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Abstract 

 

The possibility of bilingual advantages in executive functioning has been a matter of 

debate for some time. One side of the argument claims that certain bilingual experiences lead 

to practice and therefore improvement in executive control. Others draw attention to a 

possible publication bias, a recent series of null results and the large-scale variance within 

bilingual populations.  

The current work sought to further examine the bilingual advantage and the 

circumstances under which it may become apparent. Bilingual and monolingual performance 

on a series of inhibitory control and set shifting tasks, including a novel response switching 

task, were compared across four studies. Emphasis has been placed on the importance of 

bilingual background variables, such as 2nd language ability and age of acquisition, and these 

were included alongside multiple measures of daily language switching habits and linguistic 

distance.  

Results were largely null, with some monolingual advantages becoming apparent in 

stop signal and colour shape tasks. There was no conclusive evidence for advantages related 

to frequent switching or linguistic distance. The use of a 2nd language within a dual language 

context, as described by the Adaptive Control Hypothesis, did not have a significant effect on 

bilingual performance compared to monolinguals. 

The results of these studies are then discussed within the context of a changing 

research landscape, where it is becoming apparent that bilingualism does not consist of a 

single, straightforward variable. Researchers are beginning to treat bilingualism with more 

nuance than early studies and the field is becoming more accepting of null results, allowing 

for a bigger picture to emerge.  
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Chapter 1 

Introduction 

 

Executive functioning (EF) is the term applied to a set of "higher level" cognitive 

functions involved in reasoning and goal-directed behaviour (Alverez & Emory, 2006; Welsh 

et al., 1991; Zelazo & Müller, 2002). They are particularly important in novel or 

unpredictable situations (Goldstein et al., 2014), where learned or stereotyped responses may 

be inappropriate and allow us to adapt our behaviour to complete goals in a changing 

environment (Jurado & Rosselli, 2007). For example, in a classic Stroop task, a participant is 

presented with a colour word in either a congruent or incongruent font colour, for example 

RED printed in blue text. They may be asked to follow their natural inclination to read the 

word, or to alter their response and instead state the colour of the font. Executive function 

comes into play when the learned behaviour (reading) needs to be inhibited. The term 

“executive function” stems from work in the 1970s which linked these skills to the prefrontal 

lobes of the brain, known as the “executive brain” (Pribram, 1973, cited in Goldstein et al., 

2014). Since then, these two separate concepts have often been conflated, although the 

neuropsychological term does not always overlap with the neuroanatomical structures 

(Barkley, 2012).  

While there is evidence to suggest that executive functioning could be a unitary 

construct, it is often found that EF measures do not fully correlate with one another (Miyake 

et al., 2000). To reach a better understanding of the separability and relatedness of individual 

executive functions, Miyake and Friedman (2012) focused on three aspects: shifting of 

mental sets (shifting), the monitoring and updating of working memory representations 

(updating) and inhibition of prepotent responses (inhibition). These components in particular 

were selected because they are commonly cited in the literature, are involved in numerous 

popular measures of EF and they are more easily operationalised than “higher level” 

functions such as “planning”. The authors constructed several models and examined the fit of 

each to the data from an individual differences study. A three-factor model, allowing for free 

variations in the correlations between subcomponents, provided the best fit to the data, 

demonstrating that updating, switching and inhibition are not all part of a single process 

although they are related.  

Miyake and Friedman (2012) then established a framework to further examine the 

cognitive basis of each of their subcomponents of EF. Within this framework, updating, 

shifting and inhibition abilities are formed from a common EF factor (unity), with additional, 
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separable updating-specific and shifting-specific components (diversity). Common EF, 

necessary for all three of the separate sets of abilities, was defined as the ability to maintain 

task goals and use that information to direct “lower-level” processing. This model is now 

considered to be one of the most prominent in modern research (Wiebe & Karbach, 2018). 

The current work is focused on the possibility of an executive functioning advantage 

for bilinguals. The debate over the connection between bilingualism and more general 

cognitive functioning has been a long-running one and, historically, less favourable towards 

those who speak multiple languages. Laurie (1890), for example, argued that bilingualism 

would severely stunt a child’s intellectual and spiritual growth. This does not seem to ring as 

true in a modern world where language-learning applications such as Duolingo can create a 

base of over 300 million users worldwide (Lardinois, 2018) and media coverage of 

bilingualism tends toward sensationalising and exaggerating the potential advantages 

(Morton, 2014). Nowadays, speaking a second language is often seen as not only desirable, 

but necessary for a large percentage of the population.  

Peal and Lambert (1962) were among the first to question the notion of purely 

negative cognitive effects associated with bilingualism. They controlled for factors such as 

socioeconomic background and “quality of schooling”, which had not been considered as 

carefully by earlier work (Baum & Titone, 2014). Their study, contrary to expectations, 

found a bilingual advantage on a range of intelligence tests with their Canadian sample of 

French-English bilinguals. They attributed this advantage to several factors which had been 

previously overlooked, for example an improved understanding of concepts and the “mental 

flexibility” that bilingualism can encourage. In contrast to the dominant literature at the time, 

they suggested that their bilingual sample’s more clear identification with English-language 

culture had benefitted them in terms of language development; monolinguals who were more 

steadfastly attached to their French-Canadian culture, or who did not strongly identify with 

either of the two cultures, struggled more with learning English.  

Over time, this led to other findings showing advantages across cognitive abilities 

beyond “mental flexibility” and considering domain-general effects of bilingualism. For 

instance, improved bilingual performance was shown in tasks related to creativity and 

divergent thinking (Ricciardelli, 1992). Bialystok (1988) focused on the established influence 

of bilingualism on metalinguistic awareness, which is an understanding of the way in which 

languages are structured. In this paper, Bialystok reached the conclusion that this advantage 

was not due to a wider knowledge of language but rather an ability to selectively attend to 
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competing cues. From there, further research began to explore the link between bilingualism 

and executive functions. 

Fluent bilinguals make very few errors when speaking or using each language, such as 

accidentally switching between languages, despite this being an extremely cognitively 

demanding task. This becomes particularly challenging, for example, when the less dominant 

language becomes the target (Kroll, 2009).  Because both languages tend to be active to some 

degree while speaking or using only one (Coderre et al., 2016, Kroll & Bialystok, 2013), 

bilinguals need to be able to focus their attention on the appropriate language at any given 

time. Due to this “tuning out” of the non-target language even in completely monolingual 

contexts, the use of executive control systems comes into play, involving functions such as 

set shifting, conflict resolution and inhibitory control.  As bilinguals have needed to place 

more emphasis on this type of control than monolinguals through their use of multiple 

languages, it may be the case that they have adapted different processing systems, which 

could be represented by a reorganization of brain networks. It has been known for some time 

that experience in a certain task can alter related brain networks as an individual improves 

(Hilchey & Klein, 2011). Mechelli et al. (2004) demonstrated that this is also the case when 

an individual learns a second language. In other words, sustained bilingual practice across the 

lifespan can lead to neuroplastic change in individuals’ brains (Baum & Titone, 2014).  

 

 

1.1. Neuroimaging Evidence 

 

Evidence supporting this neuroplastic change began when Mechelli et al. (2004) 

notably found differences in grey matter density between bilinguals and monolinguals. Since 

then, further research has noted an overlap in brain areas related to both language and 

executive control, such as the lateral and medial prefrontal cortex (De Baene et al., 2015).  

Alongside behavioural data showing task switching costs (which are explained in 

more detail later in this chapter) for monolinguals but not for bilinguals, Garbin et al. (2010) 

found different activation patterns related to switch costs for both groups. Monolinguals 

appeared to recruit the right inferior frontal gyrus (IFG), anterior cingulate cortex (ACC) and 

left inferior parietal lobe, areas traditionally considered to be involved in monitoring and 

inhibition, during switch trials. The bilinguals, however, instead showed activity in the left 

IFG only, an area that has previously been connected to language control (Abutalebi & 
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Green, 2007; Green & Abutalebi, 2013). These results indicate that there is some 

involvement of language control mechanisms in non-linguistic tasks involving switching. 

In a study by Abutalebi et al. (2012), comparisons between linguistic and non-

linguistic control processes were made, finding that the dorsal ACC was active during both 

language switching and monitoring during a flanker task for their bilingual participants. 

However, these tasks were potentially measuring different skills entirely, with a language 

switching task centred around shifting and a flanker task more focused on inhibition. De 

Baene et al. (2015) took the work a step further and compared two closely matched linguistic 

and non-linguistic tasks with Spanish/ Basque bilingual adults. They found common 

activation within a frontoparietal network, with shared involvement of the lateral and medial 

PFC, and inferior and superior parietal lobule.  

However, neuroimaging research has yet to be standardised. Garcia-Penton et al. 

(2016) claim that the research methods in this field are inconsistent, with different techniques 

for analysis (i.e. Voxel-based morphometry vs region of interest) that can have an impact on 

the results found. Bialystok (2016), however, argues that with more research, a “fuller 

picture” will emerge and with the small number of studies reviewed by Garcia-Penton et al., 

it is surprising that any consistent results were found at all.  Green and Abutalebi (2016) use 

the example of research surrounding the left caudate, which is often associated with language 

control and processing.  Evidence for activity in this area has been provided by PET, fMRI 

and lesion data, using different approaches towards analysis and with bilinguals who had 

different types of experience (Green & Abutalebi, 2016). Therefore, these inconsistencies 

within the literature are perhaps not damning of the research area as a whole, but would 

rather be the result of new approaches and investigations becoming more refined over time 

(Green & Abutalebi, 2016; Kroll & Chiarello, 2016).  

Results may be inconsistent and variable, but so is bilingualism itself (Bialystok, 

2016). It is naturally varied, covering a multitude of different experiences and backgrounds, 

and there are no objective, fully comprehensive measures of the “level” of one’s bilingualism 

to properly match or compare individuals (Garcia-Penton et al., 2016). Yet, the majority of 

research papers indicate some differences in either brain networks or structure, usually in 

similar locations, despite this huge variation in the bilingual populations (Bialystok, 2016). 

These differences in background are discussed later in this chapter but, as an example, Green 

and Abutalebi (2016) point out that a bilingual’s pattern of language use would likely have an 

impact on any neuroplastic change, as networks would adapt according to experience.  
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Differences in neuroanatomy between groups do not imply a cognitive advantage, nor 

do behavioural advantages imply structural change (Garcia-Penton et al., 2016; Kroll & 

Chiarello, 2016). Structural differences in brain matter can come about for different reasons 

and by different processes, making the task of assigning structural differences to functions 

even more of a challenge (Kroll & Chiarello, 2016).  De Bruin and Della Sala (2016), on the 

other hand, point out that merely identifying structural differences between monolingual and 

bilingual brains is of interest by itself, although having these differences provide evidence for 

cognitive theories surrounding bilingualism is the ultimate goal.  

For example, DeLuca et al. (2020) found that, despite a lack of behavioural 

differences between monolinguals and bilinguals on a flanker task, there were differences in 

neural activity between bilinguals with varied language experiences (e.g., patterns of daily 

language use). This lends support to the Adaptive Control Hypothesis, discussed later in this 

chapter, which posits that only specific bilingual circumstances lend themselves to a general 

cognitive advantage. Recent work has begun to examine neural differences between 

monolinguals and bilinguals at different points across the lifespan (Dash et al., 2021; Thieba 

et al., 2019) as well as bilinguals with different language history (Gallo et al., 2021) to help in 

understanding how and when advantages may present.  

 

 

1.2. Bilingual advantages in behavioural data 

 

In addition to these neuroimaging data, advantages for bilinguals have been found in 

behavioural studies.  A systematic review (Adesope et al., 2010) found a “moderate positive 

overall effect of bilingualism” (p.228) in executive control, despite some variation in results 

across studies.  In a composite of tasks used in their study, Carlson and Meltzoff (2008) 

found a relative advantage for bilinguals, particularly in tasks involving conflict resolution. 

Outside of large reviews, there are specific functions (such as those detailed below) that have 

been of particular interest in the literature. The current work is focused on inhibitory control 

and task switching.  

 

1.2.1. Working Memory 

Bilinguals may need to have a higher level of control over their working memory 

(WM), or the “ability to manipulate contents of short term memory” (Carlson & Meltzoff, 

2008, p.2), in order to maintain their use of two languages, which may in turn lead to an 
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overall strengthening of this skill set (Bialystok et al., 2008). There are papers arguing for 

bilingual advantages across several working memory studies, particularly when cognitive 

demands are high (Carlson & Meltzoff, 2008; Morales et al., 2013). The research appears to 

trend towards a correlation between working memory and bilingualism (Adesope et al., 2010; 

Grundy & Timmer, 2017) and an extensive meta-analysis showed a significant positive 

relationship between working memory and L2 proficiency (Linck et al., 2014). Bialystok et 

al. (2004) used a working memory manipulation in their version of a Simon task, finding that 

bilinguals were more efficient than monolinguals when the working memory load was higher. 

