counterbalanced (animals and kitchen).  Thereafter, they would complete the word 

switching task, where they have to switch in producing words in the category of 

“vegetable”. After this, they would complete the Story Narration and Naturalistic 

Conversation. Participants would then end their session with the two cognitive control 

tasks (Stroop task and Global-Local task), which were counterbalanced across all 

participants. 

For participants who started the session with the cognitive tasks, they would begin 

with either the Stroop or Global-Local task, and this was counterbalanced across 

participants. After the completion of the cognitive tasks, they would complete the 

language tasks where they would start with a verbal fluency task in one language (e.g., 

Mandarin) followed by the other (e.g., English). They then completed the word switching 

task followed by the Story Narration task, and ending their session with the Naturalistic 

Conversation.  
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5. Data Preparation and Data Analysis Approach 

This current study (Study Two) seeks to examine the effects of language switching 

engagements based on the assumptions of the Adaptive Control Hypothesis. It examines 

the model’s proposed language and cognitive control effects associated with bilinguals’ 

engagement in different interactional contexts. This section describes the data that are 

included and prepared for analysis, the data analysis approach to address the aim of this 

current study, and the relevant assumptions that were tested. 

5.1. Data Preparation for Sentential Language Switching Measures 

(Independent Variables) 

5.1.1. Transcription of Utterances 

The candidate conducted training for a separate team of research assistants to 

facilitate them in the transcription and checking process. The candidate was extensively 

involved and oversaw the entire transcription and checking process. This team of research 

assistants, who were native language speakers of English and Mandarin, were not 

involved in data collection or task administration. They were all blind to the conditions 

of the study. The candidate oversaw and supervised the entire data collection process and 

data transcription process with two separate teams of research assistants.  

Participants’ utterances during the Story Narration task and Naturalistic 

Conversation sessions were transcribed in accordance with CHAT and the transcriptions 

were analyzed using CLAN (MacWhinney, 2000). The research assistants independently 

transcribed the audio-recordings assigned to them. In accordance with the transcription 

and reliability checking methods (Lust & Blume, 2016), another research assistant 

checked through each transcription for errors or missing data. All transcriptions were 

checked sentence by sentence, and any discrepancies were verified and discussed before 
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any changes were made. Another transcriber would be involved if the initial two 

transcribers could not reach agreement. The candidate was extensively involved 

throughout the transcription process and was also involved in all discussions. This was 

done to ensure reliability of all verbal transcripts. 

In all transcriptions, onomatopoeia (imitation of sounds, e.g., animal sounds), and 

ambiguous communication in both languages (e.g., uh, ah, oh), were excluded from all 

analyses. SCE (Singapore Colloquial English) is a commonly spoken form of English in 

Singapore. As such, SCE particles (e.g., meh, la, leh, see Rubdy, 2007), and words that 

were not English or Mandarin (e.g., “simi”, a Hokkien word which means what), were all 

marked as non-words and excluded from the analyses. Following from Yow and 

colleagues (2017), the basic unit of analysis is an utterance, which is defined as “a word 

or group of words with a single intonation contour” (Lanza, 1992, p. 638). A pure 

utterance in either English or Mandarin consists of a string of words in just one language 

carrying a singular idea, and excludes intra-sentential switches or utterances that contain 

translations or imitations of other languages. Mixed utterances are those in which both 

languages are included in the utterance (see Table 25 for examples). 

Table 30. Example of Language Switching Types. 
Type of Language Switch Example  

Inter-sentential switching 我真的很喜欢这个故事. It brings back such fond childhood memories 

for me.  

Intra-sentential switching 这个故事 is quite enjoyable 因为 it reminds me of my childhood.  

 

5.1.1.1.Types of Sentential Switches. Inter-sentential and intra-sentential 

switching were coded from participant’s utterances. Each type was operationally defined 

using Muysken’s (2000) classification of three code-switching types, which differ in their 

language separation and co-activation (see Green & Wei, 2014; Treffers-Daller, 2009 for 
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review). In alternation, bilinguals switch between their languages between turns or 

utterances. This involves producing structurally equivalent stretches of two languages. In 

insertion, lexical items from one language is inserted into the language structure of 

another language. In congruent lexicalization, the lexical and grammar structure of both 

languages are shared and co-activated.  In this study, inter-sentential switching follows 

that of alternation, while intra-sentential switching would follow that of insertion and 

congruent lexicalization due to the prevalence of English-based creole in Singapore, 

where the difference between insertion and congruent lexicalization is not clearly 

separable (see Hartanto & Yang, 2016). The percentage of intra-sentential utterances 

made by each participant was obtained by dividing the number of cases by the total 

number of utterances spoken by each participant. The percentage of inter-sentential 

utterances was derived based on the total number of times that each participant switched 

from one full utterance in one language (e.g., English) to another language (e.g., 

Mandarin), and dividing it by the total number of utterances spoken. 

5.1.2. Classification of Bilinguals into the Three Interactional Contexts 

To measure bilinguals’ self-reported engagement in the three types of 

interactional context, six survey items were selected from the Language Switching 

Questionnaire (see Table 27 above for items). Pearson correlational analyses were 

performed on the six items (Table 31). Along with theoretical predictions, findings from 

this correlational analysis were also used as a guide to determine items for each 

interactional context. For each interactional context, items which aim to measure each 

type of interactional context were selected with other relevant items which suggest 

significant and strong correlations.  
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The frequency of engagement in the Single-Language Context was measured 

through three items. These items measured the extent to which bilinguals keep their 

languages apart, the extent to which they use both languages in the same environment 

(reverse coded), and their engagement in general switching (reverse coded) (maximum 

score is 17). A reliability analysis was carried out on the three items for single-language 

context engagement. Cronbach’s alpha reached moderate reliability, α = 0.62. This 

suggests that the three questions are adequately consistent in measuring bilinguals’ 

engagement in the single-language context.  

Dual-Language Context was measured through two items. These two items 

measured the frequency with which both languages are spoken in the same environment, 

and the frequency of switching between sentences when conversing with others (i.e., 

intersentential switching) (maximum score is 10). A reliability analysis was carried out 

on the two items for dual-language context engagement. Cronbach’s alpha reached 

moderate reliability, α = 0.64. This suggests that the two questions are adequately 

consistent in measuring bilinguals’ engagement in the dual-language context.  

Dense code-switching was measured through two items. These two items 

measured the frequency with which bilinguals include words and phrases from one 

language (e.g., Chinese or English) into the other when they converse with others 

(maximum score is 10). A reliability analysis was carried out on the two items measuring 

dense code-switching. Cronbach’s alpha reached high reliability, α = 0.80. This suggests 

that the two questions are internally consistent in measuring bilinguals’ engagement in 

the dense code-switching context. A composite score for each interactional context was 

taken as a measure of bilinguals’ reported engagement in each of the three contexts. Each 

participant had three scores, one for each interactional context.
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Table 31. Correlations between Self-Reported Language Switching Items.  

 1 2 3 4 5 6 
1. I tend to speak only one language in one environment and another language in 

another environment. 

(SLC) 

 

1 

     

2. I tend to speak both languages in the same environment.  

(DLC) 
-0.29* 1     

3. I switch languages between sentences when conversing with others. 

(Inter-sentential) 

-0.17 0.47** 1    

4. I tend to switch languages during a conversation.  

(General Switching) 
-0.24* 0.56** 0.70** 1   

5. I include Chinese words or phrases into English conversations I have with others. 

(Intra-sentential) 

-0.17 0.42** 0.58** 0.61** 1  

6. I include English words or phrases into the Chinese conversations I have with others. 

(Intra-sentential) 

-0.02 0.41** 0.55** 0.62** 0.68** 1 

N = 70-74 for all analyses  

**p < 0.01 (2-tailed), *p < 0.05 (2-tailed) 
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5.2. Data Preparation of Cognitive Control Measures (Dependent Variables) 

Similar to Study One, the following verbal and non-verbal cognitive control 

processes were included as dependent variables – goal maintenance, interference control: 

conflict monitoring, interference control: interference suppression, selective response 

inhibition, and task engagement and disengagement. These cognitive control processes 

follow that of the Adaptive Control Hypothesis. This was also done to comprehensively 

examine the domain-general cognitive effects associated with bilinguals’ language 

switching engagements and behaviors. Table 32 presents the descriptives of cognitive 

control measures.  
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Table 32. Descriptives of Cognitive Control Measures (RTs in ms). 

  
 RTs of Trial Types and Measures M SD Minimum Maximum Skew Kurtosis Reliability 

Stroop Task  α = 0.39 

Goal Maintenance  92.05 267.67 -984.52 725.95 -0.12  3.51  

Interference Control: Conflict Monitoring  1123.01 259.88 663.65 1869.43 0.79 0.41  

Interference Control: Interference Suppression  194.96 247.95 -626.00 996.09 -0.39  2.58  

Selective Response Inhibition  1032.10 232.32 615.00 1897.17 1.34 2.83  

Task Engagement & Disengagement 34.87 118.95 -404.72 424.24 0.00 2.63  

Global-Local Task  α = 0.67 

Goal Maintenance  784.49 359.83 -82.71 1507.83 -0.31 -0.18  

Interference Control: Conflict Monitoring  1486.87 400.75 288.33 2446.50 -1..62 1.11  

Interference Control: Interference Suppression  42.50 180.15 -611.89 1014.79 1.21 3.33  

Selective Response Inhibition  702.38 169.33 267.67 1287.64 0.76 1.72  

Task Engagement & Disengagement 87.64 97.73 -210.47 382.86 0.71 1.82  

n = 74 

Note: All Range values are in milliseconds 

 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                      209                                                                                                   

 

5.2.1. Data Trimming for Cognitive Tasks 

 The same data-trimming procedures as Study One was applied in this current study. 

All of this resulted in the exclusion of 1% of trials from the Stroop task and 3% of trials 

from the Global-Local task. No participants were removed for performance reasons in 

any of the two tasks. Table 32 shows descriptives for RTs of all cognitive tasks and 

measures. 

Paired-samples t-tests were conducted to compare RTs performance across 

different trial types and conditions of cognitive control task measures. Results indicate 

that all participants showed congruency effects (e.g., congruent vs. incongruent trials) and 

cognitive cost effects (e.g., mixing costs and switching costs) between different trial types 

and conditions. This is observed through the significant differences in task performance 

between congruent (easier) and incongruent (more difficult) trials in both pure and mixed 

blocks, between pure block conditions (easier) and mixed block conditions (more difficult, 

and between repeat (easier) and switch (more difficult) trials in the mixed blocks. These 

findings suggest support for expected task performance effects associated with the 

different trial types and conditions in both the Stroop task and Global-Local task (e.g., 

Bialystok, 2010; Rubin & Meiran, 2005). Table 33 shows the descriptives and results 

from the paired-samples t-test for various trial types (congruent and incongruent) in the 

pure blocks and mixed blocks, for the Stroop task and Global-Local task. 

A reliability analysis was carried out for the verbal Stroop task and non-verbal 

Global-Local task (RTs of accurate trials). For each task, five cognitive control processes 

were measured. For the Stroop task, Cronbach’s alpha reached lower reliability, α = 0.39. 

This suggests that the measures in the Stroop task may be less consistent in measuring 

verbal cognitive control. For the Global-Local task, Cronbach’s alpha reached moderate 
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reliability, α = 0.67. This suggests that the Global-Local task may be adequately 

consistent in measuring non-verbal cognitive control. Across both tasks, reliability 

analyses suggest lower to moderate reliability (similar to Study One). These findings 

could highlight that each measure assesses unique factors (e.g., goal maintenance, 

interference control, task engagement and disengagement etc.), and that different aspects 

of cognitive control processes are measured in each task. This could suggest the diversity 

of the cognitive control network (e.g., Miyake & Friedman, 2012). 

 

 

 

 

 

 

 

 

 

 

 

.  
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Table 33. Means and SDs of Verbal and Non-Verbal Cognitive Control Measures for Various Trial Types and Conditions (RTs). 

Task Effects Cognitive Measures Mean RT (ms) SD (ms) Paired-Samples t-test (sig) 

Verbal Stroop Task 

Congruency Effect Congruent trials (Pure Block) 837.14 198.22 r = 0.35** 

t(73) = -6.76, p = 0.00, d = -0.90 Incongruent trials (Pure Block) 1032.10 232.32 

Congruency Effect Congruent trials (Mixed Block) 916.26 191.14 r = 0.72** 

t(72) = -9.78, p = 0.00, d = -0.91 Incongruent trials (Mixed Block) 1123.01 259.88 

Mixing Cost Effect Incongruent trials (Pure Block)  1030.97 233.72 r = 0.42** 

t(72) = -2.94, p = 0.00, d = -0.35 Incongruent trials (Mixed Block) 1123.01 259.88 

Switching Cost Effect Repeat trials (Mixed Block) 1009.44 209.31 r = 0.87** 

t(73) = -2.52, p = 0.01, d = -0.16 Switch trials (Mixed Block) 1044.31 239.45 

Non-Verbal Global-Local Task 

Congruency Effect Global Congruent trials (Pure Block) 678.75 209.90 r = 0.79** 

t(73) = -0.63, p = 0.53, d = -0.05 Global Incongruent trials (Pure Block) 688.64 207.10 

Congruency Effect Local Congruent trials (Pure Block) 659.88 195.35 r = 0.52** 

t(73) = -2.03, p = 0.05, d = -0.23 Local Incongruent trials (Pure Block) 702.38 169.33 

Congruency Effect Global Congruent trials (Mixed Block) 1319.89 386.45 r = 0.82** 

t(73) = -5.77, p = 0.00, d = -0.41 Global Incongruent trials (Mixed Block) 1487.53 437.17 

Congruency Effect Local Congruent trials (Mixed Block) 1366.44 349.77 r = 0.77** 

t(73) = -4.03, p = 0.00, d = -0.32 Local Incongruent trials (Mixed Block) 1486.87 400.75 

Mixing Cost Effect Local Incongruent trials (Pure Block)  702.38 169.33 r = 0.44** 

t(73) = -18,76, p = 0.00, d = -2.55 Local Incongruent trials (Mixed Block) 1486.87 400.75 

Switching Cost Effect Repeat trials (Mixed Block) 1416.31 349.13 r = 0.98** 

t(72) = 7.76, p = 0.00, d = 0.24 Switch trials (Mixed Block) 1505.15 400.92 

N = 73 – 74 for all analyses
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5.3. Data Analysis Approach  

To address the three research questions of this study, Pearson correlations and 

hierarchical regression analyses were conducted. Firstly, to address research question two, 

correlational analyses were conducted to examine if bilinguals vary in their scores per 

language context type. Pearson correlations were also conducted between bilinguals’ 

reported primary engagement in the three interactional contexts with their objective 

language switching behaviors. These correlation findings were used to determine the 

independent variable (i.e., interactional context) that would be examined in the regression 

analyses for research question three.  

Next, to address research question three, separate hierarchical regression analyses 

were conducted to examine the predictive relation between bilinguals’ reported 

engagement in the dual-language context (independent variable) on verbal and non-verbal 

cognitive control measures (dependent variable). In these regression analyses, bilinguals’ 

reported engagement in the dual-language context was used as an independent variable 

because this interactional context is expected to be most highly related to cognitive 

control processes as predicted within the Adaptive Control Hypothesis (Green & 

Abutalebi, 2013). Due to the significant correlations between the three interactional 

contexts, only one interactional context (i.e., dual-language context) was chosen to avoid 

multi-collinearity (see Table 31 for correlations). Dependent measures of verbal and non-

verbal cognitive control were examined in separate models.  

Prior to conducting hierarchical regressions, the relevant assumptions for 

normality, homoscedasticity, and multi-collinearity were tested. To test for normality, 

skew and kurtosis statistics were examined for the independent variable (dual-language 

context switching) and dependent variables (verbal and non-verbal cognitive control 
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processes). It is observed that the skew and kurtosis values for these variables fall within 

acceptable range (i.e., skew: ±2; kurtosis: ±3), and suggest that they do not deviate from 

normality. To test for homoscedasticity, a visual inspection of the residual scatterplots 

was done. Based on this inspection, homoscedasticity was not violated.  

To test for collinearity, collinearity statistics were examined (Dual-Language 

Context, Tolerance = 0.97, VIF = 1.03; Balanced Bilingual Proficiency, Tolerance = 0.97, 

VIF = 1.03). These collinearity statistics were within accepted limits and indicated that 

multi-collinearity was not a concern. Thus, the assumptions of multi-collinearity were 

met (Hair, Anderson, Babin, & Black, 2010). The sample size of 74 was also deemed 

adequate given the number of variables to be included in the hierarchical regression 

analysis (Tabachnick, Fidell, & Osterlind, 2001). 

 Lastly, to address research question four, separate regression analyses were 

performed with objective language switching behaviors as independent variables: word 

switching, inter-sentential, and intra-sentential language switches, on verbal and non-

verbal cognitive control measures (dependent variables). For sentential language switches 

(i.e., inter- and intra-sentential switches), separate models were conducted for the Story 

Narration task and Naturalistic Conversation task. Dependent measures of verbal and 

non-verbal cognitive control were also examined in separate regression models. 

Prior to conducting all hierarchical regressions, the relevant assumptions for 

normality, homoscedasticity, and multi-collinearity were tested. To test for normality, 

skew and kurtosis statistics were examined for all the independent variables (objective 

language switching behaviors) and dependent variables (verbal and non-verbal cognitive 

control processes). It is observed that the skew and kurtosis values for these variables fall 

within acceptable range (i.e., skew: ±2; kurtosis: ±3), and suggest that they are normally 
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distributed. To test for homoscedasticity, a visual inspection of the residual scatterplots 

was done. Based on this inspection, homoscedasticity was not violated. 

Prior to conducting hierarchical multiple regression analyses, the relevant 

assumptions were tested for the independent variables. To test for multi-collinearity for 

the word-switching task, collinearity statistics were within accepted limits and indicated 

that multi-collinearity was not a concern (Word Switching, Tolerance =, 0.88; VIF = 1.14; 

Balanced Bilingual Proficiency, Tolerance = 0.97, VIF = 1.15).  

Next, to test for multi-collinearity for the Story Narration task, collinearity 

statistics were within accepted limits and indicated that multi-collinearity was not a 

concern (Story Narration, Inter-sentential Switching, Tolerance = 0.47; VIF = 1.02; Intra-

sentential Switching, Tolerance = 0.46; VIF = 2.16; Balanced Bilingual Proficiency, 

Tolerance = 0.97, VIF = 1.02).  

Lastly, to test for multi-collinearity for the Naturalistic Conversation task, 

collinearity statistics were also within accepted limits and indicated that multi-collinearity 

was not a concern (Naturalistic Conversation, Inter-sentential Switching, Tolerance = 

0.99; VIF = 1.01; Intra-sentential Switching, Tolerance = 0.91; VIF = 1.10; Balanced 

Bilingual Proficiency, Tolerance = 0.92, VIF = 1.09). Thus, the assumptions of multi-

collinearity were met for all language switching tasks (Hair, Anderson, Babin, & Black, 

2010). The sample size of 74 for all tasks was also deemed adequate given the number of 

variables to be included in the hierarchical regression analysis (Tabachnick, Fidell, & 

Osterlind, 2001). 
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6. Results 

6.1. Research Question Two: Correlations between Bilinguals’ Engagements in the 

Three Interactional Contexts and Naturalistic Language Switching Behaviors 

6.1.1. Correlations between Bilinguals’ Engagements in the Three Interactional 

Contexts 

To examine research question two, Pearson-correlations were first run between 

six items measuring self-reported engagement in language switching behaviors of the 

three interactional contexts (Table 31). Significant negative correlations were observed 

between the item measuring single-language context switching with the item measuring 

dual-language context switching (r = -0.29, p < 0.05) and general language switching (r 

= -0.24, p < 0.05). This suggests that bilinguals’ higher frequency of engagement in an 

interactional context in which languages are used in separate environments (single-

language context), is reversely related to engagement in an interactional context in which 

both languages are used in the same environments (dual-language context), and in the 

engagement of language switching behaviors during conversations (general switching). 

However, the small negative correlations, as opposed to the prediction that these 

individuals’ scores would be strongly negatively associated,  indicate that, within the 

current sample, there is not a strong distinction between bilinguals who engage primarily 

in a single-language context or in a dual-language context and in language switching 

behaviors. This could suggest fluidity between bilinguals’ engagement in both the single-

language and the dual-language context. That is, individuals may move in and out of 

single and dual-language contexts during their daily lives.    