This held particularly true for their older adult sample, suggesting some resistance to decline 

in these skills in bilinguals. This study, however, had a low sample size with only 10 

bilinguals in each age group. Other results surrounding bilingualism and working memory are 

mixed (Bialystok & Feng, 2009), with studies suggesting that different task modalities and 

working memory loads could contribute to performance. While bilinguals may use their 

working memory to facilitate their language use, it has not been established whether this 

directly leads to a general advantage in working memory when compared to monolinguals 

(Shulley & Shake, 2016). 

A number of childhood samples have not shown a difference in working memory 

performance (Bialystok & Feng, 2009; Engel de Abreu, 2011; McVeigh, Wylie & Mulhern, 

2019). Despite this, Morales et al. (2013) found an advantage in working memory for 

bilingual children, as they were able to maintain the speed of their responses despite a change 

in working memory load and the involvement of other EF components. Faster RTs overall, 

they argue, could indicate that the bilingual sample were simply more efficient at processing 

stimuli and therefore managing the contents of working memory. The difference between this 

study and its predecessors may be the tasks used. Previous studies used tasks involving verbal 

processing, which is notably more difficult for bilingual children. In Bialystok and Feng 

(2009), bilingual children were still able to perform at an equal standard to their monolingual 

peers in a WM task involving word lists, despite lower vocabulary scores, which may 

actually be a testament to improved processing.  

The relationship between working memory and bilingualism is still unclear, due to 

mixed results and the difficulty of separating WM from other executive functions (Costa, et 

al., 2008; Trevisol & Tomitch, 2017). Tasks intended to measure other functions can require 

some use of working memory, such as maintaining task rules, and participant performance on 

these measures has been shown to relate to WM demands in some cases (Costa et al., 2008; 

Jiao et al., 2019). Relatively few studies in this area have specifically addressed working 
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memory (Antón et al., 2019; Barac et al., 2014) and so the factors that may be involved in a 

bilingual advantage are still not understood. For example, Antón et al. (2019) found a 

bilingual advantage when task demands were highest, requiring active manipulation rather 

than purely encoding and retrieval. There have also been mixed results surrounding the 

impact of extraneous factors, such as participant age (Grundy & Timmer, 2017), 

socioeconomic status (Antón et al., 2019) and language history (Lukasik et al., 2018).  

 

1.2.2. Inhibitory Control 

The current work is largely focused on two aspects of executive functioning, detailed 

in the following two sections, the first of which is inhibitory control. Given the theory that 

bilingual advantages develop from selectively attending to the relevant language (Bialystok et 

al., 2004; Kroll & Bialystok, 2013), it follows that any cognitive advantages would be in the 

realm of directing attention to appropriate stimuli. Many studies have reported more effective 

attentional control and inhibitory control in bilinguals when compared to monolinguals (e.g. 

Bialystok et al., 2008) and that bilinguals tend to excel in tasks related to conflict resolution, 

monitoring and set shifting (e.g. Costa et al., 2008; Rodriguez-Pujadas et al., 2013).  

Inhibitory control tasks involve having two task representations active 

simultaneously. Participants must attend to the correct one and select the appropriate 

response in any given trial.  Bilinguals have outperformed monolinguals in inhibitory control 

across a range of these tasks, including an ambiguous figures task (Bialystok & Shapero, 

2005) and antisaccade measure (Bialystok et al., 2006). Three of the most common tasks used 

in bilingualism research, however, are the Simon, flanker and attentional network tasks.  

The Simon task typically asks participants to respond to the colour of a shape 

presented in different locations on a screen. For example, they would be asked to press a 

response key on the left if a blue square was onscreen and a key on the right if the square was 

red. The square could be displayed on the side of the screen that matched the correct response 

(congruent) or on the opposite side (incongruent). Participants would then have to ignore the 

irrelevant information (location on the screen) and instead attend to the colour of the square. 

Bilingual advantages have been shown in this task across several studies (Bialystok et al., 

2005; Salvatierra & Rosselli, 2011; Schroeder & Marian, 2012; Woumans et al., 2015a) with 

Bialystok et al. (2004) finding that older bilinguals in particular had a larger advantage over 

their monolingual peers.       

The flanker task displays a set of arrows in a row, pointing either to the left or to the 

right. Participants must indicate the direction of the arrow in the centre, which may be the 
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same as the surrounding arrows (congruent) or facing the opposite direction from the others 

(incongruent). Again, there appears to be evidence that bilingual advantages are strongest 

when cognitive demand is highest on this task, i.e. when the number of congruent and 

incongruent trials are balanced, requiring more attention to be paid to the changing task 

requirements (Costa et al., 2009). Differences between groups with different bilingual 

experiences have also been observed (Luk et al., 2011).  

The attentional network task, or ANT, is a combination of a cued reaction time task 

alongside the traditional flanker. While the task, to correctly identify whether an arrow is 

pointing to the left or right, is the same across the two tasks, the ANT adds a target cue which 

engages various parts of the “attentional network” and tends to speed up response times. 

These cues can also identify the spatial location of the target, increasing response speed 

further. As the distractors and targets are of the same type and the response required is purely 

the direction of an arrow, this task arguably relies less on working memory than, for example, 

the Simon task. Still, Costa et al. (2008) found that bilinguals on the ANT were better than 

monolinguals across several scores. In addition to using a “purer” test of inhibition, the 

authors also used a large sample size and limited the effects of other factors (SES, 

immigration status) by recruiting from one natively bilingual population (Barcelona) and one 

monolingual population (Tenerife). Ware et al. (2020) found an overall advantage on the 

ANT but not the flanker task, suggesting that the additional requirements for attention in the 

ANT could be a factor in the advantage.  

Findings in this research area have been inconsistent. For example, Dunabeitia et al., 

(2014), discussed in more detail in Chapter 2, present strong evidence against an advantage in 

inhibitory control for bilinguals in a childhood sample and a number of others have also 

provided mixed or null findings (Hilchey & Klein, 2011; Paap & Greenburg, 2013). A meta-

analysis by Donnelly et al. (2019) found weak evidence for a bilingual advantage in 

interference control, which varied when controls for publication bias and age of L2 

acquisition were taken into consideration. Some studies have demonstrated a similar 

advantage for bilinguals on both congruent and incongruent trials (Hilchey & Klein, 2011), 

suggesting that the advantage may lie in a wider ability to monitor conflict, rather than being 

limited to the inhibitory control demands presented by incongruent trials specifically (Costa 

et al., 2009). 

The current work, specifically the pilot study detailed in Chapter 4, focused on 

limiting the possibility of ceiling effects in a set of less common and more challenging 
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inhibitory control tasks. Inhibitory control was also compared in this case to language 

inhibition. 

 

1.2.3. Task Switching 

The second function of interest in the current work is the ability to switch between 

task sets. This is called “shifting” by Miyake et al. (2000), referred to in the current work as 

“task switching”, and is an area that has not received a great deal of attention (Paap et al., 

2017, Prior & MacWhinney, 2010). In a task switching paradigm, participants must adjust 

their responses to stimuli according to a cue, for example selecting either the colour or shape 

of a presented image. The seminal paper by Prior & MacWhinney (2010) argued that this is 

similar to the situation a bilingual is placed in when naming an object. They have a cue (the 

language environment, conversation partner, language of question, etc.) and must respond 

appropriately from one of two (or more) options.  

A task switching paradigm produces local switching costs, i.e. how delayed a 

response is after a cue switch, alongside general mixing (or monitoring) costs, which is a 

comparison in overall reaction times between “single task” blocks and blocks in which the 

participants must switch tasks. Meuter (2005, cited in Prior & MacWhinney, 2010) noted that 

in a language switching task, reaction times slow after a language shift when compared to no 

language change, meaning that there is some degree of switch cost when adapting to a new 

language set, similarly to the task switching literature.  

Prior and MacWhinney (2010) found lower switch costs for bilinguals in their 

colour/shape task (described in detail in Section 3.4.2), showing an advantage for this group 

over monolinguals. The two groups performed equally in single task blocks and in trials 

where there were no task shifts, so the authors were able to connect the bilingual advantage 

specifically to the ability to switch between task sets. This paper is credited with inspiring a 

series of studies which also used the colour shape paradigm (Paap et al., 2017). For instance, 

Barac and Bialystok (2012) found a global switching advantage (i.e. a smaller difference in 

speed between a single task control block and the switching block) in this task for three 

different bilingual groups, Chinese-, Spanish- and French-English speakers. A similar 

bilingual advantage in global switch costs was found by Wiseheart et al. (2016), which 

indicates that bilinguals were more efficient in task-set maintenance and active attention.  

Attempts to replicate these results, however, have had mixed success, particularly 

with young adult samples (Paap et al., 2017; Paap, 2019).  No significant differences between 

monolinguals and bilinguals were found by authors such as Tare and Linck (2011) and Paap 
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and Greenburg (2013), while a meta-analysis only found bilingual advantages in switching 

before correcting for publication bias (Lehtonen et al., 2018). Publication bias, discussed in 

more detail in Section 2.4, is the phenomenon of study results affecting a paper’s likelihood 

of submission or publication, sometimes due to a perceived lack of interest in null or negative 

findings.  

A further example of task switching found no significant behavioural differences 

between monolingual and bilingual participants. Rodriguez-Pujadas et al. (2013) attributed 

the similar switch costs for both groups to the low monitoring demands involved in their task, 

suggesting that bilingual advantages may depend partly on cognitive demand. Despite this, 

they did find an interesting difference in brain activity between the groups. Bilinguals tended 

to use brain areas related to language control, even in this non-linguistic task, suggesting that 

there may be some “communication” between language control and general executive 

control.  

Task switching was selected as a topic of interest for the current work as it was an 

emerging function of interest and had been understudied with regard to the influence of 

bilingual background variables. Studies 2-4 examine a growing number of these language 

variables alongside task switching ability with the aim of identifying which of these may or 

may not be related. 

Disparities in results occur throughout the literature in this field, even between 

different reviews and meta-analyses (Ware et al., 2020). Whether the focus is on particular 

functions (Donnelly et al., 2019; Dunabeitia et al., 2014; Grundy & Trimmer, 2017; Hilchey 

& Klein, 2011; Prior & MacWhinney, 2010) or executive control on a wider scale (Lehtonen 

et al., 2018; Sanchez-Azanza et al., 2017), variances appear with different age groups (Costa 

et al., 2008), task or study design (Adesope et al., 2010; Stasenko et al., 2017; Van den Noort 

et al., 2019a) and bilingual groups (Declerck et al., 2017; Prior & Gollan, 2011).  

 

 

1.3. Adaptive Control Hypothesis 

 

There is evidence in the literature that different bilingual experiences can lead to 

variations in observed bilingual advantages. The study by Mechelli et al. (2004), mentioned 

earlier in this chapter, found differences that were related to both the participants’ language 

proficiency and the age at which they acquired their second language. Prior and Gollan 

(2011) found differences in task switching performance between bilingual groups with 
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different patterns of language switching in their daily lives. Blanco-Elorrieta and Pylkkänen 

(2018) note that different language switching patterns are more effortful than others, which 

would lead to variance in any general EF advantages. Other bilingual background variables 

are explored in more detail in Section 2.1, but these language switching habits are of 

particular interest to the current work.  

An extended theory behind the involvement of switching in the bilingualism/control 

relationship was put forward by Green and Abutalebi (2013), basing their model of control 

networks on the difference in contexts between different bilingual speakers.  In their 

Adaptive Control Hypothesis, they list three distinct backgrounds for language switching: 

firstly, a single-language context in which each language is spoken only in its own separate 

context (e.g. L1 at home and L2 at work); a dual-language context in which two languages 

share a context but are used with different people (e.g. while at home, speaking L1 with their 

children but an L2 with their partner); and finally a dense switching context in which two 

languages switch often, with the same conversation partners and even within sentences (e.g. 

people living in a dual-language region, such as Catalonia in Spain).  They argue that it 

would be the second group of bilinguals, those within the dual-language group, who would be 

the most challenged day-to-day with language switching and will have developed more 

efficient cognitive tools to deal with the task. The first group would not be required to switch 

languages often, while the third group would not have such stringent requirements for the 

language being spoken. If everyone around them understands both languages, it matters less 

if they accidentally use a term from a non-target language.  

 

 

1.4. The Current Work 

 

Despite the evidence, discussed above, for a bilingual advantage in domain-general 

executive functioning, the existence of said advantage is still debated (Sanchez-Azanza et al., 

2017). The case for an advantage could be based on anecdotal evidence, with a publication 

bias towards positive results. On the other hand, it may be that only a subset of executive 

functions could be affected or that specific bilingual circumstances lend themselves to an 

advantage, such as language switching habits. 

The current work aims to explore the latter possibility further, comparing monolingual 

and bilingual performance on different measures of EF and taking language background 
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variables into account. It takes the form of a series of 4 studies, focused on inhibitory control 

(study 1) and task switching (studies 2, 3 and 4) in monolingual and bilingual young adults.  

 

1.4.1. Aims and objectives 

The current work utilises a combination of novel tasks, study replication and the 

inclusion of additional bilingual background measures, with the overarching aim of exploring 

the circumstances that may lead to a bilingual EF advantage. The individual studies also 

included additional, more specific objectives based on questions raised in the field, which are 

summarised below and in Table 1.  

 

Study 1. This was a pilot study, the aim of which was to identify differences in 

inhibitory control performance between monolinguals and a specific bilingual population, 

native Polish speakers who were immersed in an English-speaking environment. Bilinguals 

also completed a language inhibition task, the results of which were correlated with 

performance on the general inhibition measures to examine the possible relationship between 

these skills. 

Study 2. Study 2 explored differences between monolingual and bilingual groups in 

task switching, rather than inhibitory control. The introduction of a language history 

questionnaire allowed the initial aim to extend to a “gapped groups” sample of monolinguals 

and specifically high proficiency bilinguals. A third aim was to examine the relationship 

between the bilingual sample’s switching performance and a set of language background 

variables: the age at which the L2 was acquired (AoA), self-rated L2 ability, the number of 

hours on average spent speaking the L2 and the number of contexts in which the L2 was used 

during daily life. 

Study 3. Continuing the work on task switching, Study 3 was, in part, a replication of 

Paap et al. (2017). It was conducted online to allow for a varied bilingual sample, a novel 

response switching task was added to the task battery and new measures (mixing costs and 

relative switch costs) were introduced. The language history questionnaire from Study 2 was 

adapted further, so this study aimed to examine the effects of socioeconomic status and 

language switching frequency on EF performance.  

Study 4. The task battery for the final study was reduced to a single task switching 

measure and a language switching task alongside the questionnaire. Monolingual and 

bilingual performance was compared in the task switching measure as in the earlier studies, 

with the addition of low and high frequency language switching bilingual groups. A second 
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aim of this study was to compare language switching and general task switching performance 

in the bilingual group. 

 

1.4.2. Structure of the current work 

The following chapter will explore the controversy within the literature in more detail, 

including the obstacles presented by this type of research and issues related to publication 

biases. Chapter 3 describes the tasks used throughout the work, how they have been used in 

earlier studies and the measures included for each. Specific task details, such as the number 

of trials and task layout, vary by study and are provided in the methods section of individual 

study chapters. Study 1 (Chapter 4) is a pilot study comparing monolingual and bilingual 

performance in inhibitory control. Due to the results of this study and increasing evidence for 

bilingual advantages in areas other than inhibitory control, task switching became the focus 

of the following studies. Monolingual and bilingual general task switching performance, and 

the influence of bilingual background variables, such as proficiency, which were not detailed 

during the pilot study, are explored in study 2 (Chapter 5). To further build on the language 

profiles obtained from the sample and explore the effects of additional background variables, 

bilinguals’ language switching habits are included in the analysis in study 3 (Chapter 6) and a 

comparison between language switching and general task switching capabilities becomes the 

focus in study 4 (Chapter 7). The final chapter will discuss general conclusions from the 

current work within the context of the research area as a whole.  

 

Table 1  

Measures of interest for each study 

Measure Study 1 Study 2 Study 3 Study 4 
Inhibitory control X    
Language inhibition X    
Vocabulary knowledge X X X  
Verbal fluency X X X  
General fluid intelligence X    
Lexical access  X   
Task switching  X X X 
Basic linguistic variables (e.g. age of acquisition)   X X X 
Socioeconomic status   X X 
Daily language switching habits   X X 
Linguistic distance   X  
Language switching ability    X 
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Chapter 2 

Controversy in the Literature 

 

The previous chapter discussed the purported benefits of bilingualism, from 

metalinguistic awareness through to a variety of executive functions (EF). However, 

controversy has begun to grow in this field, which has come under fire for numerous 

methodological issues and a recent increase in contradictory results. In this chapter, the main 

points of contradiction in the literature will be discussed, including the difficulty in defining 

both bilingualism and executive functioning. Differences in study design- for example, the 

tasks used and their sensitivity, specific task differences or differences between the 

participant samples selected- can also lead to varying results. While these issues may appear 

to be roadblocks, the hope is that, by taking them into account and even embracing these 

challenges, researchers will be able to form a stronger grasp on the circumstances that could 

be most conducive to cognitive advantages.  

Paap and Greenburg (2013) noted that there are two dominant theories on the 

influence of bilingualism on EF. Put simply, one side of the debate stands by the existence of 

a bilingual advantage in domain-general executive functioning, while the opposing viewpoint 

is that any differences found are likely artefacts related to methodologies or participant 

samples used. While it appears that bilinguals typically outperform monolinguals on tasks 

requiring conflict resolution (Dunabeitia et al., 2014), the results of these studies may not be 

reliable or replicable (Paap & Greenburg, 2013). A number of studies, discussed later in this 

chapter, have not found a bilingual advantage, despite evidence of a bias in favour of positive 

results (de Bruin et al., 2014).  

The nature of publication leads many to, perhaps unfairly, criticise null results 

(Iwachiw et al., 2019). They are often not as valued within the research community and peers 

are quick to highlight any methodological reasons for the supposed lack of significance, such 

as poor design or small effect sizes (Ferguson & Heene, 2012; Iwachiw et al., 2019) Landis et 

al. (2014) admit to expecting a flood of poorly designed studies when they announced a 

special journal edition dedicated to null results. When this did not occur, they attributed the 

low submission rate to a negative view of null results coupled with researchers’ own self-

criticism of their research methodologies. There are several means by which results can be 

left by the wayside in the process leading to publication, beginning with the authors 

themselves. Known as a “file drawer bias”, this is the phenomenon of authors deciding to 

shelve null or negative results. Paap (2014) suspected that confirmation bias (a tendency to 
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lean towards interpreting results that fit with dominant theories) and publication bias (basing 

publication decisions on the direction of results) were partly responsible for the 

overabundance of positive results in the field. 

De Bruin et al. (2014) noted that relatively few papers had reported evidence 

contradicting the bilingual advantage, echoing sentiments expressed by others (Gathercole et 

al., 2014; Paap & Greenburg, 2013; Paap, 2014). De Bruin et al. themselves have, in the past, 

prioritised positive results when selecting work to submit for publication, which led them to 

agree with Paap and Greenburg’s suspicion of bias on the part of researchers and publishers. 

In their case, only one of four executive functioning tasks showed an advantage in one study 

and yet, despite not being successfully replicated in a follow-up study, this was the only 

result published by the group. Taking conference abstracts from fields related to Psychology, 

Neuroscience, and Psycholinguistics, spanning over a decade and with a wide coverage of 

age groups and tasks selected in the studies themselves, evidence of bias was uncovered. 68% 

of the studies that had reported positive results had later been published compared to only 

29% of null or contradictory results.  

It is particularly difficult to create a solid platform on which to criticise a widely-held 

belief, even if there is a history of null findings, because this evidence is not necessarily 

widely available. Titone and Baum (2014) argue that this should be the case- that those 

wishing to contradict a theory should have a more challenging task ahead of them, providing 

categorical evidence that bilingual advantages only appear with the presence of another factor 

and not under any other circumstances, before the theory of bilingual advantages can be fully 

challenged.  

While de Bruin et al. (2014) accept that null results can be difficult to interpret, most 

of the studies featured in their analysis had similar tasks, participant numbers and power, 

regardless of result direction, suggesting that null results are not purely rooted in poor design. 

Instead, contradictory results, particularly mixed results, can be extremely valuable in 

examining the limits or circumstances of an established effect. They found that almost half of 

qualifying abstracts countered the bilingual advantage and this number was not reflected in 

the publication rates. It is often not possible to determine the stage of the publication process 

at which most of these papers are being dropped, nor how many studies had been “file-

drawered” before even reaching the conference level (De Bruin et al., 2014; Iwachiw et al., 

2019). Adesope et al. (2010) found no evidence of a publication bias within their systematic 

review but, according to Lehtonen et al. (2018), the methods used to test for this were 

outdated and are being replaced by more sophisticated modelling. The findings by De Bruin 
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et al. (2014) suggest that the problem is much larger than initially believed and that the 

bilingual advantage could be much smaller or less consistent than early research suggested.  

More negative results have been published in recent years (Sanchez-Azanza et al., 

2017) and, arguably, null results are becoming more acceptable, with journals taking active 

interest in their publication (Landis et al., 2014). Although Adesope et al.’s (2010) systematic 

review found improved bilingual performance across a range of cognitive skills, meta-

analyses leaning in support of advantages appear to be in the minority and reported 

advantages are small when they are present (De Bruin et al., 2014; Grundy & Trimmer, 2017; 

Donnelly et al., 2019). Lehtonen et al. (2018) conducted a large meta-analysis, including 

unpublished material and focused on adult samples, finding that there was no evidence of a 

bilingual advantage once the data had been corrected for publication bias. Hilchey and Klein 

(2011) found no bilingual advantage in interference effects for children or young adults, only 

in older adult samples, and follow-up reviewers were hesitant to support advantages. While 

summarising papers published after 2011, Paap et al. (2015) noted a pattern within the 

reported results. Only a small number of studies showed a bilingual advantage and these 

tended to have smaller samples; papers recruiting samples of over 50 participants had null 

results. Hilchey et al. (2015, cited in Lehtonen et al., 2018) found that later studies provided 

little evidence in favour of advantages.  

Possibly the strongest evidence against a bilingual advantage in inhibition came from 

Dunabeitia et al. (2014). They employed a large, carefully matched sample of over 500 

children of different ages. In order to downplay the role of linguistic knowledge in the results, 

they used an adapted Stroop task, the numerical Stroop. In this version, two numbers are 

presented on the screen, one in a larger font size than the other, and participants are asked to 

determine which the physically larger number is, regardless of the actual digits presented. 

Similar to the original task, there are congruent (i.e. a small number 4 next to a large number 

9), incongruent (a large number 4 next to a small number 9) and control trials (a small 

number 4 presented next to a large number 4). While the task is less demanding linguistically, 

there is still the possibility of some involvement of language as the numbers still have 

linguistic representation (the digit “3” could still be thought of as “three”, by a monolingual 

English speaker, for example, while an English/German bilingual may also activate the 

German “drei”). In Dunabeitia et al.’s work, the results of the numerical Stroop were 

compared to those of the classic task, not only to explore the role of possibly increased 

inhibitory capacities in bilinguals, but also to establish any variance caused by the linguistic 

demands of each task. They found that there was no clear evidence for enhanced inhibitory 
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control in their bilingual sample compared to monolinguals. While there were clear Stroop 

and incongruity effects across the age ranges, and older children were faster overall than 

younger children, there was no clear interactions between the measures of inhibition and 

language background.  Stroop, incongruity and congruency effects on reaction times did not 

significantly differ between monolinguals and bilinguals, nor did they differ when other 

background factors were taken into account. With regard to error rates, the only difference 

found in this large participant sample was a bilingual advantage in congruency effect, but 

only on the classic Stroop task. This difference could indicate an advantage in general 

executive functioning rather than inhibition, but considering that there were few errors, there 

were differences in the baseline between the groups and this difference was not seen in the 

numerical task, the authors were not entirely confident in this interpretation.  

Costa et al. (2009) discussed a series of studies which found similar magnitude of 

conflict effects between monolinguals and bilinguals on measures of conflict resolution. It 

was more common within the research to see bilingual advantages in overall reaction time 

(RT) on these tasks, rather than advantages specific to trials involving conflict, suggesting 

that bilingualism may lend itself instead to improved monitoring systems. In other words, 

bilinguals may actually be faster in evaluating whether conflict resolution is necessary in the 

first place. To assess this hypothesis, Costa et al. (2009) varied the percentages of congruent 

and incongruent trials in mixed task blocks. They found a significant bilingual advantage in 

overall RT only in “high-monitoring” conditions, where participants were required to 

constantly adjust to different trial types, and no significant differences between bilinguals and 

monolinguals in the magnitude of conflict effects. Hilchey and Klein (2011) reached the same 

conclusion with similar results; no significant advantages in interference effect for bilingual 

young adults and children, but a “clear” advantage in global RT across all age groups in their 

meta-analysis. While conflict effects seem to be the focus of discussion in this field, results 

here are hardly robust. These effects may be limited to specific conditions in which 

monitoring processes are also being recruited to a high degree (Costa et al., 2009). Perhaps, 

as Costa’s team suggest, the focus should be shifted to measuring mixing costs as opposed to 

switch costs. Where switching costs measure the difference in average RT between switch 

and repeat trials, mixing costs reflect the RT difference on repeat trials between the test 

condition and control blocks. This measures the broader cost of having to monitor all 

responses, rather than assuming that trial type alone affects RT, and is incorporated into 

studies 3 and 4 of the current work. 
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Kousaie and colleagues have also found contradictory results. In one study (Kousaie 

et al., 2014), differences between two monolingual groups (anglophone and francophone) 

appeared to be more prominent than any bilingual advantage, for which there was only partial 

and inconsistent support. Further studies found subtle differences in processing between 

groups with EEG, but largely null results with behavioural measures (Kousaie et al., 2015) 

except for a Stroop task (Kousaie & Phillips, 2017).  Naeem et al. (2018) found an advantage 

for bilinguals in RT on a Simon task, but a monolingual advantage on the Tower of London 

task. Another study found no apparent bilingual advantages in EF, even with highly 

proficient speakers (Van der Linden et al., 2018) and there were no significant differences 

between monolinguals and bilinguals, in measures of both auditory and visual inhibition, in a 

study by Desjardins and Fernandez (2018). A study involving elderly bilinguals and 

bidialectals found no advantages for either group when compared to monolinguals (Kirk et 

al., 2014). Here, the authors suggested that language use for bilinguals may vary by study and 

thus influence results. Naeem et al. (2018) determined that socioeconomic status (SES) is 

also a key modulator in bilingual advantages when they do appear. Both of these issues are 

among numerous potential hurdles, discussed below, that have undoubtedly muddied the 

waters of the debate.  