Significant positive correlations were observed between the item measuring the 

dual-language context with inter-sentential switching (r = 0.47, p < 0.01), with general 
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switching (r = 0.56, p < 0.01), and with the two items measuring intra-sentential switching 

(i.e., dense code-switching contexts) (r = 0.41; r = 0.42, both ps < 0.01) (Table 31). This 

suggests that higher frequency of engagement in an interactional context in which both 

languages are used in the same environment is associated with higher frequency of 

engagement in general language switching, inter-sentential switching, and intra-sentential 

switching (dense code-switching context). These correlations of moderate strength 

suggest that a less clear division exists between individuals engaging primarily in a dual-

language context or dense code-switching context, and there is substantial fluidity 

between these two contexts.  

To examine the relationship between bilinguals’ reported engagement in the three 

interactional contexts, Pearson-correlations were run between each of the three 

interactional contexts (Table 34). Results suggest that reported engagement in the Single-

Language Context is negatively correlated with engagement in the Dual-Language 

Context, r(68) = -0.80, p = 0.00. Engagement in the Single-Language Context is also 

negatively correlated with engagement in the Dense Code-Switching Context (r = 0.53, 

p < 0.05). This suggests that bilinguals who report higher engagement in the Single-

Language Context is associated with lower reported engagement in the Dual-Language 

Context and Dense Code-Switching Context.  

Correlations also show that reported engagement in the Dual-Language Context 

is positively correlated with the Dense Code-Switching Context (r = 0.62, p < 0.00).  This 

suggests that bilinguals who report higher reported engagement in the Dual-Language 

Context is associated with higher reported engagement in the Dense Code-Switching 

Context. 
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Table 34. Correlations between Bilinguals’ Reported Engagement in the Three 

Interactional Contexts.   
 1 2 3 

1. Single-Language Context 1   

2. Dual-Language Context -0.80** 1  

3. Dense Code-Switching Context -0.53** 0.62** 1 

N = 70-74 for all analyses  

**p < 0.01 (2-tailed), *p < 0.05 (2-tailed) 

Note: Correlations are between sum scores for each interactional context 

 

6.1.2. Correlations between Bilinguals’ Interactional Contexts with Language 

Switching Behaviors  

To examine the relation of self-reported engagement in each interactional context 

and predicted language switching behaviors, three sets of Pearson-correlations were run 

between each context (single-language context, dual-language context, and dense code-

switching context) with observed verbal language switching behaviors (alternating word 

switching, and semi-cued and un-cued inter-sentential and intra-sentential switches) 

across language switching tasks (Story Narration Task and Naturalistic Conversation 

Task) (Refer to Data Preparation section for classification of the three interactional 

contexts). There were no significant correlations observed between different interactional 

contexts with predicted language switching behaviors (all ps > 0.05) (Table 35). These 

correlations do not support the expected pattern of association between primary 

engagement in each interactional context and observed language switching behaviors. 

This suggest that within a multilingual society, bilinguals’ self-reported primary 

engagement in the different interactional contexts does not associate with a particular 

expected pattern of dual language use, with regard to their observed language switching 

behaviors. 
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Table 35. Correlations between Reported Engagement in Interactional Contexts 

with Observed Language Switching Behaviors. 
 Word-

Switching 

SN: Inter-

sentential 

Switches  

SN: Intra-

sentential 

Switches 

NC: Inter-

sentential 

Switches 

NC: Intra-

sentential 

Switches 

Single-

Language 

Context 

-0.14 -0.01 -0.15 0.10 -0.10 

Dual-

Language 

Context 

0.11 0.07 0.04 -0.08 0.07 

Dense Code 

Switching 

0.08 0.09 0.07 0.03 -0.00 

N = 70-74 for all analyses  

**p < 0.01 (2-tailed), *p < 0.05 (2-tailed) 

Note: SN refers to Story Narration Task. NC refers to Naturalistic Conversation Task 

6.2. Research Question Three: Regression Analyses of Engagement in Interactional 

Contexts on Verbal and Non-Verbal Cognitive Control 

To examine research question three, the predictive influence of bilinguals’ 

primary engagement in different interactional contexts on all verbal and non-verbal 

cognitive control measures were examined through separate multiple hierarchical 

regression analyses.  

Self-reported engagement in the dual-language context was used as the 

independent variable on all dependent measures of verbal and non-verbal cognitive 

control processes (i.e., goal  maintenance, interference control: conflict monitoring, 

interference control: interference suppression, selective response inhibition, and task 

engagement and disengagement). Bilinguals’ reported engagement in the dual-language 

context was used because this interactional context is expected to be most highly related 

to cognitive control processes as predicted within the Adaptive Control Hypothesis 

(Green & Abutalebi, 2013) (Table 28). It was also used due to the significant positive 

correlations between the three interactional contexts (see Tables 34 and 35).  

In all regression models, age was entered as a control variable in the first step. In 

the second step, balanced bilingual proficiency was entered. This was to account for 
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bilinguals’ relative balanced proficiency in their languages. Past evidences suggest that 

bilingual proficiency may influence cognitive control processes (e.g., Singh & Misra 

2012; 2013; Yow & Li, 2015; Xie, 2018). In the third step, bilinguals’ reported 

engagement in the dual-language context was entered. This was done to see if controlled 

language switching within a dual-language context could better explain cognitive control 

over and above balanced bilingual proficiency. Separate models for goal maintenance, 

conflict monitoring, response inhibition, and engagement/disengagement were conducted 

for verbal and non-verbal cognitive control as dependent measures. 

The regression model for the verbal Stroop task (task engagement and 

disengagement) was significant (p = 0.05) (Table 36). The addition of reported dual-

language context engagement into the third step demonstrated a trend towards improving 

the overall model and the change in R2 was approaching significance (R2 change = 0.05, 

F change = 3.49, p = 0.06). Reported engagement in the dual-language context 

demonstrated a trend towards contributing unique variance to verbal switch costs (β = -

0.22, p = 0.06). This could suggest that higher engagement in a dual-language context 

was somewhat predictive of efficiency in verbal task engagement and disengagement 

(lower switch costs).  

All other hierarchical regression models were not significant (across Steps 1, 2, 

and 3) (ps > 0.05).  This demonstrates that the degree of bilinguals’ reported engagement 

in a dual-language context was not predictive of other verbal and non-verbal cognitive 

control processes. This is in contrary to the expected predictions between reported dual-

language context engagement on verbal and non-verbal cognitive control processes. 
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Table 36. Results of Hierarchical Regression Analysis of Engagement in Dual-Language Context on Verbal Task Engagement and 

Disengagement. 
 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Age 7.40 11.90 0.08 10.15 11.64 0.10 12.50 11.50 0.13 

Step 2: Balanced Bilingual Proficiency    24.33 12.21 0.24 22.36 12.03 0.22 

Step 3: DLC        -13.63 7.29 -0.22 

R2 0.00 0.06 0.11 

Δ R2  0.06 0.05 

Δ F  3.98 3.49 

Overall Model Significant 0.53 0.12 0.05* 

**p < 0.01, *p < 0.05 

Note: This cognitive control measure is the switching cost in the Stroop task (see Table 1).  

DLC refers to engagement in the dual-language context. 
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6.3. Research Question Four: Regression Analyses of Naturalistic Language 

Switching Behaviors on Verbal and Non-Verbal Cognitive Control 

To examine research question four, the predictive influence of bilinguals’ 

naturalistic production of language switching behaviors on verbal and non-verbal 

cognitive control processes were examined through separate multiple hierarchical 

regression analyses. Regression analyses were performed on dependent measures of 

verbal and non-verbal cognitive control processes with different language switching 

behaviors as independent variables: word switching, inter-sentential, and intra-sentential 

language switches. For sentential switches (i.e., inter- and intra-sentential switches), 

separate models were examined for the Story Narration task and Naturalistic 

Conversation task.  

In the first step, age was entered as a control variable. Next, balanced bilingual 

proficiency was entered as the second step. In the third step, either word switching or 

sentential language switches (inter-sentential and intra-sentential switching) in the Story 

Narration task and Naturalistic Conversation task were entered as the third step. This was 

done to see if the different types of language switching behaviors (i.e., word switches, 

inter-sentential or intra-sentential switches could better explain cognitive control over and 

above balanced bilingual proficiency. Separate models for goal maintenance, conflict 

monitoring, response inhibition, and engagement/disengagement were conducted for 

verbal and non-verbal cognitive control. These results are reported for each switching 

type below. 
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6.3.1. Regression Analysis of Word-Switching (Alternate Switching) on Verbal and 

Non-Verbal Cognitive Control 

All hierarchical regression models for word-switching on verbal and non-verbal 

cognitive control processes were not significant (across Steps 1, 2, and 3) (all ps > 0.05). 

This demonstrates that bilinguals’ word-switching performance was not predictive of 

verbal and non-verbal cognitive control processes. 

6.3.2. Regression Analyses of Language Switching in the Story Narration Task 

(Semi-Cued Switching) on Verbal and Non-Verbal Cognitive Control 

All hierarchical regression models for inter-sentential switching and intra-

sentential switching in the Story Narration task on cognitive control processes were not 

significant (across Steps 1, 2, and 3) (all ps > 0.05). This demonstrates that bilinguals’ 

language switching behaviors (inter-sentential switching and intra-sentential switching) 

in the Story Narration task was not predictive of verbal and non-verbal cognitive control 

processes. 

6.3.3. Regression Analyses of Language Switching in the Naturalistic Conversation 

Task (Un-cued Switching) on Verbal and Non-Verbal Cognitive Control 

Hierarchical regression models of cognitive control processes with predictors of 

inter-sentential switching and intra-sentential switching in the Conversation task were 

conducted. The regression model for non-verbal goal maintenance (Global-Local Task: 

Mixing Cost of Local Incongruent trials) was significant (p = 0.05). The addition of inter-

sentential switching into the third step significantly improved the overall model and the 

change in R2 was significant (R2 change = 0.12, F change = 4.30, p = 0.02). Inter-sentential 

switching contributed significantly to the model (β = -0.31 p = 0.01) (Table 37). This 

suggests that higher production of verbal inter-sentential switches in a naturalistic 
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conversation was predictive of non-verbal goal maintenance efficiency (lower mixing 

cost). 

The regression model for non-verbal interference control: conflict monitoring 

(Global-Local Task: Overall RTs of incongruent trials in mixed block) was significant (p 

= 0.05). The addition of inter-sentential switching into the third step significantly 

improved the overall model and the change in R2 was significant (R2 change = 0.10, F 

change = 3.63, p = 0.03). Inter-sentential switching contributed significantly to the model 

(β = -0.29, p = 0.02) (Table 38). This suggests that higher production of verbal inter-

sentential switches in a naturalistic conversation was predictive of non-verbal conflict 

monitoring efficiency (faster RTs).  

All other hierarchical regression models for inter-sentential and intra-sentential 

switching in the naturalistic conversation task on verbal and non-verbal cognitive control 

processes were not significant (across Steps 1, 2, and 3) (all ps > 0.05). This demonstrates 

that bilinguals’ inter- and intra-sentential switching behaviors was not predictive of other 

verbal and non-verbal cognitive control processes. Overall, results suggests that higher 

production of inter-sentential switches in the Naturalistic Conversation, was predictive of 

non-verbal goal maintenance and interference control: conflict monitoring processes. 
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Table 37. Results of Hierarchical Regression Analysis of Sentential Language Switching Behaviors in the Naturalistic Conversation 

on Non-Verbal Goal Maintenance. 
 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Age -16.96 37.05 -0.06 -9.69 37.90 -0.03 -27.02 36.87 -0.09 

Step 2: Bilingual Proficiency    37.73 40.43 0.12 44.37 39.43 0.14 

Step 3: Language Switching          

Inter-sentential Switches       -18.69** 7.10 -0.31** 

Intra-sentential Switches       -2.89 2.35 -0.15 

R2 0.00 0.02 0.13 

Δ R2  0.01 0.12 

Δ F  0.87 4.29* 

Overall Model Significant 0.65 0.59 0.05* 

 

**p < 0.01, *p < 0.05 

Note: This cognitive control measure is the mixing cost of local incongruent trials from the Global-Local task. 
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Table 38. Results of Hierarchical Regression Analysis of Sentential Language Switching Behaviors in the Naturalistic Conversation 

on Non-Verbal Interference Control: Conflict Monitoring  

**p < 0.01, *p < 0.05 

Note: This cognitive control measure is the overall reaction times (RTs) of local incongruent trials in the mixed block from the Global-Local task. 
 

 

 

 

 

 Step 1 Step 2  Step 3 

 B SEB β B SEB β B SEB β 

Step 1: Age -56.93 41.22 -0.17 -49.96 42.23 -0.15 -66.75 41.47 -0.20 

Step 2: Bilingual Proficiency    36.12 45.05 0.10 40.96 44.35 0.11 

Step 3: Language Switching          

Inter-sentential Switches       -20.06* 7.99 -2.51* 

Intra-sentential Switches       -2.44 2.65 -0.11 

R2 0.03 0.04 0.14 

Δ R2  0.01 0.10 

Δ F  0.64 3.63* 

Overall Model Significant 0.17 0.29 0.05* 
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7. Discussion 

In this study, the relationship between language switching engagement and 

cognitive control was examined according to the assumptions and associations of the 

Adaptive Control Hypothesis (Green & Abutalebi, 2013). The model stands out as a 

widely referenced bilingual language control model, but it is observed that current support 

for it is mixed. To current knowledge, there is no study that has comprehensively tested 

the set of assumptions and associations. It is observed that most previous work examined 

self-reported engagement in language contexts as related to cognitive control. Fewer 

studies have examined language switching through objective behavioral measures. In 

Study Two, both self-report measures and observed behavior measures of language 

switching were collected, to gain a fuller understanding of language control history and 

performance as related to cognitive control. This allowed for a more direct and objective 

examination of the associations of the Adaptive Control Hypothesis.  

First, this study examined the model’s assumption that there are three types of 

interactional bilingual contexts in which bilingual individuals may engage. This study 

considered whether their engagement is exclusive to one context, or alternatively that 

their engagement across context types may be fluid. The model’s predictions about 

primary reported engagement in the single, dual, or dense code-switching language 

contexts and with objective language switching behaviors, were tested. Next, this study 

examined the relation of individual differences in self-reported language switching 

experience (Dual-Language Context) with both verbal and non-verbal measures of 

cognitive control. Lastly, this study examined the model’s assumptions which associate 

the objective production of different types of language switches with verbal and non-

verbal cognitive control. The discussion below will focus on addressing research 
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questions two, three, and four. It will discuss current findings in relation with the Adaptive 

Control Hypothesis. 

7.1. Research Question Two: Do Bilinguals Vary in their Engagement in the Three 

Interactional Contexts Described by the Adaptive Control Hypothesis?  

To address question two, two main correlational analyses were conducted. The 

first analysis sought to examine individual variations in bilinguals’ reported engagement 

in the three interactional contexts. The second analysis sought to examine the relationship 

between bilingual’s reported engagements in the three interactional contexts, with their 

objective language switching behaviors. This section will discuss the findings of both 

analyses. 

7.1.1. Individual Variations in Bilingual’s Reported Engagement in the Three 

Interactional Contexts 

 Findings from this study showed that self-reported engagement in the single-

language context was negatively and weakly correlated with engagement in the dual-

language context and with general language switching. However, positive and moderately 

strong correlations were observed between engagement in the dual-language context and 

inter-sentential switching, and with the dense code-switching context (intra-sentential 

switching). These findings could suggest that there is fluidity between bilinguals’ 

engagement in the three interactional contexts. The distinction of these interactional 

contexts could be less pronounced in a multilingual environment, where bilingualism is 

prevalent and multiple languages are widely present and used.   

The single-language context was measured through the degree in which bilinguals 

speak one language in one environment and frequency of language switching. 

Engagement in the dual-language context was measured through the tendency to speak 
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both languages in the same environment and switch languages between sentences during 

conversation (inter-sentential switching). The more bilinguals report engaging in a 

linguistic environment where their languages are used and kept separate (i.e., 

monolingual mode), the less likely they are to engage in linguistic environments where 

they are exposed to both languages and switch between them frequently (i.e., bilingual 

modes). However, the smaller correlations (r = -0.29, p < 0.05) could suggest a lack of 

clear distinction between primary engagement in a single-language context and dual-

language context. This suggests that they are not diametrically-opposite to one another, 

and that there could be fluidity in engagement between these two interactional contexts, 

especially within more multilingual populations.  

This is further observed between the dual-language context and dense code-

switching context. Findings from this study suggest that higher reported engagement in 

dual-language context is positively associated with the dense code-switching context. 

Dense code-switching was measured through the inclusion of words from one language 

into the other (intra-sentential switching) when conversing with others. These findings 

suggest that bilinguals who report higher engagement in a dual-language context and 

inter-sentential switching, also report higher intra-sentential switching. This supports 

current evidence that bilinguals tend to produce both types of language switches naturally 

especially under voluntary language switching contexts (e.g., Blanco-Elioretta & 

Pylkkanen, 2018; Yow, Tan, & Flynn, 2017). This also highlights the fluidity between 

the dual-language context and dense code-switching context. In relation to the Adaptive 

Control Hypothesis, although the distinction of the three interactional contexts are 

proposed, it also acknowledges that there may be fluidity in bilinguals’ linguistic 

environments. Current findings lend support to the model’s view of linguistic fluidity.  
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In this study, it is observed that all bilingual participants reported using both 

languages regularly, and switching between them to varying extents (see Table 24 for 

descriptives of language measures). This could suggest that bilinguals, especially in 

multilingual societies, may not categorically find themselves in a single type of 

interactional context. This further highlights the fluidity of bilinguals’ linguistic 

environments. In their linguistic environments, there is frequent exposure and use of both 

their languages. This reflects current views which advocate that bilingualism is a dynamic 

experience and not a categorical variable (e.g., Luk & Bialystok, 2013). While it is 

theoretically assumed within the Adaptive Control Hypothesis that the single-language 

context (one language in one environment, and low frequency of language switching) is 

the opposite of the dual-language context (both languages in one environment, with high 

frequency of controlled language switching), a clear distinction of primary engagement 

in these interactional contexts might not be possible within multilingual populations. 

Although bilinguals might generally find themselves in linguistic contexts where there is 

relatively higher separation of their languages and may switch less regularly (single 

language context), it is still highly likely that they are still exposed to both languages and 

may use both languages to a certain degree on a regular basis. This is particularly 

observed with the dual-language context and dense code-switching context. While both 

groups of bilinguals are proposed to be highly exposed to both languages and switch 

between them regularly, the model proposes that they differ in the way that they switch 

between their languages (e.g., intra-sentential switching of dense code-switchers).  

Current findings show that these contexts may not be clearly distinguishable. 

Within the hypothesis, it is alternatively proposed that bilinguals may not find 

themselves distinctly in each of these interactional contexts due to the fluidity in 
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bilinguals’ natural communicative environments and linguistic ecologies. Current 

findings support this alternative view and suggest that the ecological validity of the three 

interactional contexts might not be clearly applicable in more multilingual populations 

where language experiences may overlap. This might suggest that bilinguals’ linguistic 

ecologies cannot be categorically defined or operationalized, and should be presented on 

a continuum. It can be argued that attempts to categorically classify the types of linguistic 

contexts, could cloud the actual dynamism and complexities that may occur in bilinguals’ 

natural linguistic ecology. 

7.1.2. Relationship between Bilingual’s Reported Engagement in the Three 

Interactional Contexts and Observed Language Switching Behaviors 

The relationship between self-reported language contextual categories, with 

observed measures language switching behaviors across different language switching 

task constraints was examined. For example, based on the Adaptive Control Hypothesis, 

it would be expected that individuals reporting higher engagement in the dual-language 

context, which includes self-rating items of inter-sentential switching, would show more 

inter-sentential switches when objectively measured. With the dense code-switching 

context, which includes self-rating items of intra-sentential switching, it is also expected 

that higher engagement in this context, would also show more intra-sentential switching 

when objectively measured.  

Findings from this study showed that self-reported engagement in the three 

interactional contexts was not correlated with any type of observed language switching 

behaviors (word switching, inter- and intra-sentential switches) (Table 35). These 

findings suggest that how bilinguals engage in their language environments on a day-to-

day basis, does not seem to be related to how they produce and switch between their 
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languages in their immediate language environment. This challenges the Adaptive 

Control Hypothesis in its assumption which associate bilinguals’ engagement in different 

interactional contexts with their language switching behaviors. 

To measure and categorize bilinguals’ primary engagement in the three types of 

interactional contexts, six survey items were selected from the Language Switching 

Questionnaire (Refer to Table 27 for details on classification of interactional contexts). 

The Single-Language Context was measured through the extent that bilinguals keep their 

languages apart, extent that they use both languages in the same environment (reverse 

coded), and engage in general switching (reverse coded). Dual-Language Context was 

measured through the extent that both languages are spoken in the same environment, and 

frequency of switching between sentences when conversing with others (i.e., inter-

sentential switching). Dense code-switching was measured through the extent that 

bilinguals include words and phrases from one language (e.g., Chinese or English) into 

the other when they converse with others. Each participant had three scores, with each 

score reflecting the extent of engagement in each interactional context. 

While the model’s construct of the different interactional contexts may be 

theoretically helpful, current measures in this study and to date, are defined through 

subjective self-report measures. These measures may not distinguish categorically 

between qualitatively different language experiences. This is of particular consideration 

given the observed fluidity of bilinguals’ engagement in different interactional contexts. 

Accordingly, attempts to categorize a fluid and continuous experience such as language 

switching, through subjective self-reported measures, might be less applicable and 

challenging in more multilingual populations where there is overlap of language 
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experiences. This could limit the extent to which differences in language switching 

behaviors might be observed.  

Further, there is evidence that bilinguals’ language switching behaviors are 

contextually and environmentally dependent. The types of language switches that are 

produced spontaneously could be dependent on immediate factors such as the 

communicative contexts (e.g., cues and language demands) they are in and intentions for 

switching, rather than on regular language usage (e,g., Blanco-Elorietta & Plykkanen, 

2017). In view of the fluidity of bilinguals’ engagement in different language 

environments, it is also possible that bilinguals in this study may also be adept at 

switching between their languages based on varying factors and cues. As such, how 

bilinguals produce and switch between their languages may be dependent on immediate 

environmental factors instead. However, these factors are not discussed within the 

Adaptive Control Hypothesis nor this study. Due to the observed dearth of studies that 

have examined why (intention) and when (context) bilinguals may switch between their 

languages, the factors that may influence the types of language switches bilinguals 

produce in their immediate linguistic environment, is unclear.  

Current findings could call into question the distinct types of interactional 

contexts, especially in multilingual populations where there is fluidity in their linguistic 

environments. It could also demonstrate the methodological difficulty in neatly 

categorizing bilinguals based on the types of language switching behaviors that they 

subjectively report to produce on a day-to-day basis. In view that language switching 

behaviors might be contextually dependent, this could also challenge the model’s 

assumption which associate bilinguals’ primary engagement in different interactional 

contexts with specific language switching behaviors. Future research will need to re-
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examine the classification of these interactional contexts and methodological approaches 

to measure them, to better reflect the natural language ecology of bilinguals (e.g., fluidity 

of communicative environments) and its influence on language switching behaviors. It 

should consider the interactional contexts on a continuum. Future research should also 

focus on examining the factors that influence how bilinguals switch between their 

languages in their immediate linguistic environment. 

7.2. Research Question Three: What is the Relationship between Bilinguals’ 

Primary Engagement in Certain Interactional Contexts on Verbal and Non-Verbal 

Cognitive Control? 

In this current study, regression analyses revealed that after accounting for 

bilingual proficiency, bilinguals’ reported frequency of engagement in a dual-language 

environment showed a tendency to account for additional variance in engagement and 

disengagement for verbal control (smaller switch cost in the Stroop task) (Table 36). 

These findings may lend some support to the Adaptive Control Hypothesis that higher 

engagement in a dual-language context could confer cognitive control efficiency 

especially in the verbal domain. However, the impact was not strong and only marginally 

significant. This finding could contribute to a growing narrative, in suggesting the 

positive association between engaging in linguistic environments in which bilinguals 

have to frequently use and switch between their languages on a daily basis, with cognitive 

control efficiency (e.g., Hartanto and Yang, 2016; Henrard and Van Daele, 2017). 

Engagement in the dual-language context was measured through the tendency to 

speak both languages in the same environment and switch languages between sentences 

during conversation (inter-sentential switching). Cognitive verbal efficiency in 

engagement and disengagement could be conferred due to the high presence and use of 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                            234                                                                                                   

 

both languages in their daily interactions, where bilinguals have to constantly activate and 

switch (engage and disengage) between their languages. In order to communicate across 

different linguistic contexts, they have to select the appropriate representation of the target 

language, inhibit the non-target language, and switch between them (Green & Abutalebi, 

2013).  This simultaneous activation of linguistic competition between different 

languages could cause competition and necessitate bilinguals to engage and disengage 

from one language to another. As such, increased engagements in a dual-language 

environment could “train up” control processes related to verbal engagement and 

disengagement, leading to greater cognitive control efficiency.  In view of its significance, 

future research should closely examine bilinguals’ language environments, to identify the 

environmental conditions that may enhance language and cognitive efficiency. 

However, higher reported engagement in the dual-language context was not 

associated with performance on other cognitive control processes. This does not support 

the Adaptive Control Hypothesis associating higher engagement in a dual-language 

context with domain-general cognitive control processes. These findings could be 

attributed once again to the fluidity of bilinguals’ language environments. In multilingual 

societies such as the one in which this study took place, bilinguals are constantly exposed 

to environments in which both languages are frequently present. Bilinguals may use their 

languages interchangeably and regularly as part of their normal communicative 

exchanges. As observed, all bilingual participants in this study reported being regularly 

exposed to both languages and to using and switching between them to varying degrees 

(Table 29). As such, the extent of engagement in a dual-language context on domain-

general cognitive control processes might not be distinctively and adaptively observed 
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especially when examined within multilingual populations who engage in dual-language 

environments and use both their languages regularly.  

Alternatively, it is also likely that the categories of interactional contexts, as 

defined and measured in this study, are too broad. Perhaps, more fine-scaled measures of 

‘intensity’ of engagement may be required. Future studies can consider examining a 

threshold of engagement within bilingual linguistic environments, to determine if a 

certain intensity is required before cognitive effects might be observed. Future studies 

can examine within bilingual environments to further identify key aspects of bilingual 

environments and how bilinguals switch and use their languages. Future studies can also 

investigate how variations in these aspects might influence cognitive control over time. 

7.3. Research Question Four: What is the Relationship between Bilinguals’ 

Observed Language Switching Behaviors on Verbal and Non-Verbal Cognitive 

Control? 

In examining bilinguals’ word and sentential language switches, when objectively 

measured, a more nuanced and complex relationship with cognitive control is revealed. 

Findings from various regression analyses reveal the distinct association between 

naturalistic language switching behaviors and verbal and non-verbal cognitive control. In 

this study, higher frequency of inter-sentential switches (controlled language switching) 

in the naturalistic conversation task (i.e., uncued switching and high ecological validity) 

was associated with efficiency in non-verbal goal maintenance (Global-Local task: 

smaller mixing cost) and interference control: conflict monitoring (Global-Local task: 

faster RTs for local incongruent trial types in mixed block) (Table 37 and Table 38, 

respectively). 
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In the naturalistic conversation task, language switching is argued to be voluntary 

and is un-cued (Declerck & Philipp, 2015). In this task, although bilinguals are also able 

to pre-plan their languages, the use of their languages are internally driven. Bilinguals 

can choose voluntarily how they want to use and switch between their languages, and 

language switches may be produced for the ease of communication (e.g., de Bruin et al., 

2018; Blanco-Elorietta and Pyllaken, 2017; 2018). Findings from this study suggest that 

in such a linguistic task, the voluntary production of controlled sentential language 

switches (inter-sentential switching) is related to efficiency in non-verbal goal 

maintenance and interference control (conflict monitoring). This could lend support to 

the Adaptive Control Hypothesis and previous theoretical views that propose higher 

cognitive control to be associated with controlled types of sentential language switches 

(e.g., Green & Wei, 2014; Muysken, 2000; Treffers-Daller, 2009).  

Within the literature of sentential language switching types, inter-sentential 

switching (also known as alternation) is when bilinguals alternate between structurally 

independent stretches of two languages (Muysken, 2000). Based on the idea that greater 

language separation equates to greater cognitive control, inter-sentential switching is 

implied to involve high cognitive control (e.g., interference control) due to the active 

suppression required in language use. This corroborates with previous evidences, which 

have found that self-reported frequency of engagement in inter-sentential switching is 

associated with non-verbal cognitive efficiency (e.g., Hartanto & Yang, 2016). This study 

extends current knowledge, by associating higher linguistic control (inter-sentential 

switching) with efficiency in non-verbal goal maintenance and interference control 

(conflict monitoring) processes.   
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In this study, cognitive control processes proposed within the Adaptive Control 

Hypothesis were examined through variations of verbal and non-verbal input. Current 

findings could suggest that language control could implicate different domains of 

cognitive control (i.e., verbal or non-verbal) and cognitive control processes (e.g., goal 

maintenance and conflict monitoring). This shows the cognitive interaction between 

bilinguals’ naturalistic language switching production and the diversity of the cognitive 

control network (Miyake & Friedman, 2012). Current findings indicate that there are 

different types of language switches, where its varieties differ in its effects on cognitive 

processing. These varieties have corresponding implications for control processes that are 

assumed to be involved (e.g., Green & Wei, 2014; Green & Abutalebi, 2013; Muysken, 

2000; Treffers-Daller 2009). It highlights that different types of cognitive information are 

managed and processed depending on how bilinguals engage in language control 

(internally or externally) and switch between their languages. This advances the current 

understanding of the distinct interaction between the different types of language switches 

and cognitive control. Future research should focus on examining the distinction between 

verbal and non-verbal cognitive control, particularly in relation to language switching 

behaviors. Future research should also examine the nature of language control 

engagements (e.g., internally- vs. externally-driven), and understand its association with 

cognitive control processes. 

7.4. Bilingual Language Control and Interference Control: Conflict Monitoring 

Efficiency 

In this study, bilinguals’ voluntary language switching (i.e., inter-sentential 

switches) was associated with non-verbal interference control: conflict monitoring 

efficiency. This supports findings from Study One, which also associate bilinguals’ self-
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reported language switching engagement in the dual-language context with non-verbal 

conflict monitoring efficiency. Further, in Study One, bilinguals’ verbal fluency in 

English and Mandarin was related with conflict monitoring efficiency but in the verbal 

domain. It is observed across findings from Study One and this study (Study Two), that 

different aspects of bilingual language control are associated with conflict monitoring 

efficiency. These findings could support views which propose that bilingual cognitive 

control might be particularly associated with conflict monitoring processes (e.g., Costa et 

al., 2009; Hilchey & Klein, 2011; Bialystok, 2017). It is proposed that the bilingual 

experience in exercising language control, could be distinctly associated with the 

monitoring of attention, especially for the purpose of conflict detection (e.g., Costa et al., 

2006). Current findings could add to growing evidence which associate bilingual 

language control with verbal and non-verbal conflict monitoring processes. 

8. Overall Summary of Study Two and Proposed Future Studies 

This study is novel and important in extensively examining, the assumptions and 

associations of the Adaptive Control Hypothesis collectively (Green & Abutalebi, 2013). 

Through the use of multiple language switching measures that include objective, rigorous, 

and naturalistic tasks, results from the current study showcase the multi-dimensionality 

of language switching and its complex interaction with cognitive control processes. 

Overall, the hypothesis is supported only to a certain extent.  

Findings suggest that the distinct classification of the three types of interactional 

contexts might not be as clearly distinguishable especially in more multilingual 

populations. Instead, there may be fluidity in bilinguals’ communicative contexts, and 

bilinguals may find themselves engaging in each of these different contexts to varying 

degrees. The model’s assumption which associate bilinguals’ primary reported 
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engagement in their language environments with language control was not observed this 

study. This could further highlight the notion of fluidity of bilinguals’ engagement in their 

language environments and suggest the difficulty in categorizing such a fluid and 

continuous experience (i.e., language switching) through current self-report measures. In 

relation to the Adaptive Control Hypothesis, this might suggest that bilinguals’ 

interactional contexts cannot be categorically defined, and should be presented on a 

continuum. Future research should re-examine the classification of these interactional 

contexts and methodological approaches to measure them, to better reflect the natural 

language ecology of bilinguals (e.g., fluidity of communicative environments) and its 

influence on language switching behaviors. Findings from this study also highlight that 

there might be other factors that may influence how bilinguals switch between their 

languages in their immediate linguistic environment. Future research should also focus 

on examining the factors (e.g., why and when) that influence how bilinguals switch 

between their languages in their immediate linguistic environment. 

A strength of the Adaptive Control Hypothesis model is that it provides explicit 

predictions about adaptive and distinct cognitive effects associated with bilinguals’ 

primary engagement in the different interactional contexts. However, not all of these 

predictions were supported – with only one trend for verbal cognitive control. Future 

studies can examine more closely, within bilingual environments, to further identify key 

aspects of bilingual environments and how bilinguals switch and use their languages. 

Future studies can also investigate how variations in these aspects might influence 

cognitive control over time. 

Support for the hypothesis is noted in the cognitive efficiency associated with 

observed language switching behaviors (i.e., language control). Current findings 
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associate high language control, as reflected through the naturalistic verbal production of 

inter-sentential switches with non-verbal cognitive control efficiency. Future research 

should focus on examining the different aspects of verbal and non-verbal cognitive 

control, particularly in relation to language switching behaviors. Future research should 

also examine the nature of language control engagements (e.g., internally- vs. externally-

driven), and understand its association with different cognitive control processes. 

 In conclusion, this study (Study Two) is significant in examining the Adaptive 

Control Hypothesis, and it brings us a step closer in understanding the intricate 

relationship between language switching engagements and different domains of cognitive 

control processes. 
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Chapter 5 – Examining the Effects of Bilingual Competency on 

Cognitive Control (Study Three) 

Bilingual language proficiency is a key aspect to the very definition of 

bilingualism, and is typically associated with bilinguals’ knowledge in their languages 

(competency) (e.g., Cummins, 1976; 1979) and relative balance (dominance between 

languages) (e.g., Yow & Li, 2015). It is at the core of current investigations into the 

bilingual advantage, due to behavioral evidence that connects bilingual proficiency with 

cognitive advantages (e.g., Dong and Li, 2015; Iluz-Cohen and Armon-Lotem, 2013; 

Misra, 2014, Singh & Misra, 2012; Tse and Altarriba, 2012; Xie, 2018). 

According to Cummins’ Threshold Hypothesis (1976; 1979), positive cognitive 

effects only occur when bilinguals achieve a certain threshold of competency in both 

languages and are sufficiently proficient in each of them. In particular, it argues that the 

effects of bilingualism on cognitive performance, is attributed to bilinguals’ absolute level 

competency in both languages and not the relative degree of proficiency between 

languages (i.e., balance). The Threshold Hypothesis assumes that the positive cognitive 

effects of bilingualism can only be observed when the bilingual has attained a minimal 

threshold of high competency in both languages (highly balanced in bilingual 

competency). On the other hand, low levels of bilingual competency (i.e., low 

competency in both languages) is hypothesized to result in negative cognitive effects. 

This type of bilingualism has been referred to as semilingualism (Cummins, 1979; Paradis, 

1998, Rosselli et al., 2015).  

There is evidence to suggest that cognitive control efficiency is associated with 

bilinguals who attain high linguistic competencies (absolute knowledge and skill) in both 

languages, and when the level of knowledge and competency in both languages are 
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comparable (relatively balanced) (e.g., Costa et al., Singh & Misra, 2012; 2009, Xie, 

2018). However, it is noticeable that these evidences attribute cognitive advantages with 

two distinct yet related features – absolute linguistic knowledge in both languages (i.e., 

competency) (Cummins, 1979; Rosselli et al., 2015), and relative balance between both 

languages (i.e., balance) (Yow & Li, 2015). In relation to the Threshold Hypothesis 

(Cummins, 1976; 1979), it is observed that few studies have distinguished between a 

minimum competency threshold and balance, or attempted to systematically tease 

competency and balance apart, in order to examine their associations with cognitive 

control.  

Within the literature, there is methodological variation in how bilinguals are 

defined: some have used indicators of bilinguals’ language performance in one of their 

languages (absolute competency) to assume balance (e.g., Singh & Misra, 2015; Xie, 

2018), while others used difference scores between their languages (relative balance 

between languages) as an index of bilingual competency (e.g., Yow & Li, 2015). 

Therefore, it is unclear how these two characteristics of bilingualism are each related to 

cognitive control, and whether current cognitive advantages associated with bilingual 

competency are more related to aspects of bilingual’s absolute knowledge in both their 

languages (competency) or to balance. With regard to a threshold proficiency for 

cognitive benefits, there are even fewer studies that have attempted to identify what this 

threshold might be (see Daller and Ongun, 2018; De cat et al., 2019 with young children), 

and how it is related with cognitive control. 

1. Aim of Study Three 

In Study One (Chapter Three), verbal competency measures in English and 

Mandarin were predictive of verbal cognitive control efficiency in young adult bilinguals, 
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who ranged in their proficiency and experiences. It showed that higher verbal fluency in 

each language predicted efficiency in verbal interference control: conflict monitoring and 

verbal selective response inhibition, suggesting the significance of bilingual competency 

in its association with verbal conflict monitoring and selective response inhibition 

processes. However, in that study a within-person approach was taken, and bilinguals’ 

relative balance co-varied with their absolute competency in each of their languages. This 

leaves open the question as to whether the observed verbal control advantages may be 

associated with bilinguals’ absolute competency in each of their languages or to their 

balance between their languages. Also, as separate analyses between cognitive control 

processes and language competencies were conducted for each language, this approach 

does not inform what the minimum threshold in bilingual competency might be for 

cognitive effects to emerge.  

As such, the aim of this current study is to focus on examining the effects of 

bilingual competency on cognitive control processes by accounting for the relative 

balance between languages. The approach is to use a between-group method, comparing 

groups of relatively balanced bilinguals with either high or low bilingual competency on 

their verbal and non-verbal cognitive control performance. This type of study is uniquely 

situated for a bilingual society such as Singapore, because of the range of bilinguals that 

form along the continuum of bilingual competency and language experiences. By 

comparing between these bilingual groups (high competent vs. low competent bilinguals), 

this study also aims to examine if a minimum threshold (in balance) is necessary, for 

cognitive efficiency to be observed. Although the Adaptive Control Hypothesis briefly 

discusses the significance of bilingual competency as a key aspect of bilingual language 

control, it does not distinguish between bilingual competency and balance. It presumes 
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that increased cognitive control may result when bilinguals are either suitably competent 

in both their languages (absolute competency), or when they become equally comparable 

in both their languages (when they attain balance). As such, this study also seeks to inform 

the hypothesis and examine which aspect may be related to control advantages.  

To define bilingual competency, this study employs a multi-dimensional approach 

to form an indicator of it. Currently there is no consensus regarding how to measure 

bilingual competency due to its multi-dimensionality, and getting accurate measures that 

reflect bilinguals’ knowledge in their languages is not straightforward. The approach in 

this study follows recent calls that bilingual competency should be operationalized 

through more global, multi-dimensional, and ecologically-valid indicators to better reflect 

bilinguals’ natural use of their languages and their actual competencies (Sheng, Gollan, 

& Lu, 2014; Treffers-Daller & Korybski, 2015). To this end, this study employs a 

definition of self-rated language usage and objective performance in verbal fluency as an 

indicator of bilingual competency. These were chosen based on findings from Study One, 

which showed that measures of expressive verbal fluency were the strongest predictors 

of verbal cognitive control efficiency, and from previous studies which have 

demonstrated that combined measures of language usage and linguistic proficiency 

suggest a construct reflecting bilingual competency (e.g., Luk & Bialystok, 2013; Yow 

& Li, 2015). Wang (2015) also previously argued that the frequency of language usage 

should be considered as part of bilinguals’ competency, as the degree of which languages 

are used can have effects on their language performance 
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2. Research Question and Hypothesis 

This study addresses the final research question of this thesis. 

Research Question Five: How Do High-Competent and Low-Competent 

Bilinguals who are Matched for Relative Balance Differ in their Verbal and Non-

Verbal Cognitive Control Efficiency?  

It is hypothesized that bilinguals with high bilingual competency will demonstrate 

differences in their cognitive control processes as compared to low-competent bilinguals. 

This is based on the assumption that cognitive control is maximally applied when lexical 

co-activation is high due to strong competition between both languages and high overlap 

in language representations (large shared knowledge) (Abutalebi & Green, 2008; 

Bialystok, 1993; Cummins, 1979; Green, 1998; Meuter & Allport, 1999). More 

specifically, differences in verbal cognitive control processes is predicted to be observed 

based on findings from the initial study (Study one). Alternatively, cognitive control may 

be enhanced even with a minimum threshold of competency when competency is 

balanced. 

3. Methods 

3.1. Participants 

One hundred and nine English-Mandarin Young adult bilinguals (Mage = 17.18 

years, SDage = 1.10, age range: 16– 23 years) were recruited from a tertiary institution in 

Singapore. Similar to studies one and two, bilinguals were English-Mandarin young adult 

bilinguals who grew up in local Singaporean families. This study used the same Language 

Background Questionnaire as Study One and Study Two (Lim et al., 2008; Marian et al., 

2007; Rodriguez-Fornells et al., 2012) to measure participant’s language histories, 

frequency of language usage, and self-rated language competency. 
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 All bilinguals are considered early bilinguals, as they reported learning and using 

both languages early in life: Age of active bilingualism (AoAB), is the reported age at 

which they began to actively learn and use another language aside from the language that 

they are first exposed to (M = 5.59 years, SD = 3.23) (Luk, De Sa, & Bialystok, 2011). 