 

 

2.1. Defining bilingualism 

 
There is no standard measure of bilingualism and it is widely accepted to be 

multidimensional; more of a degree than an easily categorised variable (Baker, 2011; Carlson 

& Meltzoff, 2008; Edwards, 2006). Some scholars choose to define bilinguals as anyone with 

some knowledge of a second language, meaning that someone who has learned French in 

school and is still capable of understanding the written language would be classed as having 

some bilingual skills (Valdés et al., 2014). Others may restrict the definition to those who 

have achieved the level of a native speaker, or may choose another measure of fluency as an 

indicator (Calvo et al., 2016). Grosjean (1998) notes that there are several features by which 

bilinguals can differ. Firstly, what is their language history, function and relationship to each 

of their languages? How and when were the languages learned, for what purpose and in what 

cultural context? Secondly, is the language in question still being acquired, is it being 

reconstructed due to new environmental demands or has some kind of stability been reached?  
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According to Grosjean, language ability can change significantly over time and in 

different contexts; a person may speak a language to a high level without using it to write, or 

switch between languages when in a bilingual environment, rather than using a single 

language as would be the case when speaking to monolinguals. One individual can be 

proficient in all aspects of language use, another may be an “emergent” bilingual with limited 

productive language skills (Baker, 2011). There are also a number of reasons why an 

individual may become bilingual, from migration to living in an area with both a local 

indigenous and national language (Valdés et al., 2014), so matching even by bilingual fluency 

or use will not necessarily provide a homogenous sample.  

A lack of consistency in what constitutes a bilingual could be partly to blame for 

inconsistencies in results, as the degree to which an individual is bilingual likely has a 

marked effect on perceived cognitive advantages (Anderson et al., 2018; Bialystok & 

Majumder, 1998; Calvo et al., 2016). The specific languages used can also influence the 

extent of cognitive benefits, as linguistic distance can have an impact on the mechanisms 

involved in processing the languages (Calvo et al., 2016). Adesope et al. (2010) used 

metalinguistic awareness as an example; perhaps both of an individual’s languages should 

either share or differ in certain aspects in order for the bilingual to become aware of these 

features. 

Bilingual samples are, by nature, extremely varied. Background variables include the 

age of acquisition of each of their languages, their proficiency and knowledge of each, 

circumstances under which they learned their languages, immigrant status and the balance 

between the use of their languages. It is this wide array of bilingual backgrounds that poses 

another issue for several researchers.  The study base is diverse and covers a broad range of 

participant pools, which depending on your viewpoint can be a limit to validity (Garcia-

Penton et al., 2016) or a reflection of the varied nature of the very aspects of bilingualism 

worthy of exploring (Kroll & Chiarello, 2016). Aside from the debate on the bilingual 

advantage is the more practical question of what exactly constitutes bilingualism.  Currently 

there is no single widely used measure of bilingualism, with most studies tending to rely on 

self-reporting of language ability by participants. As a result of the inconsistency of 

measurement techniques, it is vital that studies report accurate and comprehensive 

background data for their participants. Pliatsikas and Luk (2016) identify necessary data as 

standardised measures of proficiency, reports on the balance or daily use of each language as 

well as how and when L2 was acquired.   
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It is nearly impossible to find a homogenous group of bilinguals to study, let alone 

one that is easily matched to a monolingual sample. As Titone and Baum (2014) state, people 

do not typically choose to be bilingual, often they are born into families with personal 

circumstances that lead to a bilingual situation. As Baker (2011) puts it, being bilingual is not 

owning two languages in the same way a bicycle has two wheels; is a person bilingual if they 

are significantly more proficient in one language or if one of their languages is rarely used 

(Baker & Jones, 1998)? This not only poses a practical challenge for researchers, but may 

also lead to variation in any bilingual advantage. Different patterns of language use may have 

different demands for each individual and therefore influence any “training gains” (Lehtonen 

et al., 2018). There are numerous aspects of a bilingual background which could lend 

themselves either more or less to cognitive development.  

 

2.1.1. Proficiency 

Proficiency in an L2 may be the natural first port-of-call for someone wishing to 

assess level of bilingualism, but this is not a straightforward measure with people placed on a 

single scale from “low” to “high” proficiency.  

There are four general aspects of language use in which a person can perform at 

different levels: speaking, reading, writing and listening, so an individual may be able to 

speak and converse fluently in a language, but be unable to read or write in it, for example 

(Baker, 2011). They may also have different proficiency levels even within these categories 

in different contexts- someone may be able to understand and converse comfortably with 

people in the street, but be unable to understand the contents of, or participate in, an academic 

lecture (Baker, 2011; Baker & Jones, 1998; Cummins, 1979). There is also a distinction made 

between receptive (or passive) language ability and productive (or active) ability, or whether 

an individual is able to understand a language but not produce it themselves, or someone who 

is capable of both forms of use (Edwards, 2006). 

As Lemhöfer & Broersma (2012) point out, there is a large number of test options 

available to researchers in search of proficiency measures. Hulstijn (2010) describes four 

general categories for these tests, each varying in their speed of administration and ease of 

analysis: vocabulary tests, sentence imitation (repeating or writing out a spoken stimulus 

sentence), cloze tests (filling out the correct missing word or word endings from a sentence) 

and elicited production (describing a picture, recalling a story). In addition to these test types, 

researchers often use self-ratings of proficiency provided by the participants themselves 

(Lemhöfer & Broersma, 2012; Paap et al., 2017). 
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Rosselli et al. (2016) found that, while high-proficiency bilinguals outperformed low-

proficiency bilinguals in EF tests, their scores were similar to high-proficiency monolinguals. 

In this case, non-verbal intelligence was a better predictor of executive functioning than 

bilingualism, regardless of proficiency. However, the authors do allow that the specific 

background of their bilingual sample may have influenced the results. The participants were 

from a primarily bilingual area of Florida and thus likely used their languages simultaneously 

with other bilingual speakers. This lack of directed, deliberate language switching may limit 

the development of advanced executive functioning abilities according to the Adaptive 

Control Hypothesis (Green & Abutalebi, 2013). While proficiency is a key aspect of a 

person’s language history and should not be ignored, the story of their background does not 

end there; other bilingual measures, such as language balance and switching, remain valuable 

and relevant in research studies.  

 

2.1.2 Age of acquisition 

Bilinguals can be placed into one of three groups depending on their age of L2 

acquisition (Harley, 2001): native or simultaneous bilinguals (who have learned both 

languages at the same time), early sequential bilinguals (who learned their second language in 

early childhood) and late bilinguals (who learned their L2 in adolescence or later life). 

It is widely understood that learning a second language from infancy or young 

childhood provides the best likelihood of reaching the level of a native speaker (Abutalebi & 

Clahsen, 2018; Birdsong, 2018), although the mechanisms behind this “critical period” for  

second language acquisition are unknown. It may be due to greater neural plasticity in young 

children, a difference in modularity of linguistic abilities, more years of exposure to the 

language, less impact of the first language or less hesitancy to make mistakes among other 

factors (Birdsong, 2018; Hartshorne et al., 2018).  

The concept of a “critical period” has spawned further debates around the extent to 

which a language can be learned after this age (Bialystok & Kroll, 2018), whether this varies 

across different language skills (Birdsong, 2018; Lillo- Martin, 2018) and, crucially, at which 

age this critical period ends. With the general consensus appearing to be “sometime around 

puberty” (Bialystok & Kroll, 2018, p.908), an exceptionally large study with over 650,000 

participants placed this age at 17.4 years (Hartshorne et al., 2018).  

It is still possible to fine-tune language skills even into adulthood (Adesope et al., 

2010). Archila-Suerte et al. (2015) explain that late learners tend to assimilate L2 sounds that 

are similar to those of their L1 into pre-existing categories, while still allowing unfamiliar L2 
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sounds to create new categories. So, high L2 proficiency can counteract a natural 

disadvantage due to a late age of acquisition (AoA), but both are key aspects of language 

learning. Whether this extends to cognitive benefits of bilingualism is still a matter of debate. 

Archila-Suerte et al. (2015) demonstrated that age of acquisition of a language had 

more of an impact on neural processing than proficiency did. Carlson and Meltzoff (2008) 

found EF advantages in native bilinguals but not those with later L2 exposure, suggesting that 

this early, intensive experience of a second language may be the key to developing 

advantages in cognition.  

 

2.1.3. Language balance and switching 

Although life-long, balanced bilinguals are considered the most likely candidates for 

an advantage, Valian (2016) argues that, by their very nature, these individuals may be so 

well-practiced in speaking two languages that it is no longer effortful but rather automatised, 

thus limiting the development of improved cognitive skills. Domain-general advantages may 

only emerge when switching is actively utilising executive control, as in the Adaptive Control 

Hypothesis (Green & Abutalebi, 2013). Interpreters and translators differ in their EF task 

performance (Dong & Liu, 2016; Henrard & Van Daele, 2017), which would suggest that 

general benefits may arise from different processing demands and not necessarily from 

frequent use of a second language, fluency or the act of language switching itself. 

Frequency of language switching (FoLS) could be key to understanding the bilingual 

advantage according to results from Verreyt et al. (2016). Here it was found that balanced 

bilinguals with more experience with switching languages outperformed their unbalanced, or 

“balanced non-switching” bilingual peers in executive control. Soveri et al. (2011) considered 

a range of language background variables and found that frequency of language switching, as 

measured by a questionnaire, was the best predictor of mixing costs in a task switching 

measure, with frequent language switching related to improved mixing costs. 

However, when a larger follow-up study was conducted, FoLS seemed to play less of 

a role than initially believed (Woumans et al., 2015a). Woumans et al. (2015a) argue that 

there is no compelling evidence that increased language switching leads to an advantage in 

EF, especially considering the small sample size in the Verreyt et al. (2016) study. A further 

study by Woumans et al. (2015a) had a larger sample size and included a “cost of switching” 

measure to aid in group comparisons, but this predicted executive control performance in the 

balanced bilingual group only. This cost of switching measure was a version of verbal 

fluency in which participants were asked to name as many items from a given category as 
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they could in a set amount of time, conducted in each of their languages and then a final 

block in which they were asked to switch between their languages for each new response. 

Paap et al. (2017) criticise the use of this test as a “cost of switching” measure, as it relies on 

relative proficiency in the two languages as well as participants’ practice in language 

switching.   

In a more recent study by Barbu et al. (2018), the results were mixed with no clear 

relationship between language switching and response inhibition. There was, however, an 

advantage in cognitive flexibility for those who switched languages regularly. The authors 

argue that the similar requirements of language switching and their cognitive flexibility 

measure, a set shifting task, are the reason for the advantage for frequent language switchers. 

Participants had been matched on age, gender, video game experience, SES, language 

proficiency and showed equal performance on an alerting task involving attentional 

processes. 

 

2.1.4. Varied across lifespan  

Dunabeitia et al. (2014) present the argument that a bilingual advantage could be 

unstable across the lifespan, only showing a distinct difference in older adults where 

cognitive decline also plays a role. Young adults may be more able to reach peak 

performance in executive functioning tasks, creating a ceiling effect and preventing 

researchers from measuring any differences between groups (Costa et al., 2008; Prior & 

Macwhinney, 2010). If this is the case, fewer positive results for younger adults would be 

expected. 

Bilingual advantages are most apparent “in children, older adults and during 

pathological aging” (Baum & Titone, 2014, p.881). For example, bilingual children were 

more capable than their monolingual peers at completing the Dimensional Change Card Sort 

(DCCS) task in multiple studies (Bialystok, 1999; Carlson & Meltzoff, 2008). Here, in this 

adaptation of the Wisconsin Card Sort Task, children are taught to organise groups of objects 

either by their shape or by colour. During the course of the task, the experimenter informs the 

child that the rules have changed. If they were originally sorting by shape, they are now going 

to “play the colour game” or vice versa. The child must then inhibit the previously learned 

rules and instead attend to the new task. According to Bialystok (2001b), bilingual children 

have been able to develop an advanced ability to control their attention towards conflicting 

aspects of a task due to their experience with language. As monolingual children do not have 
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this prior experience or practice, it may take longer for this type of attentional control to 

develop. 