Descriptive findings suggest that the bilinguals in this study reported to be actively 

bilingual from an early age. Descriptive findings suggest that all bilinguals in this study 

used both languages daily, and they used English (M = 4.77 years, SD = 0.46) more than 

Mandarin (M = 3.31 years, SD = 0.93). 

All participants reported competency in both their languages on a 5-point scale, 

for different language skills (understanding, speaking, reading, and writing). A composite 

score across the four language skills for each language were attained for each participant. 

For each language, the scores range from four to 20. Higher scores suggest higher self-

rated competency in that language. Descriptive findings suggest that the bilinguals in this 

study reported to be more competent in English (M = 16.96, SD = 3.35) than Mandarin 

(M = 9.60, SD = 2.97). A reliability analysis was carried out on the four items for English 

and Mandarin. For English Competency Composite, the Cronbach’s alpha showed high 

reliability, α = 0.94. For Mandarin Competency Composite, the Cronbach’s alpha also 

showed high reliability, α = 0.90. This suggests that the questions have strong internal 

consistency in measuring self-reported language competency in English and Mandarin.  

Table 39 shows the descriptives of participants’ self-reported language background 

measures, self-reported language competency, and objective language competency 

measures. 
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Table 39. Descriptives of All Language Measures. 
Self-Reported Language Background Measures 

 M SD Range of Scores Skew Kurtosis Reliability (α) 

Age 17.81 1.11 16 – 23 years     

Age of Active Bilingualism 5.59 3.23 0 – 16 years 0.79 -0.40  

Average Frequency of English use 4.77 0.46 1 – 5 -1.95 3.06  

Average Frequency of Mandarin use 3.31 0.93 1– 5 -0.09 -0.53  

Self-Reported Language Competency Measures 

English Self-Reported Competency       

 Understanding 4.42 0.86     

 Speaking 4.22 0.88     

 Reading 4.32 0.90     

 Writing 4.00 1.00     

English Competency Composite 16.96 3.35 4 - 20 -1.50 2.86 0.94 

Mandarin Self-Reported Competency       

 Understanding 3.58 1.04     

 Speaking 3.12 1.07     

 Reading 3.35 0.99     

 Writing 2.76 1.17     

Mandarin Competency Composite 9.60 2.97 3 - 15 -0.22 -0.58 0.90 

Objective Language Competency Measures 

English Semantic Verbal Fluency a 39.62 11.65 16 – 67  0.32 -0.18  

Mandarin Semantic Verbal Fluency a 22.71 9.49 4 – 40  0.06 -0.66  

Index for English Competency b  -0.28 5.21 -11.60 – 11.60  0.08 -0.30  

Index for Mandarin Competency b 0.28 3.69 -8.36 – 9.35  0.26 -0.08  

N = 108-109 for all analyses.  

a Verbal fluency scores were calculated as total number of correct responses across both categories of words. 

b Competency index scores were obtained through an interaction between verbal fluency z-scores and frequency of language usage (e.g., English Verbal Fluency Z-

Score x Frequency of Daily English Usage) 
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3.2. Materials  

All participants completed measures of bilingual competency – self-reported and 

objective measures of language competency (semantic verbal fluency in both English and 

Mandarin) and computerized tasks measuring verbal (Stroop task) and non-verbal 

(Global-Local task) cognitive control. 

3.2.1. Semantic Verbal Fluency 

 This current study objectively measured participants’ verbal language 

competencies through the same semantic verbal fluency task as Study Two (Chapter 

Four). The semantic verbal fluency task has been proposed to be reflective of one’s 

vocabulary knowledge (Friesen, Luo, Luk, & Bialystok, 2015). Semantic verbal fluency 

scores were calculated as the difference between the total number of responses produced 

and incorrect responses. Participants were scored based on the total number of correct 

words (raw scores) produced in both English and Mandarin. Raw scores are participants’ 

correct responses for each category of word for each language.  

The raw scores of bilinguals’ verbal fluency are observed to fall within the range 

of responses when compared to previous studies which have also measured adult 

bilinguals and monolinguals in their semantic verbal fluency using similar word 

categories (e.g., Grogan et al., 2009; Portocarrero, Burright, & Donovick, 2007; Shao, 

Janse, Visser, & Meyer, 2014). This suggest that the verbal fluency performance of 

bilinguals in this current study, is generally comparable to that of adult monolinguals and 

bilinguals.  

3.2.2. Language Background Questionnaire 

This study used the same language background questionnaire in studies one and 

two (see Chapters Three and Four) (Lim et al., 2008; Marian et al., 2007; Rodriguez-
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Fornells et al., 2012). The questionnaire asked for details about bilinguals’ language 

histories (e.g., AoAB), frequency of language usage, and self-rated competency in both 

their languages. 

3.2.3. Verbal and Non-Verbal Cognitive Control Tasks  

In this study, cognitive control tasks and measures were kept the same as that of 

Study One and Study Two (see Table 5 in Chapter Three). These cognitive control tasks 

were selected and defined to align closely with the cognitive control processes proposed 

in the Adaptive Control Hypothesis. Each cognitive control process were chosen as 

dependent variables as they are discussed within the model to be cognitive control 

processes associated with bilinguals’ language control.  

3.3. General Procedure  

The candidate trained a team of research assistants for data collection and oversaw 

the entire data collection process. The trained research assistants administered all tasks 

individually at a quiet testing room. All participants provided informed consent before 

participating. They completed the tasks across one session lasting about one hour. Before 

the session, participants had to complete the Language Background Questionnaire via an 

online e-survey platform. They were then scheduled a face-to-face session in which 

executive control tasks and language tasks were administered.  

To minimize the effects of cross-language interference (Sheng, Lu, Gollan, 2014), 

participants started their session with a verbal fluency task in one language (e.g., English), 

followed by the two cognitive tasks (Stroop task and Global-Local task), and lastly, a 

verbal fluency task in the other language (e.g., Mandarin). The order of the tasks were the 

same, but the order of languages to be administered were counterbalanced across all 

participants such that some would start the session with English or Mandarin verbal 
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fluency, and end the session with the other language (English or Mandarin). For the verbal 

fluency task, the category of words (animals and kitchen) were also counterbalanced 

within each language. Participants had to complete two executive control tasks (Stroop 

task and Global-Local task), and the order of the tasks were counterbalanced across all 

participants as well. For both the Stroop task and Global-Local task, the order of different 

trial types in the pure blocks (congruent block vs. incongruent block) were also 

counterbalanced. In both cognitive tasks, pure blocks were completed first, followed by 

a mixed block where both trial types (congruent and incongruent trials) are presented. 

4. Data Preparation and Data Analysis Approach 

This current study (Study Three) focuses on examining the effects of bilingual 

competency on cognitive control processes by accounting for the relative balance 

between languages. The approach is to use a between-group method, comparing groups 

of relatively balanced bilinguals with either high or low bilingual competency on their 

verbal and non-verbal cognitive control performance. 

4.1. Data Preparation for Language Competency Measures (Independent Variable) 

4.1.1. Categorization of Bilingual Competencies  

Following from past studies (e.g., Luk & Bialystok, 2013; Treffers-Daller & 

Korybski, 2015; Yow & Li, 2015), this current study used a combination of self-

reported frequency of daily language usage and objective verbal fluency performance 

in each language, as an index of competency in each language (English and Mandarin). 

Participants were then categorized as high competent bilinguals or low competent 

bilinguals based on their competency index scores for each language. 

4.1.1.1. Verbal Fluency and Language Usage. For each participant, their verbal 

fluency scores in English and Mandarin were tabulated as the total number of correct 
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responses within one minute per category. Scores were calculated and recorded separately 

for each language. For each language, raw scores were converted into z-scores relative to 

the current sample. Each participant had two verbal fluency z-scores, one for each 

language. Self-reported frequency of daily usage of English and Mandarin was taken as 

a measure of language usage (1 = Never; 2 = Rarely: Less than an hour a day; 3 = 

Sometimes: A few hours a day; 4 = Often: Half a day; 5 = Full or almost entire day). Each 

participant had two language usage scores, one for each language. 

4.1.1.2. Bilingual Competency Index and Categorization of Bilinguals. An 

index of participants’ competency in each of their languages was first obtained through 

an interaction term between the verbal fluency z-score and frequency of language usage 

(e.g., English verbal fluency z-score X Frequency of English usage). As such, each 

participant had a competency index score for each language. Thereafter, separate median 

splits across all participants were conducted for English competency index (median split 

score: -0.25) and Mandarin competency index (median split score: -0.12) to ascertain 

categories of high and low competency for each language.  

In this study, a median split was conducted following that of past studies (e.g., 

Bialystok, Craik, & Luk, 2008; Rosselli et al., 2015), which also measured bilingual 

young adults’ in their bilingual proficiency in their research (e.g., receptive vocabulary 

and verbal fluency). For example, in Rosselli et al. (2015), 62 bilingual young adults were 

categorized into three subgroups: (1) “Balanced high proficiency” (2) “Balanced low 

proficiency”; and (3)”Unbalanced proficiency” based on a median cut-off point for their 

total scores in three subtests (Picture Vocabulary, Oral Vocabulary, and Verbal Anologies) 

of the Bilingual Verbal Ability Test (Munoz-Sandoval et al., 2998).  In Bialystok, Craik, 

and Luk (2008), 24 young adult bilinguals were categorized into two subgroups: (1) 
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“High proficiency” and (2) “Low proficiency” based on their PPVT standard score, using 

the median as a cut-off. It is to note that there is currently no standard approach to 

categorizing bilingual competency. It is observed that different studies use different 

approaches in their methods to categorize bilingual competency (e.g., Friesen et al., 2015; 

Luo, Luk, & Bialystok, 2010; Singh & Mishra, 2012; Xie, 2018). 

In this study, participants were categorized as having high competency in that 

language (e.g., in English) when they performed above the median, while index scores 

below the median would denote low competency. Based on these two indices, participants 

were categorized as high competency when the participant scored above the median in 

both languages, and low competency when the participant scored below the median in 

both languages. From this, participants were categorized into two bilingual groups – high 

competent (n = 32) or low competent bilinguals (n = 33) (total initial n = 109). 

4.1.2. Accounting for Bilinguals’ Relative Balance 

 As this study sought to account and control for the relative balance between 

bilinguals’ language, difference scores between English and Mandarin were first obtained 

for bilinguals’ verbal fluencies (z-scores), self-reported frequency of daily language 

usage, and self-reported language competencies. Thereafter, to ensure both bilingual 

groups’ are similar in their relative language balance (i.e., both groups similar in their 

language differences), independent samples t-tests were conducted to compare between 

bilingual groups on these relative language measures. A marginal trend was observed for 

difference in bilingual usage (p = 0.06) suggesting that bilingual groups marginally 

differed in their relative use of both languages, with low-competent bilinguals showing a 

larger difference in the use of their languages. A larger difference score would imply a 

larger difference in the frequency of language use for each of their languages, reflecting 
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dominance in language use (i.e., use one language more than the other). However, note 

that the effect size for this comparison is small (d = 0.26). No significant differences were 

observed for verbal fluency and self-rated competency (all ps > 0.05), demonstrating that 

both bilingual groups are fairly similar in their relative balance between their languages. 

Overall, the non-significant results show that both bilingual groups are similar in their 

relative language balance (i.e., equally balanced between their languages). Table 40 

shows the results of this analysis. 

Table 40. Results of Independent Samples T-Tests of Relative Language Measures. 
 High 

Competency 

(n = 32) 

Low 

Competency 

(n = 33) 

 

T-Test (Sig) 

Difference in Verbal Fluencya  

(z-scores) 

-0.09 (0.97) 0.05 (0.88) t(63) = -0.62, p = 0.54;  

d = -0.15 

Difference in Self-Reported 

Language Competencyc 

0.86 (1.04) 0.97 (1.17) t(63) = -0.40, p = 0.69;  

d = -0.10 

Difference in Frequency of Bilingual 

Usageb  

1.19 (1.24) 1.73 (0.99) t(62) = -1.95, p = 0.06;  

d = 0.26 

* p < 0.05 (2-tailed) ** p < 0.01 (2-tailed) 
a  Difference in z-scores between English and Mandarin verbal fluency z-scores (based on current sample).  
b Difference in self-reported ratings of frequency of daily usage between English and Mandarin.  
c Difference in self-reported language competency between English and Mandarin. 
 

4.1.3. Examining the Language Profiles of the Two Bilingual Groups  

To understand and compare the language profiles of the two bilingual groups in 

their absolute objective and subjective bilingual competency measures, self-reported 

language usage, and other language background measures. Table 41 shows the 

descriptives and results from the independent-samples t-test for absolute language 

competency measures (e.g., verbal fluency), self-reported ratings of language 

competency (in understanding, speaking, reading, and writing), and aspects of language 

background and use.  

Results demonstrate that the two bilingual groups differed in their objective 

competency measures (semantic verbal fluency and language competency index) (all ps > 
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0.05). High competent bilinguals (M = 0.84, SD = 0.75) demonstrated significantly higher 

verbal fluency in English as compared to low competent bilinguals (M = -0.79, SD = 0.87; 

t(63) = 8.04, p = 0.00; d = 1.99). This is similarly observed for Mandarin, with high 

competent bilinguals (M = 0.92, SD = 0.62) demonstrating significantly higher Mandarin 

verbal fluency than low competent bilinguals (M = -0.84, SD = 0.60; t(63) = 11.71, p = 

0.00; d = 2.89). The language competency index is an interaction term between the verbal 

fluency z-score and frequency of language usage (e.g., English Verbal Fluency X 

Frequency of English Usage). High competent bilinguals demonstrated higher English 

competency index (M = 3.81, SD = 3.33) as compared to low competent bilinguals (M = 

-4.38, SD = 3.08; t(62) = 10.22, p = 0.00; d = 2.56). High competent bilinguals also 

demonstrated higher Mandarin competency index (M = 3.25, SD = 2.42) as compared to 

low competent bilinguals (M = -2.69, SD = 1.88; t(62) = 10.95, p = 0.00; d = 2.41). These 

findings suggest that when objectively measured, high competent bilinguals are more 

verbally fluent in both their languages as compared to low competent bilinguals.  

Results also demonstrated group differences in their reported age of active 

bilingualism. High competent bilinguals reported earlier age of active bilingualism (M = 

4.88 years, SD = 2.84) as compared to low competent bilinguals (M =5.67 years, SD = 

2.98; t(63) = -1.08, p = 0.02; d = -0.52). A trend was observed for self-reported frequency 

of daily English usage (t(62) = -1.79, p = 0.08, d = -0.44), with low-competent bilinguals 

(M = 4.87, SD = 0.33) reporting more daily English usage as compared with high-

competent bilinguals (M = 4.67, SD = 0.55). The two bilingual groups did not differ in 

their self-rated language competency measures (all ps < 0.05). These findings suggest 

that high competent bilinguals report being bilingually active at an earlier age and slightly 

lower usage of English than low competent bilinguals. They were comparable in their 
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self-rated competency in both languages (see Sheng, Lu, & Gollan, 2014 for discussion 

on convergence and divergence between subjective and objective measures in Mandarin-

English bilinguals). 

Overall, the results suggest that the two bilingual groups differed in their objective 

competency measures and age of active bilingualism. A trend was observed for frequency 

of English usage (with a moderate effect size). High competent bilinguals were observed 

to have higher verbal fluency in English and Mandarin as compared to low competent 

bilinguals. High competent bilinguals report being bilingually active at an earlier age and 

a trend towards lower reported usage of English than low competent bilinguals. However, 

the two bilingual groups were comparable in their self-rated proficiency in both 

languages. 
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Table 41. Results of Independent Samples T-Test of Absolute Language Competency Measures. 
 High Competency 

(n = 32) 

Low Competency 

(n = 33) 

 

T-Test (Sig) 

Objective Language Competency Measures 

English Semantic Verbal Fluency (z-score) 0.84 (0.75) -0.79 (0.87) t(63) = 8.04, p = 0.00**; d = 1.99 

Mandarin Semantic Verbal Fluency (z-score) 0.92 (0.62) -0.84 (0.60) t(63) = 11.71, p = 0.00**; d = 2.89 

Index for English Competency  3.81 (3.33) -4.38 (3.08) t(62) = 10.22, p = 0.00**; d = 2.56 

Index for Mandarin Competency  3.25 (2.42) -2.69 (1.88) t(62) = 10.95, p = 0.00**; d = 2.41 

Self-Rated Language Background Measures 

Age of Active Bilingualism 4.88 (2.84) 5.67 (2.98) t(63) = -1.08, p = 0.02**; d = -0.52 

Frequency of Daily English Usage 4.67 (0.55) 4.87 (0.33) t(62) = -1.79, p = 0.08; d = -0.44 

Frequency of Daily Mandarin Usage 3.48 (0.97) 3.15 (0.86) t(62) = 1.50, p = 0.14; d = 0.37 

Self-Rated English Proficiency 4.31 (0.88) 4.30 (0.92) t(63) = 0.04, p = 0.97; d = 0.01 

Self-Rated Mandarin Proficiency 3.45 (0.92) 3.33 (0.91) t(63) = 0.53, p = 0.60; d = 0.13 

* p < 0.05 (2-tailed) ** p < 0.01 (2-tailed)
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4.2. Data Preparation of Cognitive Control Processes (Dependent Variables) 

The following verbal and non-verbal cognitive control processes were included 

as dependent variables – goal maintenance, interference control: conflict monitoring, 

interference control: interference suppression, selective response inhibition, and task 

engagement and disengagement. Similar to Study One and Study Two, these cognitive 

control processes follow that of the Adaptive Control Hypothesis. This was also done to 

comprehensively examine the domain-general cognitive effects associated with bilinguals’ 

competency. 

A reliability analysis was carried out for the verbal Stroop task and non-verbal 

Global-Local task (RTs of accurate trials). For each task, five cognitive control processes 

were measured. For the Stroop task, Cronbach’s alpha reached lower reliability, α = 0.48. 

This suggests that the measures in the Stroop task may be less consistent in measuring 

verbal cognitive control. For the Global-Local task, Cronbach’s alpha reached moderate 

reliability, α = 0.66. This suggests that the Global-Local task may be adequately 

consistent in measuring non-verbal cognitive control. Across both tasks, reliability 

analyses suggest lower to moderate reliability (similar to Study One and Study Two). 

These findings are consistent across all three studies. This could highlight that each 

measure assesses unique factors (e.g., goal maintenance, interference control, task 

engagement and disengagement etc.), and that different aspects of cognitive control 

processes that are measured in each tasks. This could suggest diversity of the cognitive 

control network (e.g., Miyake & Friedman, 2012). Table 42 shows the descriptive for RTs 

for all cognitive tasks and measures. 
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Table 42. Descriptive (RTs in ms) of Cognitive Control Measures.  
 RTs of Trial Types and Measures M SD Minimum Maximum Skew Kurtosis Reliability 

(α) 

Stroop Task  α = 0.48 

Goal Maintenance  115.12 233.10 -466.14 725.97 0.49 0.59  

Interference Control: Conflict Monitoring  1120.39 246.25 770.91 1869.43 0.94 0.80  

Interference Control: Interference Suppression  170.00 225.57 -436.16 734.08 -0.32 0.73  

Selective Response Inhibition  1006.95 216.74 700.00 1897.17 2.42 3.40  

Task Engagement & Disengagement 37.32 -0.78 -404.72 267.53 -0.78 3.19  

Global-Local Task α = 0.66 

Goal Maintenance  824.65 355.64 -82.71 1623.14 -0.16 0.09  

Interference Control: Conflict Monitoring  1524.61 395.76 288.33 2446.50 -0.37 0.99  

Interference Control: Interference Suppression  6.28 129.78 -611.89 222.48 -1.95 4.12  

Selective Response Inhibition  699.97 165.25 267.67 1125.57 0.70 0.91  

Task Engagement & Disengagement 92.13 101.74 -210.47 382.86 0.57 1.51  

n = 64 - 65 

Note: All Range values are in milliseconds 
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4.2.1. Data Trimming for Cognitive Tasks 

The same data-trimming procedures as Study One and Two were applied in this 

current study. All of this resulted in the exclusion of 1% of trials from the Stroop task and 

2% of trials from the Global-Local task. No participants were removed for performance 

reasons in any of the two tasks (Table 42).  