These advanced skills may also continue to progress with age (Adesope et al., 2010; 

Costa et al., 2008). As research has shown improved cognitive control in older bilingual 

adults compared to monolinguals (Baum & Titone, 2014), it is possible that the effects of 

practice can accumulate over the course of a lifetime. While older adults generally have 

stronger word knowledge and are better at utilising context than younger adults, these 

advantages can be overshadowed by cognitive decline in areas such as perception and 

executive functions, which are the most susceptible to the aging process (Banich, 2009). As a 

result, older adults are more challenged by language tasks that rely on executive functioning.  

Another significant contribution made by Bialystok’s team was the finding that 

lifelong bilingualism appeared to help in delaying the symptoms of dementia in older adults, 

due to an alteration in the use of brain networks (Bialystok, 2016; Bialystok et al., 2007). 

While other research had shown significant differences in cognitive skills between groups of 

older adults, suggesting a positive effect of bilingualism developing through the lifespan, the 

striking differences between the age of onset of symptoms between the monolingual and 

bilingual groups (of approximately 4 years) was of great import to the research field, 

described by Antoniou (2019) as a “landmark” finding. Further papers supported this delay in 

dementia symptoms (Paulavicius et al., 2020; Woumans et al., 2015b), notably Alladi et al. 

(2013) who found a 4.5 year delay in onset across various subtypes of dementia while 

controlling for other factors, such as education. There is, however, no evidence that lifelong 

bilingualism can reduce the likelihood of developing these conditions entirely (Brini et al., 

2020) and further research has revealed a more complex relationship between bilingualism 

and cognitive decline.  

Alladi’s group later re-examined this topic, claiming that only behavioural and not 

aphasic forms of dementia are significantly delayed by bilingualism (Alladi et al., 2017). 

There are several different forms of dementia and bilingualism may lead to resistance to 

specific symptoms or subtypes rather than dementia as a whole, with several factors leading 

to this difference (Paulavicius et al., 2020). 

According to Atkinson (2016), the language proficiencies and ages of L2 acquisition 

for the bilingual sample may be crucial, with key supportive studies involving highly 

proficient, lifelong bilinguals (Bialystok, 2007; Woumans et al., 2015b) and studies with less 

proficient, late learners finding no significant differences in onset age. Their review covered a 

range of dementia diagnoses and did not distinguish between type (e.g. Alzheimer’s). There 
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is also some evidence that specific approaches to this research can affect the findings; Lawton 

et al. (2015) found that both sample selection (“community” samples vs through specialist 

referrals) and choice of measure (age of clinical diagnosis vs retroactively reported “first 

signs” of symptoms) can determine whether bilingual differences can be found.  Atkinson 

(2016) reviews the mixed findings of past research and also notes the disparity between 

retroactive and prospective approaches.  

Differences in clinical ageing between monolinguals and bilinguals are supported by 

neuroimaging data demonstrating that older bilingual adults utilise different, and likely more 

effective, neural pathways for cognitive tasks compared to their monolingual peers (Ansaldo 

et al., 2015).  Bilingualism can also act as a factor towards cognitive reserve, a mechanism 

that protects against cognitive decline (Perani et al., 2017) and increased connectivity in key 

brain areas could lead to a lower impact of degeneration in cases of dementia (Perani & 

Abutalebi, 2015). With this lifetime variance in mind, the inconsistencies presented in the 

literature could be due to the overall capabilities of the age groups involved. There is existing 

literature that has shown a difference between samples in younger age groups, which suggests 

that the circumstances of the tasks or bilingual groups may still be worthy of exploration.  

 

 

2.2. Defining and measuring executive functions 

 

While we know that bilingual experience has the ability to substantially alter brain 

structure, how this actually relates to a person’s behaviour or cognitive abilities is less clear. 

Neural differences do not equal behavioural differences and certain behaviours can be 

conducted equally well through alternative pathways (Valian, 2016). Thus, structural or 

functional variance between monolinguals and bilinguals may not be enough to indicate 

substantial behavioural or cognitive differences between the groups; bilinguals may have just 

developed new means to perform the same tasks.  

Poeppel (2012) discusses two issues, the “maps problem” and the “mapping 

problem”. The former is that, even if we had perfectly accurate methods to localise 

processing streams (which we do not currently have), this would only provide us with 

correlations between these pathways and the resulting behaviours, not an actual explanation. 

The mapping problem refers to the different approaches to the study of bilingualism and 

cognition, for instance the former uses phrases such as “word retrieval” and “code switching” 
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while the latter deals with “increased firing” and “network patterns”. However, we lack an 

overarching theory connecting the two concepts. 

A challenge in executive functioning research is that an EF measure could show 

significant variance based on other, non-EF skills involved in the task. This is known as the 

“task impurity problem”. To put it briefly, executive function cannot be measured directly. 

Common measures rely on other processes, such as vision or motor responses, and so a low 

score on a single test of EF could be due to impairment in one of these skills rather than the 

higher-level processes themselves. If two EF tests involve different sets of additional 

processes, then any difference in the scores could be due to variation in other abilities. 

Several tasks intended to measure other aspects of executive functioning can 

inadvertently involve working memory. According to Costa et al. (2008), the Simon task, 

while primarily a measure of inhibitory control, does require an element of WM. Participants 

must remember the task rules and appropriate key responses while also attending to the task 

at hand.  

Superficially, tasks like Simon and flanker are similar in design. Both involve 

directionality, two keyboard responses on opposite sides of the board, with congruent and 

incongruent trials. However, the stimuli differ in that the flanker task arrows indicate a 

direction themselves, while the Simon task rectangles do not. The source of the incongruence 

also differs because in the flanker task, participants have to ignore the items in their periphery 

vision to focus on the central target, whereas in the Simon task, the challenge is the 

discrepancy between the location of the item in relation to the response key’s side of the 

keyboard. As a result of these differences, despite the intention of both tasks to measure 

inhibition, the results do not tend to correlate. As Valian (2016) notes, the correlations that do 

show up between the tasks are not related to the tasks themselves- a correlation in overall 

reaction times between the tasks, for example, only indicates that participants who are quick 

to respond on one task are also quick to respond on the other, which is related more to their 

reflexes and speed in keyboard responses. Even two versions of the same task can differ in 

results, such as the numerical and verbal forms of the Stroop task.  

Dunabeitia et al. (2014) found surprisingly low correlations between RT effects on 

their two versions of Stroop tasks (classic and numerical), suggesting that even tasks intended 

to measure the same aspects of functioning do not necessarily do so. Thus, they advise 

caution in generalising effects found in a single task. Any given task may be measuring 

executive function, other cognitive processes or a combination of both. Experiments 

themselves differ in batteries of tasks used, the specific design of those tasks as well as the 
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types of data collected or reported and so it is difficult to defend the view that these studies 

are definitively measuring one form of EF or even the same processes at all.  

 

In addition, Banich (2009) notes that, while executive function is used to navigate 

unfamiliar and unpredictable situations in daily life, laboratory-based studies typically 

prepare participants with instructions, rules and general expectations for the tasks.  It is 

difficult for these structured (and arguably predictable) studies to capture the kind of abstract 

situation that would naturally require executive functions on a day-to-day basis. A full 

examination of executive function could require far more dynamic measures than are 

typically available to researchers.  

 

 

2.3. EF advantages unrelated to language background 

 

Brain plasticity is lifelong and responds to experience of all types, with structural 

changes occuring after extended practice (Maguire et al., 2000; Mechelli et al., 2004).  

Certain tasks can show skill transfer if the processes used for the tasks overlap, particularly if 

training is targeted to specific functions or brain areas (Moreno et al., 2011). According to 

Bialystok & DePape (2009), there are two criteria for experiences to have this effect: firstly, 

they must be "massively practiced" and they must also engage frontal executive processes.  

Therefore, bilingualism is not the only factor of interest when it comes to 

development of executive functions. Other experiences have been known to influence 

cognition, such as musical training, which fits the criteria above as well as involving all of 

Miyake et al.’s (2000) proposed components of executive function (Bialystok & DePape, 

2009). As with bilingualism, musical training involves auditory and implicit processing, 

assessment of pitch and semantic processing (Moreno, 2009) and successful musicians 

dedicate thousands of hours to their craft (Bialystok & DePape, 2009). 

Physical exercise of all types, though particularly training that is cognitively engaging 

(see Best, 2010 for a review), can also improve executive functioning and brain activation. 

This has been demonstrated across childhood (Davis et al., 2011), clinical (Chang et al., 

2012) and older adult (Dai et al., 2013) samples. As with bilingualism, it has been suggested 

that frequent exercise can serve as a preventative measure against cognitive decline (Dai et 

al., 2013). 
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Valian (2016) notes that these benefits may appear alongside, or compete with, each 

other in addition to bilingualism. In any given study, the monolingual or bilingual samples 

may have more of these advantages entirely by chance and there is little that can be done to 

control for this. Without further study, it will remain unknown if or how these multiple 

effects combine, or which are most likely to be dominant.  

 

 

2.4. Methodological issues and sample selection 

 

Paap and Greenburg (2013) attribute results supporting the bilingual advantage to 

methodological issues such as small sample sizes, which are common across the field. 

Indeed, the null results found in larger studies, such as by Dunabeitia et al. (2014) with 

approximately 500 participants in total, suggests that this could be the case. As Paap (2014) 

had also indicated that a dominant issue with the early advantage literature was small sample 

sizes leading to reduced power, Paap et al. (2014) used a large sample of 168 bilinguals and 

216 monolinguals. The latter paper additionally presents a distribution of results found in the 

literature as a function of their sample size. Studies showing positive results, on average, 

came far below the ideal sample size calculated by the authors, with 29 participants as 

opposed to the required 48. Studies with null results, on the other hand, had an average n of 

45. They found that positive results appear more consistently in the lower range of sample 

sizes, while null results tended to have larger samples.  

Another issue in this field is the emergence of confounding variables when groups 

cannot be randomly sampled, as is the case with bilinguals. Bialystok (2001a) notes that 

bilingualism correlates with other factors that impact social and cognitive development, such 

as parental education level, reading in the home, proficiency in each language, the 

environment in which an L2 is used and socioeconomic status (SES). SES correlates with life 

stress, neighbourhood quality, physical and mental health as well as cognitive ability 

(Hackman & Farah, 2009) and, for young children, low SES has been shown to predict 

poorer executive function performance (Hackman et al., 2015). Brain plasticity in response to 

environmental influence is a well-reported phenomenon, and the longer developmental period 

associated with the prefrontal regions may make them particularly susceptible to said 

influence (Archila-Suerte et al., 2015; Hackman & Farah, 2009). Archila-Suerte et al. (2015) 

suggested that the benefits associated with bilingualism may be able to counteract these 
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disadvantages and found increased recruitment in brain areas related to executive functioning 

in a bilingual sample, despite this group being disadvantaged in terms of SES.  

Morton and Harper (2007) note that SES has not been properly matched in previous 

work, with wealthier bilingual children being matched with monolinguals from lower SES 

backgrounds. Engel de Abreu et al. (2012) hypothesised that the null results found in some 

bilingualism and EF studies may be because the effects of an advantage may be limited to 

those from more privileged backgrounds, only presenting when children are already in a more 

beneficial environment. The authors aimed to combat the confounding variables of SES and 

ethnicity by recruiting a well-matched sample of Portuguese monolinguals with 1st and 2nd 

generation children of Portuguese parents living in Luxembourg. They found a robust 

bilingual advantage, specifically in tasks with higher control demands and regardless of 

language proficiency, demonstrating that the bilingual advantage remained despite the 

participants’ economic circumstances. It is possible that, without the experience of speaking 

two languages and the cognitive benefits attached, the detriments associated with low SES 

and immigrant status would be more pronounced in these bilingual samples. Matching 

bilingual and monolingual groups on proficiency in their common language or SES, however, 

would not be feasible without extensive screening. If said screening were applied, then the 

sample would be far less likely to represent the actual bilingual population of a given area. 

Between the established concern that underpowered studies are more likely to 

produce significant results than larger studies and the nature of the samples preventing 

random group assignments, this supports speculation that the bilingual advantage is a result 

of artefacts or a publication bias. 

 

 

2.5. Current work 

 

While emerging evidence against a bilingual advantage may appear damning, there 

does remain cause for continuing to investigate it. Although inconsistent, results tend to be 

positive when there are group differences (De Bruin et al., 2014; Valian, 2016) and 

neuroimaging evidence does suggest a difference in processing between monolinguals and 

bilinguals (De Baene et al., 2015; Garbin et al., 2010; Mechelli et al., 2004). Given the task-

specific and individual differences which could be at play, the question of whether the 

bilingual advantage exists may not have a simple “yes or no” answer.  More specialised 

analyses could help to unpick the details overlooked by simple monolingual-bilingual 
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comparisons. The current work will include further bilingual background variables, including 

patterns of language use such as frequency of switching, and examine how they relate to EF 

task performance. Using a range of variables, rather than relying on a single factor such as 

proficiency, will also reduce the limitations of strictly defining bilingualism. 

Researchers have yet to reach a consensus on which executive functions could be 

improved by bilingualism, so taking less common measures and task types into account (i.e. 

general mixing costs in addition to specific costs of switch trials) could help to pinpoint areas 

of interest. Alongside the measurement of mixing costs, the current work will include a range 

of task types to help clarify where bilingual advantages may lie.   