Paired-samples t-tests were conducted to compare RTs performance across 

different trial types and conditions of cognitive control task measures. Results indicate 

that all participants showed congruency effects (e.g., congruent vs. incongruent trials) and 

cognitive cost effects (e.g., mixing costs and switching costs) between different trial types 

and conditions. This is observed through the significant differences in task performance 

between congruent (easier) and incongruent (more difficult) trials in both pure and mixed 

blocks, between pure block conditions (easier) and mixed block conditions (more difficult, 

and between repeat (easier) and switch (more difficult) trials in the mixed blocks. These 

findings suggest support for expected task performance effects associated with the 

different trial types and conditions in both the Stroop task and Global-Local task (e.g., 

Bialystok, 2010; Rubin & Meiran, 2005). Table 43 shows the descriptives and results 

from the paired-samples t-test for various trial types (congruent and incongruent) in the 

pure blocks and mixed blocks, for the Stroop task and Global-Local task. 
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Table 43. Means and SDs of Verbal and Non-Verbal Cognitive Control Measures for Various Trial Types and Conditions (RTs) 

Task Effects Cognitive Measures Mean RT (ms) SD (ms) Paired-Samples t-test (sig) 

Verbal Stroop Task 

Congruency Effect Congruent trials (Pure Block) 836.95 197.82 r = 0.41** 

t(64) = -6.08, p = 0.00, d = -0.82 Incongruent trials (Pure Block) 1006.95 216.74 

Congruency Effect Congruent trials (Mixed Block) 922.67 181.24 r = 0.69** 

t(63) = -8.85, p = 0.00, d = -0.91 Incongruent trials (Mixed Block) 1120.38 246.25 

Mixing Cost Effect Incongruent trials (Pure Block)  1005.27 218.02 r = 0.50** 

t(63) = -3.95, p = 0.00, d = -0.50 Incongruent trials (Mixed Block) 1120.39 246.25 

Switching Cost Effect Repeat trials (Mixed Block) 1028.06 198.50 r = 0.87** 

t(64) = -2.76, p = 0.00, d = -0.18 Switch trials (Mixed Block) 1065.37 219.42 

Non-Verbal Global Local Task 

Congruency Effect Global Congruent trials (Pure Block) 692.58 215.87 r = 0.76 

t(64) = 0.17, p = 0.87, d = 0.02 Global Incongruent trials (Pure Block) 689.54 185.74 

Congruency Effect Local Congruent trials (Pure Block) 687.17 209.66 r = 0.56 

t(64) = -0.98, p = 0.33, d = -0.12 Local Incongruent trials (Pure Block) 699.97 165.25 

Congruency Effect Global Congruent trials (Mixed Block) 1382.00 355.09 r = 0.75** 

t(64) = -4,38, p = 0.00, d = -0.39 Global Incongruent trials (Mixed Block) 1526.87 387.29 

Congruency Effect Local Congruent trials (Mixed Block) 1380.18 321.77 r = 0.74** 

t(64) = 4.35, p = 0.00, d = 0.36 Local Incongruent trials (Mixed Block) 1524.61 395.76 

Mixing Cost Effect Local Incongruent trials (Pure Block)  699.97 165.25 r = 0.44** 

t(64) = 18.70, p = 0.00, d = 1.72 Local Incongruent trials (Mixed Block) 1524.61 395.76 

Switching Cost Effect Repeat trials (Mixed Block) 1455.93 319.79 r = 0.97** 

t(63) = 7.37, p = 0.00, d = 0.27 Switch trials (Mixed Block) 1549.50 372.40 
N = 64 – 65 for all analyses
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4.3. Data Analysis Approach  

To address the research question of this study, independent samples t-tests and the 

Mann-Whitney U test were carried out to compare between high competency bilinguals 

and low competency bilinguals on cognitive control measures (dependent variables). 

Prior to conducting these analyses, the assumptions for normality and homogeneity of 

variance were conducted. To test for normality of all cognitive control measures, skew 

and kurtosis were examined. To test for the assumption of homogeneity of variance, the 

Levene’s Test for Equality of Variance was conducted.  

Based on the skew and kurtosis of all cognitive control measures, most cognitive 

control task measures fall within the acceptable range and are relatively normal (Table 

33). However, it is observed that two measures depart slightly from normality: (1) 

selective response inhibition in the verbal Stroop task and (2) interference control: 

interference suppression in the non-verbal Global-Local task. An inspection of Q-Q plots 

also revealed that they were not normally distributed. The Levene’s Test for Equality of 

Variance revealed that there was homogeneity of variance for most cognitive control 

measures (all ps > 0.05) except for selective response inhibition in the verbal Stroop task 

(p = 0.02).  

In view of these observations, the Mann-Whitney U test was conducted on: (1) 

selective response inhibition (verbal Stroop task), and (2) interference control: 

interference suppression (non-verbal Global-Local task). This was done for these two 

cognitive control measures because they did not meet the assumptions of homogeneity 

and variance. For all the other cognitive control measures, independent samples t-tests 

were conducted with a 95% confidence internal for the mean difference. This was done 

as these cognitive control measures met the assumptions of homogeneity and variance 
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5. Results 

Research Question Five: How Do High-Competent and Low-Competent 

Bilinguals who are matched for Relative Balance Differ in their Verbal and Non-

Verbal Cognitive Control Efficiency?  

To answer question five, independent samples t-test and the Mann-Whitney U 

Test were conducted to compare group differences between high competency and low 

competency bilinguals on verbal and non-verbal cognitive control processes. Table 44 

shows the results of these analyses. 

5.1.Verbal Cognitive Control  

The Mann-Whitney U Test was run to evaluate group difference in selective 

response inhibition (Stroop task: RTs of incongruent trials in the pure block). The 

medians of high competent bilinguals and low competent bilinguals were 921.55ms and 

1031.31ms, respectively. A significant effect of group was found. The mean ranks of high 

competent bilinguals and low competent bilinguals were 27.38 and 38.45, respectively 

(U = 348.00, Z = -2.36, p < 0.05, r = -0.29). These results suggest that high competent 

bilinguals demonstrated efficiency (faster RTs) in verbal selective response inhibition as 

compared to low competent bilinguals.  

Independent samples t-test was run to compare verbal goal maintenance, 

interference control: conflict monitoring, interference control: interference suppression, 

and task engagement and disengagement, in high competent and low competent bilinguals. 

A trend was observed for interference control: conflict monitoring, t(62) = -1.93, p = 0.06, 

d = 0.61. High competent bilinguals demonstrated efficiency (faster RTs) in verbal 

interference control: conflict monitoring process. No group differences were observed 
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between high competent and low competent bilinguals in other verbal cognitive control 

measures (all ps > 0.05). 

5.2. Non-Verbal Cognitive Control 

The Mann-Whitney U Test was run to evaluate group difference in interference 

control: interference suppression. The medians of high competent bilinguals and low 

competent bilinguals were 49.96ms and 22.28ms, respectively. There was no significant 

effect of group. The mean ranks of high competent bilinguals and low competent 

bilinguals were 34.34 and 30.66, respectively (U = 453.00, Z = -0.79, p > 0.05, r = -0.09). 

Independent samples t-test was run to compare non-verbal goal maintenance, 

interference control: conflict monitoring, and task engagement and disengagement, in 

high competent and low competent bilinguals. No group differences were observed 

between high competent and low competent bilinguals on these non-verbal cognitive 

control measures (all ps > 0.05). Overall, these findings show that high and low 

competency bilinguals performed similarly in the domain of non-verbal cognitive control. 
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Table 44. Results of Group Comparisons for Cognitive Control Measures (mean RTs and SDs). 
 High Competency 

(n=32) 

Low Competency 

(n=33) 

Significance 

Verbal Stroop Task 

Goal Maintenance 121.52 (151.53) 108.72 (295.59) t(62) = 0.22, p = 0.83, d = 0.05 

Interference Control: Conflict Monitoring  1062.12 (214.27) 1178.65 (265.16) t(62) = -1.93, p = 0.06, d = -0.61 

Interference Control: Interference Suppression  125.04 (197.01) 213.60 (245.31) t(63) = -1.60, p = 0.11, d = -0.40 

Selective Response Inhibition 921.55 1031.31 U = 348.00, Z = -2.36, p = 0.02*, r = -0.29 

Task Engagement & Disengagement 20.66 (85.29) 53.46 (127.28) t(63) = -1.22, p = 0.23, d = -0.30 

Non-Verbal Global Local Task 

Goal Maintenance 830.36 (332.04) 819.10 (382.20) t(63) = 0.13, p = 0.90, d = 0.03 

Interference Control: Conflict Monitoring  1062.12 (214.27) 1178.65 (265.16) t(63) = -0.16, p = 0.88, d = -0.04 

Interference Control: Interference Suppression  49.96 22.28 U = 453.00, Z = -0.79, p = 0.43, r = -0.09 

Selective Response Inhibition 940.60 (150.25) 1071.29 (251.80) t(63) = -0.65, p = 0.52, d = -0.16 

Task Engagement & Disengagement 87.45 (79.40) 96.67 (120.12) t(63) = -0.36, p = 0.72, d = -0.09 

* p < 0.05 (2-tailed) ** p < 0.01 (2-tailed) 

Note: The Mann-Whitney U Test was conducted for Verbal Selective Response Inhibition and Non-verbal Interference Control: Interference Suppression. Median (RT 

in ms) and results from the Mann-Whitney U Test are reported.  

Independent samples t-test was conducted for all other verbal and non-verbal cognitive control tasks. Means and SDs (RT in ms) and results from the independent 

samples t-test are reported. 
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6. Discussion 

Bilingual competency is arguably a key aspect of bilingual language control. 

Theoretical propositions and substantial behavioral evidences have suggested the 

importance of it with the engagement and enhancement of cognitive control processes 

(Kroll et al., 2015), where higher competencies have been associated with greater 

cognitive efficiency (e.g., Iluz-Cohen & Armon-Lotem, 2013; Mishra et al., 2012; 

Rosselli et al., 2015; Xie, 2018; Yow & Li, 2015). Within the Adaptive Control 

Hypothesis, the positive role of bilingual competency is also discussed. It posits that 

cognitive control efficiency would ensue when bilinguals demonstrate high competency 

in both their languages, and/or when there is an increase in their bilingual competencies. 

However, due to limitations and gaps observed in the current literature, it remains 

uncertain if the current observed cognitive efficiencies are attributable to bilinguals’ 

competency (absolute knowledge) or to balance (relative knowledge). Accordingly, this 

study sought to address this, by accounting for bilinguals’ relative balance between their 

languages (i.e., relative difference), so that observed cognitive outcomes are more directly 

attributable to the processes associated with competency. In doing so, it also seeks to 

address if a minimum threshold in competency is required for cognitive differences to be 

observed.  

This study measured bilingual competency through a multi-dimensional approach, 

whereby verbal fluency and language usage were used as a composite indicator of their 

linguistic competency in each of their languages. This was done to better reflect bilinguals’ 

natural use of their languages and mirror their actual linguistic competencies (Treffers-

Daller & Korybski, 2015). Bilinguals were then categorized into two groups – high-

competent and low-competent bilinguals based on their competency index scores in each 
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of their languages (English and Mandarin). Thereafter, between group analyses were 

performed on verbal and non-verbal cognitive control measures.  

The discussion below will focus on answering research question five. Next, it will 

also discuss current findings in relation with the Threshold Hypothesis and the Adaptive 

Control Hypothesis. Lastly, it will discuss observations of this current study’s multi-

dimensional approach of measuring bilingual competency 

6.1. Research Question Five: How Do High-Competent and Low-Competent 

Bilinguals who are Matched for Relative Balance Differ in their Verbal and 

Non-Verbal Cognitive Control Efficiency? 

To answer research question five, results from this study found that differences 

between high competent bilinguals and low competent bilinguals was observed in verbal 

selective response inhibition. A trend was also observed in verbal interference control: 

conflict monitoring. These findings show that bilinguals who have high competency in 

both of their languages demonstrate differences in their verbal selective response 

inhibition process and conflict monitoring processes as compared to low-competent 

bilinguals. However, no group differences were observed across other verbal and non-

verbal cognitive control measures.  

Current results corroborate with past evidences. For example, Yow and Li (2015), 

who examined bilinguals of similar language profiles as this current study, found that 

higher degrees of balanced bilingualism was associated with verbal interference control 

efficiency (smaller Stroop effect). In Singh and Mishra (2012), high proficient Hindi-

English young adult bilinguals (i.e., balanced and competent) were faster on incongruent 

trials (faster saccadic latencies), and all trial types compared with low proficient 

bilinguals for the color and direction Stroop tasks. Lower error rates were also observed 
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with high proficient bilinguals compared with low proficient bilinguals. In Xie (2018), 

Mandarin-English young adult bilinguals with the highest L2 proficiency (i.e., balanced 

and competent) demonstrated non-verbal conflict monitoring efficiency when compared 

with other bilingual groups with lower levels of L2 proficiency. Balanced and competent 

bilinguals were found to have faster RTs across all trial types (congruent, incongruent, 

and neutral trials) in the Flanker task. These collective findings suggest a consistent 

pattern, associating high bilingual competency with cognitive control efficiency (e.g., 

faster RTs and smaller cognitive costs). 

These findings can be reasoned through the Inhibitory Control (IC) model (Green, 

1998). According to the IC model, it proposes that when there is greater overlap in 

bilinguals’ language representations, there is a higher level of lexical co-activation and 

competition (parallel activation) (Pivneva, Palmer, & Titone, 2012). Based on this study, 

it is likely that high-competent bilinguals would experience higher lexical co-activation 

due to the larger semantic knowledge that they have in each of their languages. This larger 

volume of language knowledge in their languages (i.e., larger vocabulary and more 

language representations), is likely to activate higher linguistic co-activation and lexical 

competition as compared to low-competent bilinguals who have lesser knowledge in their 

languages (i.e., smaller vocabulary and less language representations).  

For low-competent bilinguals, it is likely that they experience lesser co-activation 

and competition because of their lack of semantic knowledge and language 

representations in each of their languages. These findings draw important attention to the 

contributing effect of lexical and semantic knowledge in the engagement of linguistic 

control, with greater amounts of semantic knowledge (language representations) eliciting 

higher lexical co-activation and competition. From this, it is proposed that bilinguals’ 
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linguistic conflict might stem especially from the heightened co-activation and 

competition of lexical and semantic knowledge, and where verbal cognitive control 

processes are implicated to resolve it, leading to subsequent efficiency in them. 

6.2. Cognitive Domain Specificity of Bilingual Competency 

 Current findings highlight that there is specificity to the association between 

bilingual competency and cognitive control, where differences are observed to be 

domain-specific (verbal control) and not domain-general (non-verbal control). Further, 

this specificity is also observed to the cognitive control processes that it engages. It is 

noteworthy that findings from this study (Study Three) are consistent with that from Study 

One (Chapter Three). In Study One, measures of verbal fluency (in English and Mandarin 

separately) predicted verbal selective response inhibition and interference control: 

conflict monitoring processes. In both Study One and this study (Study Three), the 

association between bilingual competency with verbal monitoring and selective response 

inhibition processes are consistently observed. Across both studies, a lack of association 

with non-verbal control processes is observed. These collective results illustrate a 

consistent narrative in relating bilingual competency with verbal control but not non-

verbal control processes. More specifically, bilingual competency is related to verbal 

selective response inhibition and conflict monitoring processes.  

This is significant in informing theoretical propositions related to cognitive 

control such as Miyake and colleagues’ (2000; 2012) executive function network, which 

suggest that there is unity and diversity to the processes within this network. Based on 

this current study, the diversity of the network is observed in terms of the distinct and 

specific relationship between bilingual language competencies with verbal cognitive 

control processes. This could also explain some of the inconsistent findings in the field 
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(e.g., Paap and Sawi, 2014). In many studies, it is noticed that non-verbal cognitive tasks 

(e.g., Flanker task, Simon task etc.) are typically used as indicators of bilinguals’ 

cognitive control performance. 

  In view of current findings and that from Study One, the association between 

bilingual competency and cognitive control could be specific to the verbal domain 

particularly that of selective response inhibition and conflict monitoring processes. This 

observation supports past evidences which have argued that the effects of bilingualism 

are most noticeable in verbal Stroop-type tasks (e.g., Blumenfeld and Marian, 2014), due 

to the overlapping engagement between bilingual language control and related cognitive 

control processes that are necessitated in task performance (e.g., conflicting verbal 

information). This highlights the sensitivity and specificity of measuring cognitive 

control processes with aspects of bilingual engagements. The observation with conflict 

monitoring efficiency also add to a growing body of evidence which show consistency in 

its association with bilingualism (e.g., Bialystok, 2017; Costa et al., 2009; Hilchey and 

Klein, 2011; Xie, 2018). This can suggest that the effects of bilingualism are more 

consistently related to conflict monitoring processes. Altogether, this shows the 

specificity of bilingual language control with cognitive control processes, and this is of 

important future theoretical and methodological consideration. 

6.3. High Threshold of Bilingual Competency 

In relation to Cummins’ (1979) Threshold Hypothesis, current findings support 

its proposal that cognitive differences will occur only when bilinguals attain a certain 

threshold of absolute competency in both their languages, and that these observed 

cognitive effects are attributable to competency rather than to balance. The hypothesis 

posits that a high threshold of competency in both languages is needed – A bilingual must 
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demonstrate a sufficiently high degree of knowledge in each of their languages for 

positive cognitive effects to be conferred. Findings from this study lend credence to this 

view, and also advance it in suggesting bilingual competency to be related to verbal 

semantic and lexical knowledge. Although the exact quantifiable degree of this 

knowledge threshold cannot be ascertained based on this current study, current findings 

highlight that a substantially high level of it is necessitated for cognitive differences to be 

observed. This supports some recent views which have suggested that cognitive effects 

associated with bilingualism might be a step function (e.g., Valian, 2015), where its 

effects are observed once this “step” is surpassed. Future studies will need to examine 

this threshold and “step” more specifically (and quantifiably), to determine the degree of 

this threshold in which cognitive differences emerge, and the varying extent of these 

differences. 

6.4. Bilingual Competency and the Adaptive Control Hypothesis 

Relating back to the Adaptive Control Hypothesis, findings from this study 

support the model in qualifying the significance of bilingual competency to be an 

important aspect of bilingualism that is associated with cognitive control advantages. 

Currently, the model briefly discusses the possible contributing influence of bilingual 

competency on language and cognitive control. It also does not distinguish between the 

effects of competency and balance, and discuss positive cognitive effects to emerge from 

either or both of them. Findings from this study inform the model by suggesting for its 

focus to be on high and balanced competency. Findings from this study further associate 

the cognitive control processes of verbal selective response inhibition and interference 

control: conflict monitoring with high and balanced bilingual competency. As such, 

future studies that seek to test the model further, should consider and examine the role of 
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bilingual competency within it, and the relationship with verbal cognitive control 

processes. 

6.5. Measuring Bilingual Competency 

In comparing between this current study and that of Yow and Li (2015), results 

from both studies demonstrate that a combined use of language usage and verbal 

competency measures (e.g., verbal fluency) could be a multi-dimensional approach to 

measure bilingual competency. This adds to the current literature in supporting the use of 

a multi-dimensional approach to define and measure bilingual competency objectively 

and subjectively (e.g., DeCat, Gusnanto, & Serratrice, 2018; Sheng, Lu, & Gollan, 2014; 

Treffers-Daller and Korybski, 2015). However, it is observed that both bilingual groups 

in this study were relatively similar in their self-reported language measures (e.g., self-

ratings of language proficiency, frequency of language use). This finding supports 

previous evidence which have similarly found that high and low competent bilinguals 

(when objectively categorized) rate themselves similarly in their perceived language 

proficiency (e.g., Bialystok, Craik, & Luk, 2008). Previous evidence has also found that 

bilingual adults are better at classifying their relative dominance (balance) between their 

languages, than their absolute proficiency and use in each language (Gollan et al., 2012; 

Sheng, Lu, & Gollan, 2014). Future studies that seek to measure bilingual competency 

should consider a multi-dimensional approach through objective and subjective measures. 

With subjective language measures, self-ratings should consider measuring bilingual’s 

relative dominance rather than their absolute proficiency. 

7. Overall Summary of Study Three and Proposed Future Studies 

Findings from this study add to an increasing body of evidence, in showing 

cognitive control efficiency to be observed with highly competent bilinguals (Blumenfeld 
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& Marian, 2014; Costa et al., 2009; Singh & Misra, 2012; 2013; Tse & Altaribba, 2012; 

Xie, 2018). This supports prior theoretical propositions which argue that cognitive control 

efficiency is associated when bilinguals are highly competent in both of their languages 

due to high lexical co-activation and competition that occurs for these bilinguals (e.g., 

Bialystok, 1993; Cummins, 1976; 1979; Green, 1998). Findings from this study further 

attribute the engagement of this linguistic conflict to the activation and competition from 

bilinguals’ lexical and semantic knowledge (e.g., expressive vocabulary), where 

cognitive differences are associated with higher thresholds of it (i.e., high competency in 

each language). This could suggest that the relation between bilingual competency and 

effects with cognitive control is related to underlying processes of absolute bilingual 

competency (and not balance) in lexical and semantic knowledge. However, as the exact 

level of threshold cannot be ascertained based on this current study, future research should 

examine this. It can focus on identifying more precisely, the exact level of threshold that 

is needed, in order for cognitive efficiencies to emerge.  