The current work aims to avoid some common issues noted in the past, such as the 

low sample sizes reported by Paap et al. (2014). They recommend a minimum sample size of 

48 participants, which is taken into account in the current work, except for the smaller pilot 

study described in chapter 4. Studies 3 and 4 (chapters 6 and 7 respectively) include a 

measure of SES as this has been described widely as a potential confounding variable (Engel 

de Abreu et al., 2012).  

 

 

2.6. Conclusion 

 

Research in the field of bilingual advantages in cognition has been faced with several 

unique challenges, such as the large variation in participant backgrounds. We do not fully 

understand what processes are used when bilinguals are speaking or listening to each of their 

languages, nor do we know with certainty that these processes are the same regardless of 

bilingual experience (e.g. the number of languages one speaks, the similarity of those 

languages, the circumstances under which they were learned). With this in mind, we cannot 

accurately predict which types of functioning are going to be affected most strongly by 

bilingual experience.  Furthermore, if we cannot separate executive functions from one 

another, we will naturally struggle to isolate which functions, if any, are improved upon by 

bilingualism. 

In recent years, concern surrounding the potential for publication bias in the field as 

well as a pattern of non-significant findings has cast doubt on the existence of a bilingual 

advantage. Despite this, there remains a push to understand why advantages do occur in some 

cases, how bilingualism may interact with other beneficial factors and whether a specific 

bilingual context can lend itself to improved executive function.  
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The current work focuses on the latter point, further exploring the circumstances of 

bilingualism and their relationship with executive function. A combination of replication and 

the inclusion of additional bilingual and EF measures may help to untangle the question of 

why some studies find advantages and others do not. Inconsistent results may not purely be 

the result of study design flaws or a complete lack of a bilingual advantage. Advantages may 

exist, but be more subtle than originally claimed. They may have a smaller effect than early 

studies suggested (De Bruin et al., 2014), could interact and compete with other cognitively 

beneficial activities and factors (Valian, 2016) and could vary throughout the lifespan 

(Dunabeitia et al., 2014).  Different bilingual experiences, including in the languages spoken 

as well as country of origin, could result in different effects on executive function. The 

bilingual advantage may also lie in conflict monitoring, rather than specifically responding 

correctly to incongruent or switching stimuli, and so less common measures such as “mixing 

costs” will be included in the analyses.  
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Chapter 3 

Tasks 

 

The following is an in-depth discussion of all tasks used within the current work and 

their respective measures, listed by task type. Exact specifications for the tasks used in each 

study, including stimulus timings and trial numbers, are discussed in the respective study 

chapters. Measures, unless otherwise specified, included accuracy (percentage of correct 

responses throughout the task, not including practice trials) and RT (the mean reaction time 

in ms for correct responses). 

 

 

3.1. Language Measures 

 

3.1.1. Animacy Judgement (Proficiency) 

Animacy judgement tasks are used throughout the literature on memory and language 

processing (Marinis, 2018; Otten & Rugg, 2001; Zeelenberg & Pecher, 2003) but are 

typically used as a measure of lexical access in bilingualism research. Lexical access is the 

ability to access all information about a word, its meanings and associations from our lexicon, 

or “mental dictionary” (Harley, 2001; Zhang & Samuel, 2018). It is considered a key 

component of language use, involved in processing for both written and spoken 

comprehension (Harley, 2001), and it can become more efficient as an individual’s 

experience with a language becomes broader (Kroll & Sunderman, 2003; Segalowitz & 

Frenkiel-Fishman, 2005). 

In the current work, animacy judgement was used as one of the tests of English 

language proficiency. Participants respond as quickly as they can to nouns on the screen, 

according to whether they represent a living or non-living thing. Some examples from the 

practice trials are “queen” and “ceiling”, living and non-living respectively. In a typical 

example of the task, as in the current work, a single word will be displayed on the screen until 

either a keyboard response from the participant or the trial time limit is reached, at which 

point the next item is presented. 

Segalowitz and Frenkiel-Fishman (2005) used a version of the animacy judgement 

task alongside self-rated measures of L2 proficiency, as the former is considered less 

subjective. The task was presented in both English and French, with L2 performance and 

reaction times being compared to those of the L1 to determine relative proficiency. It has 
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since been used as a language measure in other research examining the relationship between 

bilingualism and other cognitive functioning (Kousaie et al., 2014; Kousaie & Phillips, 2017). 

 

3.1.2. LexTALE  

The LexTALE, or “Lexical Test for Advanced Learners of English” (Lemhöfer & 

Broersma, 2012) is a popular test of vocabulary knowledge specifically designed for use in 

experimental settings with proficient English speakers. According to its creators, it can also 

provide a quick indication of general English proficiency as it correlates with more extensive 

measures, such as word translation and the Quick Placement Test (2001, cited in Lemhöfer & 

Broersma, 2012), a commercial test of general proficiency, which is often used by 

educational institutions to assess prospective students.   

It consists of a list of 60 letter strings and participants must decide whether a given 

string forms a correct English word or not. Correct English words on the test, such as 

“stoutly” and “turmoil”, have a mean frequency of 6.4 occurrences per million while 

nonwords, such as “rebondicate” and “interfate” are pronounceable adaptations of existing 

words and morphemes. The test takes under 5 minutes to complete, is offered for free and 

translations into other languages have been made available and assessed across different 

bilingual groups (Ferré & Brysbaert, 2017).  

As the test was designed for advanced speakers, it was used in the current work with 

both bilingual and monolingual participants, to highlight any distinct differences in 

proficiency amongst the groups. It should be noted that participants were not encouraged to 

respond quickly on this task, as accuracy here is considered more important than speed 

(Lemhöfer & Broersma, 2012). 

 

3.1.3. Verbal Fluency 

In verbal fluency tasks, participants are typically asked to provide as many words as 

possible that start with a given letter, or belong to a specific category, as they can in one 

minute. Variations can also include switching elements, for example having to name an item 

from one category before switching to another, then back to the first and so on. The verbal 

fluency task used in the current work was taken from the D-KEFS battery (Delis et al., 2001), 

which uses the letters F, A and S followed by “animals” and “boys names” categories and a 

“fruits/furniture” switching section. 
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This type of fluency task can act as a measure of language ability, particularly 

vocabulary knowledge and lexical access (Shao et al., 2014), in addition to numerous aspects 

of executive function (Troyer, 1997). Participants are required to search for appropriate 

words, limiting interference from irrelevant cognates or phonetically similar words, but also 

to keep track of their previous responses to prevent repetition, recruiting both updating and 

monitoring skills in the process. While both letter and category tasks require the use of 

semantic memory (Brucki et al., 2004), according to Friesen et al. (2015), the former places 

more emphasis on executive function. A category-based task encourages “clustering”, a 

search strategy in which items are semantically grouped by subcategory.  While there may be 

a smaller pool of potential items to choose from when compared to a letter task (i.e. every 

eligible word beginning with that letter), the task is made easier by naming, for instance, farm 

animals followed by pets. Thinking “cow”, leads easily into “pig” and “sheep” while “dog” 

would typically lead someone to think “cat”.  Thinking of words in terms of the letter they 

start with is not as consistent with semantic memory; we do not tend to store vocabulary 

items alphabetically.  

This task has been used frequently within the bilingualism and executive functioning 

literature. Bilinguals are often noted to produce fewer responses in a category-naming task, 

which could be due to differences in vocabulary size between the groups (Friesen et al., 2015; 

Gollan, Montoya & Werner, 2002). Sandoval et al. (2010) posit that this could be related to 

the nature of their bilingualism. Bilinguals essentially have an extra task within the task, 

where they have to retrieve words specifically from the target language and not their entire 

vocabulary, unlike monolinguals. They argue that when inter-language competition is limited 

in these tasks, bilinguals will generally perform better, supporting the idea that bilinguals do 

need to take time to select a language during production.   

Within the letter version, however, performance depends more strongly on executive 

function than in category fluency (Bialystok et al., 2008a). Here, bilinguals are often able to 

perform either at the same level as monolinguals (Paap et al., 2017) or outperform them when 

controls for vocabulary knowledge are put in place (Luo et al., 2010). Thus, it has been 

argued that a bilingual advantage in executive control can help these participants overcome 

any drawbacks related to lexical access (Bialystok et al., 2008a).  

 

Additional measures for the verbal fluency task 

Letter (e.g. F, A, S): Number of correct responses for each letter 

Category (e.g. Animals): Number of correct responses given for each category  
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Letter Average: Mean value of correct responses across all “letter” cues 

Category Average: Mean number of correct responses across all “category” cues 

Switching: Number of correct responses on the “switching” cue, in this case switching 

between naming fruits and pieces of furniture 

Category Switch Cost: The mean number of correct responses on the “category” cue, minus 

the number of correct responses on the switching cue. This measures the impact switching 

had on the score, so a lower result here reflects less of an effect of switching  

 

 

 

3.2. Inhibitory Control Tasks 

 
3.2.1. Antisaccade Task 

The antisaccade task, while being a widely accepted measure of general inhibitory 

ability (Karr et al., 2018), is specifically a test of prepotent response inhibition. This involves 

deliberate, active suppression of a habitual response and has been closely tied to frontal lobe 

functioning (Bialystok et al., 2006), forming a key component of the SAS model of executive 

functioning (Friedman & Miyake, 2004). 

In this task, a cue flashes onscreen before the target stimuli appears on the opposite 

side. Participants are instructed to inhibit a reflexive saccade toward the flashing cue and 

instead look in the other direction to where the target, an arrow, will appear. Using a 

keyboard, they must then respond with the direction in which the arrow was pointing. While 

it is often used in a clinical context, it is known to be a challenging task even for healthy 

control samples and it is expected that participants will repeatedly make mistakes (Hutton & 

Ettinger, 2006). It is also used in eye tracking research as it tests the production of voluntary 

eye movements, but the focus for the current work is the inhibition of the first reflexive 

response.  

Within the bilingualism literature, this task is used less frequently than others such as 

the Simon task. However, Bialystok et al. (2006) found an adult bilingual advantage on one 

version of their anti-saccade task involving a keyboard response, but not an earlier version 

reliant on eye movement. Eye movements are more rapid than keyboard responses and are 

more “automatic”, so the authors propose that the bilingual advantage here may only present 

itself later in processing, in more complex selection contexts. 
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3.2.2. Go/No-Go 

A go/no-go task is a measure of inhibition in which individuals respond with a key 

press to one stimulus and withhold the response for another. For example, a participant may 

be asked to press a button when they see the letter “K” appear on the screen, but not respond 

at all if a letter “H” appears instead of a “K”.   The task therefore measures their ability to 

manage the conflict between the two possible responses (Hester et al., 2004). 

This form of inhibitory control, “inhibition of a prepotent response” (Friedman & 

Miyake, 2004) or “response inhibition” (Green & Abutalebi, 2013), was of particular interest 

in Study 1 of the current work, which focused on response inhibition as described within the 

Adaptive Control Hypothesis (Green & Abutalebi, 2013; Kałamała et al., 2020). As with the 

other tasks used in this study, such as the Stroop task, bilinguals’ ability to manage conflict 

between languages could potentially cross over to management of other forms of irrelevant 

information. This is supported by Festman et al., (2010), who assigned bilinguals to groups 

based on their typical patterns of language switching. Those who would unintentionally 

switch between their languages were labelled “switchers”, while those with a higher level of 

control were “non-switchers”. Non-switchers maintained faster reaction times in a go/no-go 

task as well as better performance in a range of other cognitive tasks. 

While this task is common within the literature surrounding inhibition, it has been 

used less often with bilingual samples. While Emmorey et al. (2008) did find improved 

performance on a go/no-go task for adult bilinguals compared to monolinguals, this was only 

the case for unimodal bilinguals (those who use two spoken languages) and not bimodal (who 

use one spoken and one signed language). Both bilingual groups should have experience in 

monitoring conflict between languages, but bimodal bilinguals often speak and sign 

simultaneously and are not forced into selecting or attending to only one language at a time. 

This suggests that other aspects of a bilinguals’ language background influence their 

performance, i.e. the need to select and switch between their languages. 

 

3.2.3. Stop Signal Task (SST) 

In a stop-signal task, or SST (Logan, 1994, cited in Friedman et al., 2006), 

participants are instructed to respond to the stimuli with a button press response (go trials) or 

withhold the response when a stop signal is added to the stimuli (stop signal trials). This 

differs from a standard go/no-go task as the stop signal always appears after a go stimulus has 

already been displayed, so participants are forced to inhibit an in-progress, prepotent 

response. They are encouraged to respond as quickly as possible to avoid hesitation on stop 
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trials, which would create an advantage because they would see the stop signal before 

attempting to respond. This was ensured in the current work by ending the task prematurely if 

participants began to slow down their responses significantly. It is a challenging task, which 

may require constantly adjusting strategies as the task progresses in order to prioritise speed 

in “go” trials over accuracy in “stop” trials or vice versa (Verbruggen & Logan, 2008). 