Findings from this study qualify for the contributing role of high and balanced 

competency within the Adaptive Control Hypothesis. It is proposed that further 

developments to the model should consider it as an important aspect with it. Accordingly, 

future research can closely examine it further and test for its exact role within the model. 

Lastly, as differences in cognitive control was demonstrated only in the verbal domain, 

these findings highlight the specificity of its association with verbal control processes and 

not domain-general ones. Current findings echo that of the first study, in illustrating a 

consistent narrative in relating bilingual competency specifically with verbal control, 

particularly in selective response inhibition and interference control: conflict monitoring 

processes. This supports the notion that bilingual cognitive effects might be sensitive to 
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its different aspects and engagements (e.g., Yamasaki, Stocco, & Prat, 2018). This could 

suggest that future research should consider task sensitivities especially when measuring 

bilinguals in their cognitive control performance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



                               274                                                                                                   

 

Chapter 6 – Summary of Research and Conclusion 

This chapter starts with a summary of this research and answers all of five research 

questions. Next, observations of key findings will be discussed. Thereafter, theoretical 

contributions of this research will also be highlighted. Following which, limitations and 

recommendations for future research will be presented. The chapter ends with an overall 

conclusion. 

1. Summary of Overall Thesis 

The broad aim of this research sought to examine the so-called “bilingual 

advantage hypothesis”, through the Adaptive Control Hypothesis (Green & Abutalebi, 

2013). It examined how two key aspects of bilingual language control – language 

switching and bilingual competency, affect domain-general cognitive control during early 

adulthood. By examining the hypothesis, this research attempted to systematically 

disentangle the cognitive effects associated with language switching and bilingual 

competency.  

Accordingly, this current research aimed to answer five research questions 

through three separate studies. To answer these questions, this study examined within 

groups of young-adult English-Mandarin bilinguals who are at the peak of cognitive 

development, and for whom earlier evidence is equivocal than those found in other age 

ranges (e.g., early childhood and older adulthood). Broad measures of cognitive control 

processes were collected to comprehensively examine the extent of bilingual effects on 

domain-general cognitive efficiency proposed within the Adaptive Control Hypothesis. 

To methodically capture bilingual competencies and actual use of their languages, 

bilinguals were assessed objectively and subjectively, through ecologically valid and 

multi-dimensional approaches.   
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Overall, findings across the three studies demonstrate the heterogeneous nature of 

bilingualism and illustrate the distinctiveness of language switching and bilingual 

competency as key aspects of bilingual language control (see Table 45). Across all studies, 

cognitive control efficiency is observed when bilinguals frequently engage in 

linguistically challenging environments (e.g., dual-language context), switch between 

their languages in a controlled way, and are highly competent in both their languages. 

However, each of these aspects is associated with efficiency in distinct domains of 

cognitive control and processes. At the same time, they are observed to be associated with 

interference control: conflict monitoring processes. These results examine the 

assumptions and predictions proposed within the Adaptive Control Hypothesis. They also 

examine current views associating bilingualism with domain-general cognitive 

advantages. In the next section, a summary of findings from this research will be 

discussed based on each research question.  
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Table 45. Summary of Key Significant Findings across Three Studies. 
 Cognitive Control 

Processes 

Goal Maintenance  Interference 

Control: 

Conflict Monitoring 

Interference Control: 

Interference 

Suppression 

Selective Response 

Inhibition 

Task Engagement 

& Disengagement  

Cognitive Tasks Stroop   Global-

Local  

Stroop  Global-

Local  

Stroop  Global-

Local  

Stroop  Global-

Local  

Stroop 

Task  

Global-

Local 

Task 

 

 

 

Study One:  

Comparison 

Study  

English Verbal 

Fluency  

  Faster 

RTs 

   Faster 

RTs 

   

Mandarin Verbal 

Fluency  

  Faster 

RTs 

       

Self-Rated Dual-

Language Context 

Engagement 

   Faster 

RTs 

      

 

 

Study Two: 

Language 

Switching 

Study 

Self-Rated Dual-

Language Context 

Engagement  

        Smaller 

Switch 

Cost 

 

Naturalistic 

Conversation:  

Inter-sentential 

Switching 

 Smaller 

Mixing 

Cost 

 Faster 

RTs 

      

Study 

Three: 

Bilingual 

Competency 

Study 

 

High Competent 

Bilinguals 

   

Faster 

RTs 

    

Faster 

RTs 
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1.1. Study One: Examining the relative effects of bilingual language control on 

cognitive control processes (Comparison Study) 

The first study was a comparative study to collectively examine the relative effects 

of bilinguals’ reported engagement in a dual-language context and bilingual competency 

(in each language) on cognitive control processes, through multiple regression models.  

Research Question One: What are the relative effects of dual-language 

context engagement and language competencies with verbal and non-verbal 

cognitive control processes? 

Answering research question one, results showed that reported frequency of 

engagement in a dual language environment predicted non-verbal interference control: 

conflict monitoring efficiency. Measures of bilingual competency in each language 

(verbal fluency) predicted efficiency in verbal conflict monitoring and selective response 

inhibition processes. From this, their distinction as separable aspects of bilingual 

language control are observed and suggest their relative significance as key aspects of 

bilingual language control. Results also demonstrated that language measures of 

bilinguals’ expressive verbal fluency in each of their languages emerged as consistent 

predictors of verbal interference control: conflict monitoring efficiency. This highlights 

that expressive verbal fluencies could be an important aspect of bilingual competency and 

language control. Altogether, findings from this qualified for further research to examine 

the effects of language switching engagements and bilingual competency with cognitive 

control, systematically and separately. 
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1.2. Study Two: Examining the relationship between language switching and 

cognitive control (Language Switching Study) 

Extending from Study One, Study Two sought to examine all aspects of the model 

and its proposed predictions. The aim of Study Two was to examine the ecological 

validity of the different interactional contexts (single-language context, dual-language 

context, and dense code-switching context) within bilinguals, and the language and 

cognitive control predictions associated with them as discussed within the Adaptive 

Control Hypothesis. This study also aimed to examine how bilinguals’ language 

switching engagements (reported) and behaviors (observed) are associated with various 

cognitive control processes, as predicted by the Adaptive Control Hypothesis. More 

rigorous approaches were taken in this study to measure bilinguals’ self-reported 

language switching engagements and behaviors. An experimental approach was also used 

to objectively measure bilinguals’ naturalistic word and sentential language switches. 

Three research questions were asked (RQs 2 – 4) 

1.2.1. Research Question Two: Do Bilinguals Vary in their Engagement in the Three 

Interactional Contexts Described by the Adaptive Control Hypothesis? 

Answering research question two, results demonstrated that there is fluidity 

between bilinguals’ engagement in the different interactional contexts. Results also show 

that bilinguals’ engagement in the different interactional contexts is not related to their 

observed language switching behaviors. Overall, these findings suggest that there is 

fluidity in bilinguals’ language ecologies, and they question the ecological validity of the 

three interactional contexts that is proposed within the Adaptive Control Hypothesis.  

In Study Two, results suggests that bilinguals’ higher frequency of  reported 

engagement in an interactional context in which languages are used in separate 

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



          279                                                                                                   

 

environments (single-language context), is reversely related to their reported engagement 

in an interactional context in which both languages are used in the same environment 

(dual-language context), and general language switching. However, the correlations were 

negative and small. This indicates that within the current sample, there is not a strong 

distinction between bilinguals who report engaging in a single-language context or in a 

dual-language context and in language switching behaviors. This suggests fluidity 

between bilinguals’ engagement in the single-language context and the dual-language 

context.    

Results also suggests that higher frequency of engagement in an interactional 

context in which both languages are used in the same environment is associated with 

higher frequency of engagement in general language switching, inter-sentential switching, 

and intra-sentential switching (dense code-switching context). These correlations were of 

moderate strength. This suggests that a less clear distinction is observed between 

bilinguals who engage in a dual-language context or dense code-switching context. This 

suggests there that there is substantial fluidity between these two contexts. Altogether, 

these results highlight the fluidity of bilinguals’ engagement in the three different 

interactional contexts.  

This suggests that within a multilingual population, there is a less clear distinction 

in bilinguals’ primary engagement in each interactional context. As bilingualism is argued 

to be a dynamic experience and not a categorical variable (Luk & Bialystok, 2013), 

primary engagement in each interactional context might not be possible in a multilingual 

population. This supports the alternative view put forward in the Adaptive Control 

Hypothesis. Although the model proposes that there are three primary interactional 
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contexts that bilinguals engage in, it also proposes that there could be fluidity in bilinguals’ 

interactional contexts. Current findings support the model’s alternate view.  

Results also showed that there were no significant correlations observed between 

self-reported engagement in each interactional context and predicted language switching 

behaviors. This suggests that bilinguals’ primary reported engagement in the different 

interactional contexts is not associated with an expected pattern of observed language 

switching behaviors, when objectively measured. How bilinguals engage in their 

language environment on a daily basis, does not seem to be related to how their switch 

and use their languages in the immediate environment. These findings do not support the 

predictions made within the Adaptive Control Hypothesis, which associate the 

engagement in certain interactional context (e.g., dual-language context) with language 

switching behaviors (e.g., inter-sentential switching). This could be due to the fluidity of 

bilinguals, where bilinguals may not categorically find themselves in a single type of 

interactional context. This could limit the extent to which differences in language 

switching behaviors might be observed. There is also evidence that bilinguals’ language 

switching behaviors are dependent on the language context and environment (e.g., 

Blanco-Elorietta & Plykkanen, 2017).  

In view of the fluidity of bilinguals’ engagement in different language 

environments, it is also likely that bilinguals in this study may be adept at switching 

between languages based on environmental factors and cues. However, these factors are 

not discussed within the Adaptive Control Hypothesis or this current study. This is due 

to the dearth of studies that have examined the factors that may influence bilinguals’ 

language switching behaviors. These findings question the distinct categorization of the 

types of interactional contexts, and suggest instead, that there is fluidity in bilinguals’ 
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linguistic environments. Current findings suggest that the interactional contexts should 

be presented on a continuum. Current findings also demonstrate the methodological 

difficulty in categorizing bilinguals through self-reported language switching behaviors. 

Findings also challenge the model’s assumption that relate bilinguals’ primary 

engagement in different interactional contexts with specific language switching behaviors. 

Instead, other factors could influence how bilinguals switch between their languages in 

their immediate language environment. 

1.2.2. Research Question Three: What is the Relationship between Bilinguals’ 

Primary Engagement in Certain Interactional Contexts with Verbal and Non-

Verbal Cognitive Control? 

To answer research question three, results demonstrated that after accounting for 

bilingual proficiency, higher reported engagement in a dual-language context 

demonstrated a trend towards its association with verbal task engagement and 

disengagement efficiency (smaller switch cost). These findings may lend some support 

to the Adaptive Control Hypothesis, that higher engagement in the dual-language context 

could confer cognitive control efficiency. However, current findings only demonstrated 

a trend.  

Cognitive verbal efficiency in engagement and disengagement could be conferred 

due to the high presence and use of both languages in their daily interactions, where 

bilinguals have to constantly engage (activate) and disengage (switch) between their 

languages. In order to communicate across different linguistic contexts, they have to 

select the appropriate representation of the target language, inhibit the non-target 

language, and switch between them (Green & Abutalebi, 2013). Increased engagements 
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in a dual-language environment could “train up” the verbal engagement and 

disengagement process over time.  

However, this current finding did not replicate what was found in Study One.  This 

could be due to the addition of more targeted and specific questions related to bilinguals’ 

dual-language context engagements, highlighting the sensitivity in measuring language 

switching engagements through self-reported ratings. Nonetheless, across both Study One 

and Study Two, higher reported engagement in a dual-language environment was found 

to be associated with verbal and non-verbal cognitive control efficiency. This adds to a 

growing narrative in suggesting that higher engagement in dual-language environments, 

where both languages are constantly present and used, could confer cognitive control 

efficiency (e.g., Hartanto & Yang, 2016; Henrard & Van Dale, 2017). Accordingly, when 

bilinguals frequently engage in such a linguistic environment, cognitive control processes 

might be necessitated in order for them to communicate effectively.  

These findings only lend partial support to the Adaptive Control Hypothesis. The 

model proposes that higher engagement in a dual-language context is associated with 

domain-general cognitive control processes. However, findings from Study One and 

Study Two associate it with non-verbal interference control: conflict monitoring and task 

engagement and disengagement processes, respectively. This could be attributed to the 

fluidity of bilinguals’ linguistic ecologies, especially in multilingual societies. In such 

environments, bilinguals are constantly exposed to both languages and may use them 

frequently. As such, the extent of its effect on domain-general cognitive control processes 

might not be adaptively observed. Alternatively, a certain threshold of “intensity” in 

engagement within linguistic environments might be needed before cognitive effects 

might be observed. 
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1.2.3. Research Question Four: What is the Relationship between Bilinguals’ 

Observed Language Switching Behaviors with Verbal and Non-Verbal 

Cognitive Control? 

In examining research question four, a more complex relationship is observed. 

Findings showed that higher frequency of inter-sentential switches (controlled language 

switching) in the naturalistic conversation task (i.e., un-cued switching and high 

ecological validity), predicted efficiency in non-verbal goal maintenance and interference 

control: conflict monitoring processes. This could lend support to the Adaptive Control 

Hypothesis and previous theoretical views that propose higher cognitive control to be 

associated with controlled types of sentential language switches (e.g., Green & Wei, 2014; 

Muysken, 2000; Treffers-Daller, 2009). Based on the idea that greater language 

separation equates to greater cognitive control, inter-sentential switching is implied to 

involve high cognitive control (e.g., interference control) due to the active suppression 

required in language use. This finding extends current knowledge, by associating higher 

linguistic control (inter-sentential switching) with efficiency in non-verbal goal 

maintenance and conflict monitoring processes. This highlights the complexity of 

bilinguals’ naturalistic language switching production and the diversity of the cognitive 

control network (Miyake & Friedman, 2012). Current findings highlight that there are 

different types of language switches. These different types of language switches may 

differ in its corresponding effects on specific cognitive processes and domains of 

cognitive control (i.e., verbal or non-verbal).  

Overall, findings from Study Two are significant in examining the assumptions 

and predictions of the Adaptive Control Hypothesis. They demonstrate the intricate 

relationship between language switching engagements and cognitive control.  
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1.3. Study Three: Examining the Effects of Bilingual Competency on Cognitive 

Control 

The final study examined the cognitive effects of bilingual competency, by 

comparing cognitive control efficiency between high-competent and low-competent 

bilinguals. In study three, a between-group method was used. This study also aimed to 

examine if a minimum threshold is necessary (even with balance), for cognitive 

differences to be observed. As an indicator of bilingual competency, this study employed 

a multi-dimensional approach through a combination of self-rated language usage and 

objective performance in verbal fluency.  

Research Question Five: How do high-competent and low-competent 

bilinguals who are matched for relative balance differ in their verbal and non-verbal 

cognitive control efficiency? 

 To answer research question five, results found that after accounting for bilinguals’ 

relative balance, differences between high-competent bilinguals and low-competent 

bilinguals were observed in verbal selective response inhibition processes. A trend was 

also observed for verbal interference control: conflict monitoring processes.  However, 

no group differences were observed across all non-verbal cognitive control measures. 

These findings show that bilinguals who have high competency in producing and using 

both of their languages demonstrate differences in their verbal control processes as 

compared to low-competent bilinguals. Current findings also highlight that a high 

threshold of bilingual competency is needed in order for differences in cognitive control 

processes to be observed. This could suggest that bilinguals’ linguistic control might be 

implicated especially from the heightened co-activation and competition of having 

similarly high lexical knowledge in both of their languages. Due to the semantic nature 
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of having to resolve this linguistic conflict, verbal cognitive control processes are 

implicated, leading to subsequent efficiency in them.  

Findings from Study One and Study Three show a consistent association between 

bilingual competency with verbal cognitive control efficiency. Across both studies, a lack 

of association with non-verbal control processes is observed. This suggest that the 

cognitive effects associated with bilingual competency are domain-specific (i.e., verbal), 

and do not extend beyond to non-verbal control processes. These findings could be 

reasoned through the Inhibitory Control (IC) model (Green, 1998). According to the IC 

model, it proposes that when there is greater overlap in bilinguals’ language 

representations, there is a higher level of lexical co-activation and competition (parallel 

activation). Based on this study, it is likely that high-competent bilinguals would 

experience higher lexical co-activation due to the larger semantic knowledge that they 

have in each of their languages. This larger volume of language knowledge in their 

languages (i.e., larger vocabulary and more language representations), is likely to activate 

higher linguistic co-activation and lexical competition as compared to low-competent 

bilinguals who have lesser semantic knowledge in their languages (i.e., smaller 

vocabulary and less language representations). Results from this study could suggest that 

verbal control processes are implicated in high-competent bilinguals, leading to observed 

efficiency in them. This could suggest that the relation between bilingual competency and 

effects with cognitive control is related to underlying processes of absolute bilingual 

competency (and not balance). 

These findings support previous theoretical propositions such as the Threshold 

Hypothesis (Cummins, 1976; 1979) which argue that cognitive control efficiency is 

associated when bilinguals are highly competent in both of their languages due to high 
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language control that is demanded for these bilinguals (e.g., Bialystok, 1993). Current 

findings also support the Adaptive Control Hypothesis, in qualifying bilingual 

competency to be an important aspect of bilingual language control. Results further 

contribute to the model in suggesting the significance of high bilingual competency with 

verbal control efficiency. This study also demonstrates that a multi-dimensional approach 

of using bilingual usage and proficiency measures could be used to measure bilingual 

competency. This supports the growing view that measures of bilingual competencies 

should be measured through multi-dimensional approaches (e.g., DeCat, Gusnanto, & 

Serratrice, 2018; Treffers-Daller and Korybski, 2015), and through objective and 

subjective means (e.g., Sheng, Lu, & Gollan, 2012).  

Overall, findings from Study Three qualify for the contributing role of high and 

balanced bilingual competency to be considered within the Adaptive Control Hypothesis. 

Current findings also add to an increasing body of evidence in showing cognitive 

efficiency to be observed with bilinguals who are highly competent in both of their 

languages. Consistent across study one and study three, efficiency is observed particularly 

in the verbal domain of cognitive control. This study further attributes it to verbal 

selective response inhibition and conflict monitoring processes. 

2. General Observations of Findings across Three Studies 

In this section, the significant aspects of bilingual language control are identified 

(Table 45). Next, an overview of the Adaptive Control Hypothesis will be discussed in 

relation to current findings. Lastly, the association between bilingual language control 

and cognitive monitoring will be examined. 
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2.1. Bilingual Language Control and its Cognitive Bounds 

Based on findings across all three studies, it is observed that cognitive control 

efficiency is associated when bilinguals frequently engage in linguistically demanding 

environments (e.g., dual-language context), switch between their languages in a 

controlled way (inter-sentential switches), and are highly competent in both their 

languages (Table 45). Results from this research suggest that these experiential factors 

are key aspects of bilingual language control and are associated with efficiency in verbal 

and non-verbal cognitive control processes. They are especially observed with 

interference control: conflict monitoring processes.  

Altogether, these overall results demonstrate the heterogeneity of bilingual 

language experiences and control. An interesting and consistent narrative is illustrated, in 

that there are different aspects of bilingual language control. These different aspects of 

bilingual language control are distinct in their association with different domains of verbal 

and non-verbal cognitive control and with specific cognitive control processes. This 

highlights the dynamism of the bilingual experience and suggest that a more nuanced and 

associative view towards bilingualism should be undertaken. 

2.2. Evaluating the Adaptive Control Hypothesis 

This research directly tested the Adaptive Control Hypothesis by examining the 

ecological validity of the model’s three interactional contexts (single-language context, 

dual-language context, and dense code-switching context). It also examined the model’s 

assumptions and predictions of these interactional contexts, in relation to language and 

cognitive control. While the model stands out as a widely referenced model, findings from 

this study suggest partial support for it and that certain aspects of the model might require 

further consideration.  
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In examining the ecological validity of the three interactional contexts, current 

findings support the model’s alternate view that there is fluidity in bilinguals’ language 

environments. Primary engagement in each type of interactional context might not be 

clearly distinguishable especially in multilingual populations. While the model’s 

classifications of the three interactional contexts might be theoretically useful, findings 

from this study (Study Two) show that there is substantial overlap and fluidity in 

bilinguals’ engagement in these interactional contexts, especially in multilingual 

populations. Findings from this study could suggest that bilinguals’ engagement in these 

interactional contexts should be presented on a continuum.  