This task has been used frequently within the bilingualism literature, but with mixed 

results. A number of studies have not found a bilingual advantage on the SST (Arizmendi et 

al., 2018; Massa et al., 2020). Colzato et al. (2008) showed bilingual advantages on two other 

inhibition tasks, but not in the SST, arguing that the tasks require different forms of inhibition 

and that bilinguals may only have an advantage in interference suppression, rather than the 

response inhibition measured by this task (see Section 4.4.2. for a more detailed discussion). 

This does not, however, account for findings with a bilingual advantage (Sorge et al., 2017; 

Warmington et al., 2019). As the version of the task used in the current work was designed to 

limit ceiling effects, any differences between language groups should be clear. The task will 

also be used alongside numerous measures of inhibitory control in order to examine which 

task demands, if any, are likely to lead to an advantage for bilinguals.  

 

3.2.4. Stroop 

In a traditional Stroop task, participants are shown colour words printed in various 

coloured fonts, either congruent (the written word matched the font colour) or incongruent (a 

colour word presented in a different colour from the word itself). They would be asked to say 

the colour of the text out loud as quickly as possible, ignoring their natural inclination to read 

the word. In some modern versions of the task, as in the current work, the stimuli are 

displayed on a screen with participants responding to the text colour via a keyboard response. 

It is considered a measure of inhibition or interference suppression (Aparicio et al., 2017; 

Bialystok et al., 2008). 

Specifically in the context of bilingualism, there is some evidence of a bilingual 

advantage in this task across different adult age groups and levels of bilingualism (Armstrong 

et al., 2019; Bialystok et al., 2008; Incera & McLennan, 2018; Suarez et al., 2014). Yow and 

Li (2015) found that balanced bilingual adults, those with comparable proficiency and 

frequency of use in each language, had an advantage in interference costs on their Stroop 

task. However, there are inconsistencies in the type of advantage demonstrated, whether it is 

specific to conflict trials or a more general advantage in reaction times across the task 

(Coderre & van Heuven, 2014a).   
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3.3. Task Switching 

 

3.3.1. Trail-Making Test (TMT) 

In the Trail Making Test (Reitan & Wolfson, 1993, cited in Bowie & Harvey, 2006), 

participants draw lines connecting labelled dots as quickly as possible. In Part A, the dots are 

labelled with numbers and participants must draw lines between each dot in ascending 

numerical order. Part B, however, asks them to switch: here they must connect the dots 

according to number and letter order, from 1 to A to 2 to B to 3 to C and so on. While 

relatively quick and simple, the task relies on both motor ability (which is why part A is 

required as a control) and language, as the numbers and letters are inherently tied to their 

names in a language.  This test measures processing speed, sequencing, and visual-motor 

skills in addition to mental, or cognitive, flexibility (Spreen & Strauss, 1998). Arbuthnott and 

Frank (2000) found correlations between the Part B:Part A ratio score and a set switching 

measure, concluding that the TMT requires attentional control to switch between tasks, 

suppressing a previously relevant set (e.g. number)  in favour of a new one (letter).  A 

bilingual advantage on the TMT has been found in children (Bialystok, 2010), but not in 

older adults in clinical samples of patients with Alzheimer’s disease or Mild Cognitive 

Impairment (Bialystok et al., 2014; Clare et al., 2016). The current work will expand on this, 

as the task does not frequently appear in the bilingualism literature, and will involve a non-

clinical sample of younger adults.  

 

Additional measures for the TMT 

TMT A: Time taken to complete part A, the non-switching section 

TMT B: Time taken to complete part B, the switching section 

TMT Difference: Time from TMT B minus time from TMT A; intended to measure the 

switch cost on this task and so a smaller score reflects a smaller effect of having to switch  

 

3.3.2. Wisconsin Card Sorting Task (WCST) 

The WCST (Heaton et al., 1993) is a measure of concept formation (Vega & 

Fernandez, 2010), shifting (Miyake et al., 2000) and conflict monitoring (Festman & Münte, 

2012).  Respondents are asked to place a card into one of four piles according to how they 

believe they match and are then told whether their response was correct or incorrect. The 

rules, which change in order after ten consecutive correct responses, are to match by colour, 

shape, or number of items on the card. The test is completed once six categories have been 
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completed successfully or after 128 total trials, whichever happens first.  This task is 

particularly challenging and the rules given are relatively vague, as the experimenter cannot 

indicate how the cards should be matched because this decision is part of the task. 

The WCST has been used extensively in executive functioning research, including 

studies involving bilingualism. Vega & Fernandez (2010) found a correlation between 

proficiency and WCST errors in children, leading them to the conclusion that language 

balance has a role in the bilingual advantage. Festman & Münte (2012) found that 

participants who had less interference between languages (therefore not switching languages 

unintentionally) showed better performance on the WCST and were faster when it came to 

adapting to the new rules, lending support to the idea that language switching is a key 

determiner of executive control advantages. However, results have not been consistent across 

studies; Kousaie et al. (2014), for example, found that age was a better predictor of WCST 

performance than bilingual experience in a sample of younger and older adults.  

 

Additional measures for the WCST 

Total correct: Number of correct responses overall (raw score) 

Total error: Number of incorrect responses (raw score) 

% Errors: Number of errors as a percentage of the total number of trials completed 

(standardised score) 

Number of perseverative responses: Number of responses identified as “perseverative”- 

cases in which the participant has continued to respond to a previous rule after a switch 

(standardised score) 

% perseverative responses: Number of perseverative responses as a percentage of the total 

trials completed (standardised score) 

Number of perseverative errors: Number of incorrect perseverative responses (standardised 

score) 

% perseverative errors: Percentage of total trials that were incorrect perseverative responses 

(standardised score) 

Number of nonperseverative errors: Number of errors that were not classed as perseverative 

(standardised score) 

% nonperseverative errors: Percentage of total trials that were nonperseverative errors 

(standardised score) 

Number of conceptual responses: Number of “conceptual level” responses, in which the 

participant was responding to the correct rule (raw score) 
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% conceptual: Percentage of total responses that are considered “conceptual level” responses 

(standardised score) 

Trials: number of trials taken to complete the task, with a maximum of 128 (raw score) 

 

 

3.4. Cued Switching Tasks 

 

3.4.1. Animacy and Size Judgement 

This animacy task is similar in design to the one previously used as a language task, 

but is not as common in the literature. It appears here as a measure of switching as in Paap et 

al. (2017). The main difference is the addition of “size” trials, in which participants had to 

judge whether the object would be bigger or smaller than a soccer ball. This allowed for 

“control” blocks of either animacy or size-based judgements, alongside mixed trials that 

switched between animacy and size trials. Word lists were taken from Friedman et al. (2008) 

and were used for both decision types. Examples included “table”, “shark”, “pebble” and 

“goldfish”, with a cue “heart” image indicating a living/non-living judgement and a “cross” 

image indicating a size decision.  

 

3.4.2. Colour Shape 

The colour-shape task used in the current project was modelled on that used by 

Miyake and Friedman (2012) and does not rely on language or verbalisation.  It is an example 

of shifting (or switching), a specific aspect of executive functioning which does not only 

require maintaining goal-related information, but also the flexibility to adapt to new task sets 

(Miyake & Friedman, 2012).  For this task, participants respond to either the colour or the 

shape of a stimulus presented on a screen. It consists of a control task with entire blocks of 

either colour or shape trials, with no mixing within blocks. The main task then has 

randomised colour and switch trials, where the target response type (colour vs. shape) is 

indicated by a cue.  

This measure was used by Prior and MacWhinney (2010), who found reduced switch 

costs in their young adult bilingual sample and attributed this to lifelong practice in shifting 

languages. While a great deal of earlier research had focused on inhibition in bilinguals, this 

study helped to shift attention to task switching. Since then, there have been a large number 

of attempts to replicate these results, but Paap et al. (2017) note in their review that few of 

these replications were successful. Later studies in the current work also sought to replicate 
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the earlier results from Prior and MacWhinney (2010), slightly altering the task design to 

match the task used by Paap et al. (2017).   

 

3.4.3. Language Switching 

This picture naming, or language switching, task involved selecting the correct name 

of an object from a set of options provided. For monolingual participants, this was a 

straightforward naming task. Bilingual participants, however, were required to switch 

between their languages to name each object according to a cue (the phrase “what is it?”) in 

the target language. They would then be presented with a picture from the MultiPic 

(Duñabeitia et al., 2018) library of images, which has an established set of correct responses 

available in English, French, Italian, Dutch, German and Spanish- all of which were used in 

Study 4. The options for object names were shown underneath the picture, with the correct 

response listed among distractor words also taken from the MultiPic set. 

Picture naming has been extensively used to examine how and why bilinguals rarely 

switch languages by accident during speech production, as well as the neural networks 

involved in language selection (Bialystok et al., 2012). It was implemented here to be used 

alongside participant’s self-reported frequency of language switching (FoLS) and to further 

examine the relationship between language control and executive control. In a study 

involving university-level language students, Linck et al. (2012) found a relationship between 

language switch costs in their picture naming task and inhibitory control, arguing that the 

latter leads to improved language switching. The task has shown different results between 

language learners, who tend to have higher switch costs when switching back to their L1, and 

proficient bilinguals who do not have these asymmetrical switch costs (Costa & Santesteban, 

2004). This, too, is likely related to inhibitory control. As an individual is speaking one 

language, they need to inhibit the other. The level of inhibition necessary to communicate in 

the competing language will differ by proficiency. For example, take an individual whose 

strongest language, their L1, is English and who is beginning to learn Spanish as an L2. If 

this person is focused on speaking Spanish, they will have to work harder to ignore 

interference from English, as that is their dominant language. Therefore, when switching 

back into English they would have to then reduce this strong inclination to inhibit English 

words, more than if the switch were in the opposite direction.  
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3.4.4. Letter Number 

The letter number task is a cued switching task, similar in design to the colour shape 

and animacy switching tasks. It is used to measure the “shifting” element of executive 

functioning as described by Miyake & Friedman (2012), which is the ability to shift between 

task sets. Participants are presented with a number/letter pairing (e.g. 6F or C5). They are 

cued to respond to either the letter, deciding whether it is a consonant or a vowel, or the 

number, indicating whether it is odd or even. As in the other cued switching tasks in the 

current work (colour shape and animacy switching), it consists of “control” blocks of either 

number or letter decisions as well as “mixed” blocks in which the cues can vary between 

trials.  

There are several examples of this measure being used with bilingual and 

monolingual samples. Zunini et al. (2019) found both behavioural and neural (ERP) 

differences in the task for their samples of older and younger adults. All bilinguals had 

smaller switch and mixing costs compared to their monolingual peers, despite similar results 

in accuracy, as well as larger N2 amplitudes throughout all task blocks.  While the evidence 

for a bilingual advantage in switching has been varied (Paap et al., 2017; Sörman et al., 

2019), Zunini et al. (2019) argue that the relative complexity of the letter number, when 

compared to similar switching tasks, may be the key to their results. In this task, participants 

must first attend to either the letter or number before making their decision, as opposed to, for 

example, the colour shape which has a single stimulus regardless of the condition.  

 

3.4.5. Response Switching 

A response switching “higher or lower” task was added to later versions of the battery 

to allow for a different switching requirement than the previous measures. Participants were 

asked to decide if a presented digit was higher or lower than 5. If the digit cue was red, then 

pressing the left shift key would indicate “lower”, while the right shift key would indicate 

“higher”. If the cue was green, these responses were switched; left for “higher” and right for 

“lower”. This meant that, instead of inhibiting a previous judgement rule, participants needed 

to adapt to changing response meanings. 

This “higher or lower” task has been used alongside, for example, an odd/even 

judgement in more traditional task-switching measures (Altmann, 2007; Arabacı & Parris, 

2020), similar to the letter/number task described previously. Response switching in this task, 

however, has not been examined in the context of bilingualism and is unique to the current 

work in this regard. 
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Types of trial on cued switching tasks 

Single trials: the easiest trials for participants, these were in “control” blocks of single 

categories (i.e. either animacy judgement or size judgement) with no switching 

Repeat trials: these occurred within a switching block, but belonged to the same category 

(i.e. animacy or size) as the previous trial, again with no switching required 

Switch trials: the most challenging trial type, these required a switch between categorising by 

animacy to categorising by size, or vice versa.  

 

Additional measures for cued switching tasks 

ES:  Efficiency scores, taken from Paap et al. (2017). Calculated by dividing RT by accuracy, 

meaning that a lower score indicated better performance accounting for any speed/accuracy 

trade-off. 

Local switch cost: calculated as the switch trial score for a given measure minus the repeat 

trial score. This indicates the cost of switching from one category to another within the 

switching block. Here, a higher score for reaction time or efficiency score switch costs 

indicates a stronger effect of switching (i.e. Participants were slowed down more by having to 

switch), whereas the reverse is true for accuracy: a lower score indicated a stronger switch 

effect.  

Global switch cost: comparing performance between the switching and single category 

blocks, this is calculated as the mean score in switching blocks minus the single trial score. A 

higher score in RT or ES reflects a stronger impact of switching, while for accuracy a lower 

score indicates a stronger switch effect.  