The Adaptive Control Hypothesis assumes that primary engagement in an 

interactional context is associated with language switching behaviors. However, this is 

not observed based on findings from Study Two. This could be attributed to the fluidity 

of bilinguals’ engagement in the different interactional contexts. It is likely that the 

bilinguals in this study, are also adept at switching between their languages based on 

contextual factors and environmental cues in their immediate language environment. 

There is evidence that bilinguals may use and switch between their languages based on 

environmental factors (e.g., Blanco-Elorietta & Pylkannen, 2017). However, how 

bilinguals choose to use their languages and switch between their languages, remain 

unclear. This is due to the observed dearth of studies that have examined how and why 

bilinguals switch between their languages. These factors are not discussed or examined 

within the Adaptive Control Hypothesis nor this study. Further enquiry should focus on 

the factors that influence how bilinguals use and switch between their languages.  

Partial support for the model is observed in its association between bilinguals’ 

engagement in linguistically demanding environments such as the dual-language context, 
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with cognitive control efficiency (Study One and Study Two). Results from this study 

suggest that higher reported engagement in a linguistically demanding environment is 

associated with efficiency in non-verbal interference control: conflict monitoring 

efficiency (faster RTs) and verbal task engagement and disengagement (smaller switching 

cost). These results contribute to a growing body of evidence suggesting that bilinguals’ 

engagement in linguistically demanding environments, could confer cognitive control 

efficiency (e.g., Hartanto & Yang, 2016; Henrard & van Daele, 2017). However, the 

model proposes that higher engagement in the dual-language context should confer 

domain-general cognitive control efficiency. This is not fully observed based on this 

current study. This could be due to the fluidity of bilinguals’ engagement in the different 

interactional contexts, in multilingual populations. Cognitive control efficiency might not 

be adaptively observed based on current classifications. Alternatively, a certain threshold 

of “intensity” in bilinguals’ engagement in the dual-language context might be required 

for cognitive control efficiency to be observed.  

Support for the Adaptive Control Hypothesis is observed in its assumption which 

associate control language switches with cognitive control. Based on findings from study 

two, higher voluntary production of controlled language switches (inter-sentential 

switching) in an un-cued environment (naturalistic conversation) predicted efficiency in 

non-verbal goal maintenance (smaller mixing cost) and interference control: conflict 

monitoring processes. These findings lend support to the model and previous theoretical 

assumptions (e.g., Cummins, 1976; 1979) which associate controlled types of language 

switches with the engagement of cognitive control processes. Current findings suggest 

that there are different types of language switches. Different types of language switches 

could engage and implicate cognitive control domains and processes distinctively. 
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Current findings associate the voluntary production of high controlled switching (i.e., 

inter-sentential switching) with non-verbal cognitive control processes (goal maintenance 

and conflict monitoring).  

Support for the model is observed in its proposed consideration for bilingual 

competency to be an important aspect of bilingual language and cognitive control. 

Although the model does not discuss bilingual competency extensively, it proposes that 

bilingual competency is likely to influence bilinguals’ language and cognitive control. 

Findings from Study One and Study Three support the model’s proposal. Findings from 

this study associate bilingual competency with efficiency (faster RTs) in verbal 

interference control: conflict monitoring and selective response inhibition (Study One and 

Three). In particular, efficiency is observed with bilinguals who are highly competent 

(and not just balanced) in both their languages. Current findings add to a growing body 

of evidence which associate high bilingual competency with cognitive control efficiency 

(e.g., Singh & Mishra, 2012; Yow & Li, 2015; Xie, 2018). In this study, cognitive control 

efficiency is observed in the verbal domain of cognitive control. Current findings support 

the model which considers bilingual competency as an important aspect of bilingual 

language and cognitive control. Current findings contribute to the model and suggest for 

it to consider high bilingual competency (i.e., highly competent in both languages) within 

it.  

Overall, these observations suggest that the Adaptive Control Hypothesis is 

partially supported. Due to the significance of this model, findings from this thesis are 

important and could suggest for certain aspects of the model to be reviewed and revised. 

Considerations should be made to the ecological validity of the three interactional 

contexts that the model proposes. Due to the fluidity of bilinguals’ engagement in these 
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interactional contexts, distinct categorizations of these interactional contexts might not be 

possible within a multilingual population. These interactional contexts could be presented 

on a continuum instead. Considerations to the model could also include other underlying 

and contextual factors that influence how bilinguals switch between their languages and 

the types of switches that are produced in their immediate language environment. The 

model should also consider the threshold of engaging in a linguistically demanding 

environment, with cognitive control efficiency. The model can also consider the inclusion 

of high bilingual competency as another aspect within it. 

2.3. Bilingual Language Control and Conflict Monitoring Efficiency 

Based on findings across studies one to three (Table 45), it is observed that the 

various aspects of bilingual language control were more consistently associated with 

verbal and non-verbal interference control: conflict monitoring processes. Lesser 

consistency is observed with other cognitive control processes (e.g. goal maintenance, 

interference suppression, selective response inhibition, and task engagement and 

disengagement).  

This observation lends to growing support showing bilingual advantages in 

conflict monitoring processes, both behaviorally and neurally (see Bialystok, 2017 for 

review; Abutalebi et al. 2012; Hilchey and Klein, 2011; Costa et al., 2008; Costa, 

Hernández, Costa-Faidella, & Sebastián-Gallés, 2009; Marton et al., 2017, Rodriguez-

Pujadas et al., 2014; Xie, 2018). The conflict monitoring process is argued to be based on 

the control of attention, and that the essence of cognitive control is in the detection of 

conflict, which is achieved by the anterior cingulate cortex (ACC) (Botvinick, Braver, 

Barch, Carter, and Cohen, 2001). There is evidence that bilinguals show increased 

efficiency and structure of the ACC (Abutalebi et al., 2012). It is suggested that conflict 
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monitoring is particularly related to bilingualism, in which the joint activation of 

bilinguals’ activated languages create constant conflict (Bialystok, 2017). It has been put 

forward that the predominant Inhibitory Control (IC) model (Green, 1998), which focuses 

primarily on inhibitory control as the core cognitive control process associated with 

bilingual language control, might not be as applicable in describing bilinguals’ language-

cognition interaction (e.g., Bialystok, 2017). Findings from this research add to the 

current body of increasing evidence showing an association between bilingualism and 

conflict monitoring processes. They could also lend support to recent proposals which 

suggests that the monitoring of attention, for the purpose of conflict detection, is more 

compatible with bilingual language control (Bialystok, 2017).  

This supports earlier proposals such as the “bilingual executive processing 

advantage” hypothesis (BEPA) (Hilchey & Klein, 2011). According to this hypothesis, 

bilinguals have to constantly keep track of their linguistic environments in order for them 

to communicate successfully, and this process of monitoring and switching between 

languages places physical (i.e., neural) and functional demands on the monitoring 

mechanisms that oversee it. Results from this research could lend further credence to this, 

and suggest that the so-called “bilingual advantage”, might be more consistently 

associated with conflict monitoring efficiency, especially in young adulthood.  

This could also possibly account for some of the inconsistent findings in the field. 

It is observed that in studies with bilingual adults, more consistent evidence for conflict 

monitoring efficiency (e.g., faster RTs) are observed (e.g., Bialystok, 2017; Costa et al., 

2009; Hartanto & Yang, 2016; Xie, 2018). On the other hand, other measures of cognitive 

control processes such as task engagement and disengagement (switching cost) and 

interference control: interference suppression (Stroop effect and conflict effect) have 
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yielded more mixed findings (Bialystok, 2017; Paap & Sawi, 2014). This overall 

observation demonstrates that there are limits to the “bilingual advantage hypothesis”, 

and support more recent views which discuss the limits of bilingual cognitive control 

efficiency, especially in early adulthood (e.g., Bialystok, 2017; Laine and Lehtonen, 

2018).  

3. Theoretical Contributions 

Firstly, this overall research is theoretically meaningful as it shows the dynamic 

interaction that occurs between the external language environment (e.g., engagement in a 

dual-language context), with internal language processes (i.e., language switching and 

competencies), and cognitive control. They bring us a step closer in understanding the 

nature of the relationship between bilingualism and cognition, in linking more precisely, 

the cognitive control processes that are involved in this interaction (e.g., Laine and 

Lehtonen, 2018; Luk and Bialystok 2013; Yamasaki, Stocco, and Prat, 2018). 

Another theoretical contribution of this research is in its systematic examination 

of different aspects of bilingual language control, where their distinct cognitive 

associations are demonstrated. This research challenge widely held views (e.g., bilingual 

advantage hypothesis) which often assume general cognitive efficiency to be associated 

with bilingualism. This research contributes to a growing view of an associative 

relationship between bilingualism and cognition (e.g., Paap and Greenberg, 2015; Paap, 

Johnson, and Sawi, 2015; Sorman, Hansson, & Ljungberg, 2019, Yamasaki, Stocco, & 

Prat, 2018).  

This research also contributes in examining the few existing bilingual language 

control frameworks such as the Adaptive Control Hypothesis (Green & Abutalebi, 2013) 

and the Threshold Hypothesis (Cummins, 1979). The results yielded from this research 
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can provide an initial frame for revisions and considerations to be made to them. This is 

important in building up the field with stronger and more rigorous theory.  

Lastly, this study contributes to the theoretical understanding of the unity and 

diversity of the cognitive control network. By examining cognitive control processes 

through variations of verbal and non-verbal input, this study shows distinction in the 

cognitive processing of both types. This advances the current understanding of the 

cognitive control network, in suggesting that there might be differences in which different 

types of information are managed and processed, which might be of particular importance 

for bilinguals. . 

4. Limitations 

This section highlights four key limitations of this thesis. 

Firstly, only verbal aspects of language were examined in this thesis. Accordingly, 

the extent of current findings can only be limited to verbal bilingual experiences, and the 

influences of other aspects of bilingual language control (e.g., orthographical knowledge) 

cannot be drawn from this study. Further, these language abilities were only measured at 

a single time-point. As such, this might not fully reflect bilinguals’ naturalistic use of their 

languages on a daily basis. This is particularly pertinent in measuring the naturalistic 

production of language switching behaviors. Although this study attempted to examine 

language switching through an ecologically valid approach, the setting of this research 

(i.e., lab setting) might still present contextual limitations especially in how bilinguals 

may use and switch between their languages.  

Related to language measures, another limitation is that this thesis has primarily 

examined bilingual competency through its focus on verbal competency. Language 

ability is comprised of different components (Bachman and Palmer, 1996), and includes 
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other aspects such as phonological awareness and orthographical skills (Cummins, 1979). 

This research focus on verbal communicative competency was done to align with that of 

bilingual competency defined in the Adaptive Control Hypothesis. It is acknowledged 

that this view, which is alluded to in the model towards bilingual competency, may be 

narrow. Findings from this research regarding bilingual competency can only be extended 

to verbal competency. 

Another limitation pertains to how cognitive control was examined. In this study, 

the Stroop task and Global-Local task were used to measure cognitive control, and 

behavioral measures (RTs) were taken as an indicator of task performance. There have 

been questions raised about what specific components of cognitive control these tasks 

and measures actually assess, and what performance in them could mean (e.g., Marton et 

al., 2017). However, these cognitive tasks and its measures were chosen due to its 

relevancy with bilingual language control processes, were referenced to align with the 

Adaptive Control Hypothesis, and adapted based on past studies which have examined 

cognitive performance in general (e.g., Bialystok, 2010; Blumenfeld & Marian, 2014; 

Costa et al., 2009; Hofweber, Marinis, & Treffers-Daller, 2019; Rubin and Meiran, 2005). 

Nonetheless, current findings might be limited in its interpretation beyond these 

behavioral measures of cognitive control performance. 

Lastly, this study is also limited in its profile of participants. Although restricting 

participants across all studies to English-Mandarin young adult bilinguals was done to 

examine within-group variations, and to objectively measure bilinguals’ languages, the 

results of this study may not be fully generalizable to other groups of bilinguals (e.g., 

bilinguals with more similarities or differences in terms of the languages’ types) (see 

Coderre & Van Heuven 2014).  

ATTENTION: The Singapore Copyright Act applies to the use of this document. Library and Information Services Centre, National Institute of Education.



          296                                                                                                   

 

5. Future Research Directions 

A key future direction would be to focus on language switching, through further 

testing and revising of the Adaptive Control Hypothesis. Other future directions can also 

focus on examining bilingual competency further.   

5.1. Future Research for Language Switching Engagements 

5.1.1. Engagement in Dual-Language Environments 

Firstly, future research should identify the contributing factors associated with a 

linguistically demanding environment. It is observed that there is lesser knowledge of 

what these factors are. As such, it would be necessary for future research to identify them. 

Secondly, research can further examine how bilinguals’ engagement in these different 

factors influence cognitive control. It can examine if a certain “intensity” of engagement 

is required, and how this could influence cognitive control. This would inform practical 

applications in fostering the types of environmental input that facilitates higher linguistic 

demand and cognitive control for bilinguals.  

5.1.2. Language Switching Types 

Future research should further examine bilinguals’ naturalistic language 

switching behaviors and their relations with cognitive control. It should examine the 

factors associated with language switching. It is suggested for future research to examine 

the underlying motivations in which bilinguals switch between their languages. Research 

can focus on understanding the contexts and conditions (e.g., why and when bilinguals 

switch) that may influence the type of language switches that bilinguals produce (e.g., 

what type of switch is produced). Future research should expand to test current theoretical 

propositions regarding language switching typologies and cognitive control, to further 
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understand the nature of their engagements with cognitive processes. This would be of 

immense theoretical and practical significance.  

5.1.3. Types of Interactional Contexts 

 Future research should examine the nature of bilinguals’ engagement in their 

interactional and communicative exchanges, especially in multilingual populations. This 

would be important to understand the relationship between bilinguals’ engagement in 

their linguistic ecology and its interaction with cognitive control. This could also update 

the applicability and ecological validity of the interactional contexts proposed within the 

Adaptive Control Hypothesis. 

5.2. Future Research for Bilingual Competency 

Another potential area for future research would be to further examine bilingual 

competency within the Adaptive Control Hypothesis. Its specific role within the model, 

and the interaction between language switching and bilingual competency can be 

investigated. Also, future research can test for Cummins’ (1979) Threshold Hypothesis 

more directly, to identify the level of threshold in bilingual competency that is needed in 

order for cognitive efficiency to emerge. This would be of tremendous practical value, 

especially in educational practices such as bilingual education.  

5.3. Methodological Approaches for Future Research 

 Lastly, it is proposed that future research can adopt different methodological 

approaches to measure bilinguals’ language behaviors and cognitive control efficiency. 

For example, it would be necessary to examine bilinguals’ naturalistic language switching 

behaviors more contextually (e.g., naturalistic observations). This would be important in 

understanding how bilinguals’ natural language behaviors can influence cognitive control 

processes. Future research can also try to examine other measures of cognitive control 
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beyond behavioral tasks and measures (e.g., RTs and accuracy), such as using eye-

tracking and measures of brain-related event potentials (see Incera, 2018 for review). 

Future research can also examine different domains of cognitive control (i.e., verbal and 

non-verbal domain). This can be further examined through the cognitive control processes 

proposed within the Adaptive Control Hypothesis. This will provide us with a more fine-

grained understanding into the exact cognitive control processes that are engaged in 

bilingualism, which will bring us a step closer in understanding the nature of its 

relationship at a process level. 

6. Final Conclusion 

In conclusion, this research sought to examine the “bilingual advantage 

hypothesis”, through the theoretical framework of the Adaptive Control Hypothesis. In 

identifying the two key aspects of bilingual language control – language switching and 

bilingual competency, this study attempted to tease these aspects apart, to examine their 

relative association with cognitive control, and their effects on cognitive development. 

From this research, the heterogeneity of bilingualism is consistently observed through the 

distinct associations between different aspects of bilingual language control and cognitive 

control, and where its distinct cognitive relationships are demonstrated. This research is 

significant in examining the so-called “bilingual advantage hypothesis” and testing of 

current theoretical frameworks and assumptions. Overall, by examining the interaction 

that occurs between bilingual language processing and cognition, and the nature of their 

engagement with one another this study brings us a step closer in understanding of the 

complex and fascinating relationship between language and cognition. 
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Appendix A - Language Background Questionnaire 

Biographical Information 

Nationality:  Age:  

Occupation:  
Years living in 

Singapore: 
 

Highest 

qualification: 

 

(E.g. PSLE, N Levels, O Levels, etc.) 
Gender: 

Male      □  

Female  □ 

NA          □ 

Grade attained from 

highest 

qualification: 

English =  

Chinese =  

(E.g., English = B3, Chinese = A2) 

Age at which you 

were first exposed 

to the language: 

English  

 

Birth            3            5           7          10          13         16          18/19  

Chinese  

 

    Birth            3            5           7          10          13         16           18/19 

(If you cannot remember exactly, make a rough estimation) 

Age at which you 

started to actively 

use the language on 

a regular basis:  

English  

 

    Birth            3            5           7          10          13         16           18/19 

Chinese   

 

    Birth            3            5           7          10          13         16           18/19 

(If you cannot remember exactly, make a rough estimation) 

Indicate the number 

of hours (on 

average) you spend 

in a day with 

friends.  

Please make a rough 

estimation  

 

 

1 hour                                                                                          24 hours 
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Indicate the number 

of hours (on 

average) you spend 

in a day at 

school/work.  

Please make a rough 

estimation  

 

 

1 hour                                                                                            24 hours 

Indicate the number 

of hours (on 

average) you spend 

in a day with family 

members.  

Please make a rough 

estimation  

 

 

1 hour                                                                                             24 hours 

Indicate the number 

of hours (on 

average) you spend 

in a day at home.  

Please make a rough 

estimation  

 

 

1 hour                                                                                            24 hours 
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A. Understanding 

 

Please state the age at which you started to UNDERSTAND each language you know. For 

example, you may have started to hear and understand Chinese at home (age = from birth) 

but you did not start hear and understand English until kindergarten (age = 5 years). If you 

cannot remember exactly, make a rough estimation. 

English 

 

    Birth         3 Years                 5                 7               10               13               16            18/19 

Chinese 

 

    Birth       3 Years                  5                 7               10               13               16            18/19 

Indicate the degree to which you’re able to understand both languages in general.  

 

Understand 1 language (English or Chinese) better             Understand Both Languages Equally well 

Indicate the degree to which you hear both languages on a regular basis.  

 

Hear 1 language (English/Chinese) more                                             Hear both Languages Frequently 
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Please CIRCLE a number according to the rating scale below to indicate the 

proficiency/competency with which you can CURRENTLY UNDERSTAND each language.  

Can 

understand/use 

simple everyday 

expressions 

Can 

understand/ 

communicate 

routine, basic 

information 

Can 

independently 

understand/use 

language to 

carry on 

conversation/ 

task 

Can 

independently 

understand/ 

use language 

with fluency 

and 

spontaneity 

Can proficiently 

and flexibly 

understand/use 

language for social, 

academic, and 

professional 

purposes 

1 2 3 4 5 

 

1. How proficient are you in understanding English? 1     2     3     4     5 

2. How proficient are you in understanding Chinese? 1     2     3     4     5 

3. 
How proficient are you in understanding the language you 

identified previously? (If not applicable, leave blank) 
1     2     3     4     5 

 

Please CIRCLE a number according to rating scale below to indicate how often you HEAR each 

language on a daily basis. Please make a rough estimation. 

Never Rarely 

(Less than an 

hour a day) 

Sometimes 

(A few hours a 

day) 

Often 

(Half a Day) 

Always 

(Full or Almost 

Entire Day) 

1 2 3 4 5 

 

1. How often do you hear English? 1     2     3     4     5 

2. How often do you hear Chinese? 1     2     3     4     5 

3. 
How often do you hear the other language?   

(If not applicable, leave blank) 
1     2     3     4     5 
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B. Speaking 

Please state the age at which you started to SPEAK each language you know. For example, 

you may have started speaking Chinese at home (age = 1 year) but you did not start 

speaking English until kindergarten (age = 5 years). If you cannot remember exactly, make 

a rough estimation. 

English 

 

    1 year            3                   5                 7               10               13               16            18/19 

Chinese 

 

    1 year            3                   5                 7               10               13               16            18/19 

If you speak a language other than English and Chinese, please identify the language:  

________________ (referred to below as OTHER) 

Indicate the degree to which you’re able to speak both languages in general. 

 

Speak 1 language (English OR Chinese) better             Speak Both Languages Equally well                                             

Indicate the degree to which you speak both languages on a regular basis 

 

Speak 1 language (English OR Chinese) more                 Speak both Languages Frequently                                            
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Please CIRCLE a number according to the rating scale below to indicate the 

proficiency/competency with which you can CURRENTLY SPEAK each language.  

Can 

understand/use 

simple everyday 

expressions 

Can 

understand/ 

communicate 

routine, basic 

information 

Can 

independently 

understand/use 

language to 

carry on 

conversation/ 

task 

Can 

independently 

understand/ 

use language 

with fluency 

and 

spontaneity 

Can proficiently 

and flexibly 

understand/use 

language for 

social, academic, 

and professional 

purposes 

1 2 3 4 5 

 

1. How proficient are you in speaking English? 1     2     3     4     5 

2. How proficient are you in speaking Chinese? 1     2     3     4     5 

3. 
How proficient are you in speaking the language you 

identified previously? (If not applicable, leave blank) 
1     2     3     4     5 

 

Please CIRCLE a number according to the rating scale below to indicate how often you SPEAK 

each language on a daily basis. Please make a rough estimation. 

Never Rarely 

(Less than an 

hour a day) 

Sometimes 

(A few hours a 

day) 

Often 

(Half a Day) 

Always 

(Full or Almost 

Entire Day) 

1 2 3 4 5 

 

1. How often do you speak English? 1     2     3     4     5 

2. How often do you speak Chinese? 1     2     3     4     5 

3. 
How often do you speak the language you identified 

previously? (If not applicable, leave blank) 
1     2     3     4     5 
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C. Reading 

Please state the age at which you started to READ each language you know. For example, 

you may have started reading Chinese at home (age = 1 year) but you did not start reading 

English until kindergarten (age = 5 years). If you cannot remember exactly, make a rough 

estimation. 

English 

 

    1 year             3                   5                 7               10               13               16            18/19 

Chinese 

 

    1 year            3                    5                 7               10               13               16            18/19 

If you read a language other than English and Chinese, please identify the language:  

________________ (referred to below as OTHER) 

Indicate the degree to which you’re able to read in both languages in general  

 

Read 1 language (English OR Chinese) better                Read Both Languages Equally Well 

Indicate the degree to which you read both languages on a regular basis 

 

Read 1 language (English OR Chinese) more                    Read Both Languages Frequently 
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Please CIRCLE a number according to the rating scale below to indicate the 

proficiency/competency with which you can CURRENTLY READ each language.  

Can 

understand/use 

simple everyday 

expressions 

Can 

understand/ 

communicate 

routine, basic 

information 

Can 

independently 

understand/use 

language to 

carry on 

conversation/ 

task 

Can 

independently 

understand/ 

use language 

with fluency 

and 

spontaneity 

Can proficiently 

and flexibly 

understand/use 

language for 

social, academic, 

and professional 

purposes 

1 2 3 4 5 

 

1. How proficient are you in reading English? 1     2     3     4     5 

2. How proficient are you in reading Chinese? 1     2     3     4     5 

3. 
How proficient are you in reading the language you identified 

previously? (If not applicable, leave blank) 
1     2     3     4     5 

 

Please CIRCLE a number according to the rating scale below to indicate how often you READ 

each language on a daily basis. Please make a rough estimation. 

 

Never Rarely 

(Less than an 

hour a day) 

Sometimes 

(A few hours a 

day) 

Often 

(Half a Day) 

Always 

(Full or Almost 

Entire Day) 

1 2 3 4 5 

 

1. How often do you read in English? 1     2     3     4     5 

2. How often do you read in Chinese? 1     2     3     4     5 

3. 
How often do you read the language you identified previously? 

(If not applicable, leave blank) 
1     2     3     4     5 
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D. Writing 

 

Please state the age at which you started to WRITE each language you know. For example, 

you may have started writing Chinese at home (age = 1 year) but you did not start writing 

English until kindergarten (age = 5 years). If you cannot remember exactly, make a rough 

estimation. 

English 

 

    1 year               3                   5                 7               10               13               16            18/19 

Chinese 

 

    1 year              3                    5                 7               10               13               16            18/19 

If you write a language other than English and Chinese, please identify the language:  

________________ (referred to below as OTHER) 

Indicate the degree to which you’re able to write both languages in general  

 

Write 1 language (English OR Chinese) better                Write Both Languages Equally Well 

Indicate the degree to which you write both languages on a regular basis 

 

Write 1 language (English OR Chinese) more                  Write Both Languages Frequently 
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Please CIRCLE a number according to the rating scale below to indicate the 

proficiency/competency with which you can CURRENTLY WRITE each language.  

Can 

understand/use 

simple everyday 

expressions 

Can 

understand/ 

communicate 

routine, basic 

information 

Can 

independently 

understand/use 

language to 

carry on 

conversation/ 

task 

Can 

independently 

understand/ 

use language 

with fluency 

and 

spontaneity 

Can proficiently and 

flexibly understand/use 

language for social, 

academic, and 

professional purposes 

1 2 3 4 5 

 

1. How proficient are you in writing English? 1     2     3     4     5 

2. How proficient are you in writing Chinese? 1     2     3     4     5 

3. 
How proficient are you in writing the language you identified 

previously? (If not applicable, leave blank) 
1     2     3     4     5 

 

Please CIRCLE a number according to the rating scale below to indicate how often you WRITE 

each language on a daily basis. Please make a rough estimation. 

Never Rarely 

(Less than an 

hour a day) 

Sometimes 

(A few hours a 

day) 

Often 

(Half a Day) 

Always 

(Full or Almost 

Entire Day) 

1 2 3 4 5 

 

1. How often do you write in English? 1     2     3     4     5 

2. How often do you write in Chinese? 1     2     3     4     5 

3. 
How often do you write the language you identified previously? 

(If not applicable, leave blank) 
1     2     3     4     5 
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E. Frequency of Language Use 

 

Please CIRCLE a number according to the rating scale below to indicate how often you use each 

language IN GENERAL with these various groups of individuals on a daily basis. Please make a 

rough estimation.  

Never Used in 

Interactions / 

Conversations 

Rarely Used in 

Interactions / 

Conversations 

Used Sometimes 

in Interactions / 

Conversations 

Used Often in 

Many 

Interactions / 

Conversations 

Used 

Throughout 

Entire 

Interactions / 

Conversations 

1 2 3 4 5 

Friends 

1. 

Indicate the degree of language use when interacting with friends. 

 

Use 1 Language (English OR Chinese) more                 Use Both Languages Frequently                                             

2. How often do you use English with friends? 1     2     3     4     5 

3. How often do you use Chinese with friends? 1     2     3     4     5 

4. 

If you use a language other than English and Chinese, please 

identify the language: __________ 

How often do you use this language with friends? 

(If not applicable, leave blank) 

1     2     3     4     5 

Schoolmates 

5. 

Indicate the degree of language use when interacting with schoolmates. 

 

Use 1 Language (English OR Chinese) more                Use Both Languages Frequently                                             

6. How often do you use English with schoolmates? 1     2     3     4     5 

7. How often do you use Chinese with schoolmates? 1     2     3     4     5 

8. 

If you use a language other than English and Chinese, please 

identify the language: __________ 

How often do you use this language with schoolmates? 

(If not applicable, leave blank) 

1     2     3     4     5 
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Family  

 

Indicate the degree of language use when interacting with family members. 

 

Use 1 Language (English OR Chinese) more                     Use Both Languages Equally 

9. How often do you use English with family? 1     2     3     4     5 

10. How often do you use Chinese with family? 1     2     3     4     5 

11. 

If you use a language other than English and Chinese, please 

identify the language: __________ 

How often do you use this language with family? 

(If not applicable, leave blank) 

1     2     3     4     5 

 

Colleagues (Answer this section only if this context is applicable to you).  

12. 

Indicate the degree of language use when interacting with colleagues. 

 

Use 1 Language (English OR Chinese) more                     Use Both Languages Equally 

13. How often do you use English with colleagues? 1     2     3     4     5 

14. How often do you use Chinese with colleagues? 1     2     3     4     5 

15. 

If you use a language other than English and Chinese, please 

identify the language: __________ 

How often do you use this language with colleagues? 

(If not applicable, leave blank) 

1     2     3     4     5 
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Using the rating scale, CIRCLE a number to indicate how often you use each language IN 

GENERAL across the different MEDIA PLATFORMS (e.g. TV, newspaper, music, social media, 

webpages) on a daily basis. Use in this context can refer to listening, watching, reading, and 

writing. 

Never Rarely Sometimes Often Always 

1 2 3 4 5 

 

16. 

Indicate the degree of language use across different media platforms (e.g., TV shows, 

newspaper, music, social media, webpages etc). 

 

Use 1 Language (English OR Chinese) more                                 Use Both Languages 

Equally 

17. 
How often do you use English across the different media 

platforms? 
1     2     3     4     5 

18. 
How often do you use Chinese across the different media 

platforms? 
1     2     3     4     5 

19. 

If you use a language other than English and Chinese, please 

identify the language: __________ 

How often do you use this language with dealing with media? 

(If not applicable, leave blank) 

1     2     3     4     5 
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F. Language Switching  

Language switching, the use of two languages in general speech between sentences, is a characteristic 

of some bilingual environmental contexts. For example, language switching refers to a situation whereby 

you speak to Person A in English, and speak to Person B in Chinese subsequently. 

Please try to answer to what degree the following questions are representative of the manner you use to 

talk or speak in the language you know (e.g., English-Chinese). Many of these questions ask you to 

report your tendency to switch languages during a conversation. 

If you have doubts about how to rate yourself in the following questions, please try to compare your 

manner of speaking and talking with that of most people, or those whom you know very well.  

Please CIRCLE a number according to the rating scale below to indicate how often you engage in each 

of the respective statements. 

Never Rarely Sometimes Often Always 

1 2 3 4 5 

 

1. 
I do not remember or cannot recall some English words when I am 

speaking in this language. 
1     2     3     4     5 

2. 
Without intending to, I sometimes produce the Chinese words faster 

when I am speaking in English. 
1     2     3     4     5 

3. 
I do not remember or cannot recall some Chinese words when I am 

speaking in this language 
1     2     3     4     5 

4. 
Without intending to, I sometimes produce the English words faster 

than when I am speaking in Chinese.  
1     2     3     4     5 

5. 

I tend to speak only one language in one environment and another 

language in another environment (for example, using Chinese at home 

but English at school). 

1     2     3     4     5 

6. 

I tend to speak both languages in the same environment (for example, 

using English AND Chinese at home OR using English AND Chinese 

at school). 

1     2     3     4     5 

7. 
I tend to switch languages during a conversation (e.g. switching from 

English to Chinese or vice versa). 
1     2     3     4     5 

8. 
When conversing with friends, I tend to switch between speaking 

English and Chinese. 
1     2     3     4     5 

9. 
In the school environment, I tend to switch between speaking English 

and Chinese.  
1     2     3     4     5 

10. 
When conversing with family members, I tend to switch between 

English and Chinese. 
1     2     3     4     5 
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11.  
In the home environment, I tend to switch between speaking English 

and Chinese. 
1     2     3     4     5 

12. 

I switch languages between sentences when conversing with others 

(for example, I speak in English in one sentence and switch to 

Chinese in the next). 
1     2     3     4     5 

13. 
I include Chinese words or phrases into English conversations I have 

with others frequently (e.g. Let's go 吃饭). 
1     2     3     4     5 

14. 
I include English words or phrases into the Chinese conversations I 

have with others frequently (e.g. 一起去吃 lunch). 
1     2     3     4     5 

15. 
I am fully aware whenever I switch between languages during a 

conversation (e.g. from English to Chinese, and vice versa). 
1     2     3     4     5 

16. 

I tend to switch between using English and Chinese when speaking 

about certain topics or issues. 1     2     3     4     5 

17. 
When I cannot recall a word in one language, I tend to produce it 

immediately in another language. 
1     2     3     4     5 

This is the end of the questionnaire. Thank you for your participation. 
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Appendix C – Samples of Training Materials for Research Assistants 

 
Materials and Procedures for Language Switching Study 

 
Tasks  
Language Measures  

1.) Language Background Questionnaire (Questionpro) 
https://bilingualism.questionpro.com   

2.) English & Mandarin Expressive: Verbal Fluency Task (Semantic)  
a. Animals (both languages will be tested) 
b. Kitchen (both languages will be tested) 

3.) Word Switching: Vegetables  
4.) Story Narration  
5.) Cognitive Measures  

a. Stroop Task  
b. Global-Local Task  

 
General Procedure  
 
Procedure A:  
Language 1 Verbal Fluency  Language 2 Verbal Fluency Word Switching  Story 
Narration  Cognitive Tasks (Stroop and GL)  Language Background Questionnaire 
 
Procedure B: 
Cognitive tasks (Stroop and GL)   Language 1 Verbal Fluency  Language 2 Verbal 
Fluency  Word Switching  Story Narration Language Background Questionnaire 
 
Things to do PRIOR to study session 

1.) Ensure that participants are assigned to correct study. Verify this information 
with RP coordinator (Wan Ling).  

 
2.) Participant criteria: Singaporean/ PR English-Mandarin Bilingual  

 
3.) Participants from this study will be given the code: LS (e.g., LS01, LS02 etc.) 

 
4.) Things to counterbalance:  

 
a. The order of tasks. Some start with language switching tasks followed 

by cognitive or vice versa. 
b. The order of language to be tested. Some start with English tasks 

followed by Mandarin or vice versa.  
c. The order of category for each language. Some start with animals 

followed by kitchen or vice versa. 
d. The order of cognitive tasks. Some start with Stroop followed by Global-

Local or vice versa 
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e. The order within each cognitive tasks. E.g., Some start with Stroop 2 
followed by Stroop 1; Global-Local 1 followed by Global-local 2 or vice 
versa. 

5.) Fill up Excel Sheet to indicate the order for each participant 
6.) Request for iPads and Laptops that have app and superlab uploaded on it 
7.) Ensure that stickers for letter names on laptop are there 
8.) Ensure that story narration task is uploaded and running  
9.) Ensure that recording devices are working 

 
Things to do DURING study session 
 
General Tasks Information 
  

- Give briefing on study and issue informed consent form to participants  
 

- Tasks will be administered based on assigned order (Procedure A or B). 
 

o Verbal Fluency Task: 4 - 5 mins 
 For verbal fluency, present based on assigned order (e.g., start 

with kitchen followed by animals for English and Mandarin) 
 

o Word Switching Task: 1 min 
 Vegetables category only 
 Participants must constantly alternate between both English and 

Mandarin  
 

o Story Narration task: 10 – 15 mins 
 

o Cognitive tasks: 20 mins 
 Cognitive task (Stroop or Global-Local), and within each task (1 

or 2), will be presented based on assigned order 
 

o Language Background Questionnaire: 10 mins 
 Language Background Questionnaire (Questionpro) 

https://bilingualism.questionpro.com  
 
Things to do AFTER session 

- Upload all files into thumbdrive at the end of each day 
- Save all files into respective tasks folders  
- All files should be saved under participant code (e.g., LS01) 
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Procedures for Each Task 
 

- Verbal Fluency   
o Categories: Animals and Kitchen 
o Refer to instructions for both English and Mandarin 
o Each category must be done for English and Mandarin 
o 1 minute each (4 mins total) 
o Timer and Audio Recorder (Phone)  

 Save all files based on participant code number, category and 
language (e.g., P01AnimalsEng) 

- Word Switching 
o Vegetables 
o 1 minute 
o Participant must alternate between English and Mandarin 
o Timer and Audio Recorder (Phone)  

 Save all files based on participant code number 
 

- Story narration  
o Fairy tale recall 
o Task will play on its own initially, and participants will hear a narration 

to it at the start. They will need to recount the rest of the story.  
o Ensure that participants speak clearly in their narration. 
o Follow up questions should be done in Mandarin, and in a naturalistic 

and conversational way 
 

- Cognitive tasks  
o Stroop task and Global-Local task  
o Load tasks on laptop prior to study session based on participant’s 

assigned order  
o Just press PLAY button (DO NOT touch anything else in the task)  
o Instructions on how to save file:  

 Save all files based on participant code number on desktop 
folder (Stroop and Global-Local Task) 
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This is the Verbal Fluency Task. For this task, do note that your responses will 

be audio recorded.  

Verbal Fluency Task (Proficiency & Language Switching Study) 

** Note to researcher: English and Mandarin will need to be tested for each of the two 

categories (Animals and Kitchen)  

For each participant, randomly assign order of category to be presented for each 

language (start with either animals or kitchen for both languages). 

English 

For this task, you will be given one minute to list out as many words as you can 

in ENGLISH from a category. You would need to do this for 2 different 

categories. 

You are not allowed to say any word with the same base word, (e.g. proficient 

and proficiency) or repeat words.  

The first category will be: Animals OR Kitchen. Your time starts now.  

The second category will be: Animals OR Kitchen. Your time starts now.  

Mandarin  

For this task, you will be given one minute to list out as many words in 

CHINESE as you can from a category. You would need to do this for 2 different 

categories.  

You are not allowed to repeat words.  

The first category will be 动物 (Dòngwù) or 厨房 (chúfáng). Your time starts 

now. 

The second category will be 动物 (Dòngwù) or 厨房 (chúfáng). Your time 

starts now. 
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Materials and Procedures for Bilingual Language Proficiency Study 
 
Tasks  
Language Measures  

6.) Language Background Questionnaire (Questionpro) 
https://bilingualism.questionpro.com  

7.) English Receptive: Peabody Picture Vocabulary Test (PPVT) 
8.) Mandarin Receptive: BLAB  
9.) English & Mandarin Expressive: Verbal Fluency Task (Semantic)  

a. Animals (both languages will be tested) 
b. Kitchen (both languages will be tested) 

10.) Cognitive Measures  
a. Stroop Task  
b. Global-Local Task  

 
General Procedure  
 
Language 1 tasks (receptive followed by expressive)  Cognitive tasks (Stroop and GL) 
 Language 2 tasks  Language Background Questionnaire 
 
Things to do PRIOR to study session 

10.) Ensure that participants are assigned to correct study. Verify this 
information with RP coordinator (Wan Ling).  

 
11.) Participant criteria:  High proficiency in English and Mandarin OR Lower 

proficiency in English and Mandarin 
 

12.) Participants from this study will be given the code: P (e.g., P01, P02 etc.) 
 

13.) Counterbalance the order of language to be tested (English and 
Mandarin) 

a. Some start with English tasks followed by Mandarin tasks. This is to 
minimize language switching (Sheng, Lu, & Gollan, 2014)  

b. All language tasks within one language will be administered in 
succession in one language (followed by cognitive tasks), ending with 
language test in the other language  

 
14.) Verbal Fluency Task:  

a. For each participant, randomly assign order of category to be presented 
for each language (start with either animals or kitchen for both 
languages) 

 
15.) Cognitive Task:  

a. Counterbalance the presentation order of cognitive tasks (i.e., some will 
start with stroop and some start with global-local) 
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b. Counterbalance the presentation order within each cognitive task (e.g., 
Some will start with Stroop 2 followed by Stroop 1. Same for global-
local) 

 
- Fill up Excel Sheet to indicate the order for each participant 
- Request for iPads and Laptops that have app and superlab uploaded on it 
- Ensure that stickers for letter names on laptop are there 

 
Things to do DURING study session 
 
General Instructions  

- Give briefing on study and issue informed consent form to participants  
 

- Based on the assigned order, start with English OR Chinese  
o Language tasks: 30-35 mins 

 Always start with receptive tasks (PPVT, BLAB), followed by 
expressive tasks (verbal fluency)  

 PPVT: 10-15 mins 

 BLAB: 15 -20 mins  

 For verbal fluency, present based on assigned order (e.g., 
start with kitchen followed by animals) 

 Verbal fluency: ~5 mins (1 min per word)  
 

o Cognitive tasks: 25 mins 
 Stroop: 10 mins 
 Global-Local: 15 mins 

 
o Language Background Questionnaire: 10 mins 

 Language Background Questionnaire (Questionpro) 
https://bilingualism.questionpro.com  

 
Instructions for each task  
 

- Receptive: English PPVT  
o Scoring sheet  
o Indicate participant code 
o Start testing at 18 years of age  

 
- Receptive: Chinese BLAB  

o Load slideshow on laptop 
o Indicate participant code 
o Start on Trial 30 (Part 2) 
o Scoring sheet for BLAB  

 
- Expressive: Semantic Verbal Fluency   
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o Categories: Animals and Kitchen  
o Instructions for both English and Mandarin  
o Timer and Audio Recorder (Phone)  

 Save all files based on participant code number, category and 
language (e.g., P01AnimalsEng) 

- Cognitive tasks  
o Stroop task and Global-Local task  
o Load tasks on laptop prior to study session based on participant’s 

assigned order  
o Just press PLAY button (DO NOT touch anything else in the task)  
o Instructions on how to save file:  

 Save all files based on participant code number on desktop 
folder (Stroop and Global-Local Task) 

 
Things to do AFTER session 

- Upload all files into thumbdrive at the end of each day 
- Save all files into respective tasks folders  

All files should be saved under participant code (e.g., P01) 
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