Mixing cost: designed to measure the impact of having mixed blocks on non-switching trials, 

this is calculated as the repeat trial score minus the single trial score. For RT and ES, a lower 

score shows less of a mixing cost, while again the opposite is the case for accuracy scores 

with a higher score showing a lower mixing cost.  

Response latencies: A switch cost taking group differences in response speed into account. 

Calculated by dividing local switch costs by the mean RT on repeat trials. 
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3.5. Further Measures 

3.5.1. Homographs 

This lexical interference task was developed to examine the inhibition of cross-

language activation in bilinguals. Both of a bilinguals’ languages are active simultaneously 

and so they must, in some way, correctly identify and attend to the relevant language for any 

given context. An example provided by Durlik et al. (2016) is the English sentence “she 

baked two pies”. “Pies” is a false cognate between English and Polish as, translated from the 

latter, the word means “dog”. A Polish speaker looking at the sentence would experience 

cross-activation of both the English and Polish meanings of the word and would somehow 

need to mitigate this competition before correctly determining the meaning of the sentence. 

The possible mechanisms for this are still under debate, though the authors focus largely on 

the Inhibitory Control Model (Green, 1998), discussed in detail elsewhere in this work. 

Briefly, the model suggests that bilinguals actively inhibit the irrelevant language in order to 

minimise this cross-activation.   

The homograph task, first developed for Spanish speakers, was revised by Durlik et 

al. (2016) into the English-Polish version used in the current work. It has not been frequently 

used in the context of “bilingual advantage” research. Participants are presented with two 

words on a screen and are asked to indicate whether the two words are semantically related. 

The task instructions and stimuli are all presented in English, but with some Polish-English 

homographs used to initiate cross-language activation in bilingual participants. For example, 

the word “pies” and “cat” are unrelated for an English speaker and so the correct response 

should be “no”, but if a Polish/English bilingual struggles to inhibit the irrelevant language, 

they may respond with “yes” as “dog” and “cat” are semantically related. 

  

3.5.2. Language History Questionnaire (LHQ) 

Measurements of proficiency and language use are notoriously difficult, as the context 

in which a language was learned can vary in a number of ways, not only between participants 

but within a single individual. One person may have learned their first language amongst 

family, while they may use their second language at work or school, so their proficiency may 

vary depending on context (Tomoschuk et al., 2019). “Bilingualism” as such cannot be 

measured using a single background variable, so researchers are encouraged to take a wider 

view of bilinguals’ language history into account (Luk & Bialystok, 2013; Luk & Pliatsikas, 

2016).  
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The Language History Questionnaire, or LHQ, was initially compiled from the most 

commonly used questions in bilingualism research, in order to provide a comprehensive 

summary of an individual’s language background as well as their self-reported proficiency in 

each of their languages (Li et al., 2006). The version used in the current work was an updated 

online interface (Li et al., 2014), allowing researchers to collect data using either the entire 

questionnaire or only select questions relevant to their project. The length of the 

questionnaire and the measures included varied between studies in the current work, as these 

were developed and improved upon as the project progressed. Each version used can be 

found in appendices A-C. It covers aspects of proficiency (including self-rated reading, 

writing, listening and speaking abilities), age of acquisition, the use of the language (how 

often and with whom the language is spoken) as well as the more subjective concept of 

cultural identification and how that is related to the languages spoken. While self-assessed 

proficiency ratings are more subjective, they have been shown to correlate with more in-

depth measures (Sabourin et al., 2014) and, alongside the other background variables covered 

by the LHQ, such as age of acquisition, they are helpful in narrowing down the very wide 

definition of a bilingual into operationalised groupings.  

A similar questionnaire frequently used within the literature is known as the Language 

Experience and Proficiency Questionnaire or LEAP-Q (Marian et al., 2007). It also covers 

aspects of participants’ language background such as when and how they learned each 

language and their relative proficiency. Despite the similarity between the measures in both 

content and length of the two questionnaires, the LHQ was selected for the current work for 

several reasons. Firstly, the questionnaire can be easily adapted by researchers using the 

online interface, so irrelevant questions can be removed. It then allows this version to be 

issued to participants with a personal link, if asking them to complete it remotely became 

necessary for future studies in the project. Finally, it also includes four common aspects of 

self-rated proficiency, across reading, writing, listening and speaking, while the LEAP-Q 

does not include a measure for writing.  

 

3.5.3. Raven’s Progressive Matrices (RPM) 

Raven’s Progressive Matrices were developed during the 1930s as a measure of 

Spearman’s “general intelligence” and are still widely used to assess fluid intelligence across 

a wide range of age groups (Raven, 2000). The task is non-verbal, which means it can be 

used as a measure of intelligence separate from language ability. The test used in the current 

work is a condensed version, including only the odd-numbered items from the standard test 
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as in Kałamała et al. (2020). The set of 18 matrices, all of which have one missing element, is 

a series of simple, black-and-white geometric designs that form a pattern, increasing in 

complexity as the test progresses. Participants are asked to decide which of 8 presented 

options completes the pattern in each matrix. It was used in the context of Study 1 in order to 

ensure that there was no significant difference between the groups in non-verbal intelligence.  

 

Measures for RPM 

Final score: Number of correct responses overall, with a highest possible score of 18. 
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3.6. Summary 

 
This chapter provided information surrounding the background of tasks used in the 

current work, including their previous use in the literature. Details of task designs, such as 

number of trials, are included in the individual study chapters. The following Table 2 

provides a guide to which of the tasks were used in each study of the current work.  

 

Table 2 

Guide to tasks used in each study 

Task Study 1 Study 2 Study 3 Study 4 
Animacy (Language)  ✓   
Animacy (Switching)   ✓  
Antisaccade ✓    
Colour Shape  ✓ ✓ ✓ 
Go/No-Go ✓    
Homographs ✓    
LHQ  ✓ ✓ ✓ 
Language Switching    ✓ 
Letter Number   ✓  
LexTALE ✓ ✓ ✓  
Raven’s Matrices     
Response Switching   ✓  
Stop Signal ✓    
Stroop ✓    
Trail Making  ✓   
Verbal Fluency ✓ ✓ ✓  
WCST  ✓   
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Chapter 4  

Study 1 

 

4.1. Introduction 

 

Research has found that bilinguals tend to have both languages continuously active to 

some extent and so it is necessary to have some kind of control mechanism to determine 

which language should be selected at any given moment (Hilchey & Klein, 2011). Due to 

evidence that neuroplastic change occurred in the bilingual brain (Mechelli et al., 2004) and 

that bilinguals could be more resistant to cognitive decline (Bialystok et al., 2007; Van den 

Noort et al., 2019b; Woumans et al., 2017), it was posited that these control mechanisms may 

not be language-specific and instead overlap with general executive control.  

This concept forms the basis of the Inhibitory Control (IC) Model by Green (1998). 

Here, it is suggested that a general “supervisory attentional system” helps to control language 

interference by moderating the suppression of one over the other. This process is reactive, 

meaning that if a word from the irrelevant language is strongly activated, the inhibition of 

that word becomes stronger to match. This is corroborated by evidence of switch costs in 

language switching tasks and especially differing switch costs for each language (Prior & 

MacWhinney, 2010; Declerck et al., 2017); if one is more dominant, this system would have 

to increase the level of inhibition to focus on the non-dominant language more so than in the 

reverse. This constant monitoring of relevance and adjusting inhibition, if part of a larger 

system of inhibitory control, should lend itself to an improved ability to direct attention 

appropriately to relevant information even in a non-linguistic context.   

While various inhibition tasks have been studied with bilingual samples, the most 

common are the Simon and flanker tasks. In the former, participants are asked to respond to 

physical properties of a stimulus (e.g. colour) by pressing the relevant response key. Conflict 

is introduced when the stimulus is presented on the incongruent side of the screen, for 

example, if a left key press indicates a red square, but the red square appears on the right 

hand side of the screen. Direction also plays a role in the flanker task, in which a series of 

arrows, pointing either to the left or to the right, are displayed. Participants must then indicate 

the direction of the centre arrow, which may be pointing in the same direction as the rest of 

the line, or in the opposite direction.  

Support for improved inhibitory control among bilinguals comes from a range of age 

groups. Bialystok (1999) found that bilingual children were significantly better than their 
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monolingual peers at inhibition on the Dimensional Change Card Sort task (DCCS). Carlson 

and Meltzoff (2008) found no bilingual advantages in their sample until background factors 

such as SES had been controlled for. It was then that relative bilingual advantages, 

particularly on the conflict measures within the task battery, became apparent and led the 

authors to the conclusion that bilinguals are able to do more with less. In other words, they 

are able to compensate for circumstances that may limit their EF ability. Evidence from older 

adult samples also shows improved inhibitory control (Bialystok et al., 2004; Salvatierra & 

Rosselli, 2011) in addition to a possible resistance to age-related cognitive decline (Bialystok 

et al., 2004; Craik, 2017).  

For young adults, studies have found a bilingual advantage in the ANT (Costa et al., 

2008), Simon (Bialystok, 2006) and Stroop tasks (Bialystok et al., 2008b). Work by 

Woumans et al. (2015a) found that young adult bilinguals of several different backgrounds 

(balanced, unbalanced and interpreters) demonstrated an advantage in the Simon task, as well 

as speed on the Attentional Network Task (ANT), compared to monolingual controls. The 

strength of the advantage varied across the bilingual groups, with balanced bilinguals and 

interpreters performing better than unbalanced bilinguals, but the results still indicated a clear 

bilingual advantage. Luk et al. (2011) found a bilingual advantage on the flanker task for 

individuals who had been exposed to a second language from a young age. A relatively large 

sample of almost 100 participants demonstrated a negative correlation between the amount of 

bilingual experience and flanker costs in response time.  

However, inconsistencies in the literature paint the picture that these potential 

advantages may be more elusive in younger samples (Heidlmayr et al., 2014; Hilchey & 

Klein, 2011). While both Salvatierra and Rosselli (2011) and Bialystok et al. (2005) found 

bilingual advantages in the Simon effect for older adults, this was not the case for their 

younger adult samples. Recent studies by D’Souza et al. (2018) and Desjardins et al. (2020) 

also did not find any language group differences for young adults in inhibitory control.  This 

lack of evidence has been attributed to either a ceiling effect in younger samples or that any 

advantage vanishes quickly after the monolingual sample has time to adjust to the task.  

The bilingual advantage in inhibitory control has also been challenged by authors 

such as Paap and Greenberg (2013), who found evidence for a bilingual disadvantage on the 

Simon task.  Similarly, there were no bilingual advantages found in a flanker task. They cite 

several other studies with either null or negative results on these tasks. In one case, several 

multilingual samples with different language backgrounds were compared with English-
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speaking monolinguals and no clear bilingual advantage was found within any group 

(Humphrey & Valian, 2012, cited in Paap & Greenberg, 2013). 

It has also been noted with several studies that differences are more likely to appear 

when tasks are more difficult or involve a higher level of monitoring (Morales et al., 2013). 

Costa et al. (2009) used different versions of a flanker task, some of which had repetitive 

blocks of multiple congruent or incongruent trials in a row and some of which switched more 

often between the two, requiring more monitoring. They found that the bilingual advantages 

were only present in the high-monitoring condition. These results indicate that varied task 

demands across studies, or even merely variation in the presentation order of trials, may have 

led to some of the inconsistencies in the literature. While still finding bilingual advantages to 

be present across multiple tasks, Woumans et al. (2015a) found that the nature of these 

advantages (i.e. congruency effects vs overall RT) differed across measures. This was noted 

by Miyake and Friedman (2012), who warned that different tasks may tap into different 

aspects of executive functioning. 

The aim of this pilot study was to examine the potential advantages for bilinguals in 

inhibition, piloting a set of inhibition tasks designed to reduce the specific issue of ceiling 

effects. A recently developed language inhibition task was also included, as the relationship 

between this task and general inhibition had not been frequently studied and remained 

unclear. The pilot recruited participants who were born in Poland and had moved to the 

United Kingdom as adolescents or adults. These individuals lived and worked in the Belfast 

area of Northern Ireland and so were fully immersed in an English-speaking environment. 

Using a variety of inhibition and language fluency measures, including some that are less 

common in the literature, the current work hypothesised that there would be a difference in 

inhibitory control between the bilingual and monolingual samples. The tasks were set up to 

be particularly challenging to limit ceiling effects. In addition to monolingual and bilingual 

differences, the relationship between inhibitory control and bilingual’s language inhibition 

was also explored, with the hypothesis that these would be significantly correlated.  

 

 

4.2. Methodology 

 
4.2.1. Participants 

There were a total of 46 adult participants in the current pilot, 23 of whom were 

native Polish speakers who had moved to the UK in addition to 23 monolingual English 
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speakers.1 Of the Polish participants, 8 considered English to now be their dominant 

language, while the remaining 15 considered Polish to be dominant. Polish-speaking 

participants were contacted through Polish community groups and events in Belfast, while 

monolingual participants were students and others connected to Queen's University Belfast. 

Students were given course credit and others were compensated £10 for their participation. 

 

4.2.2. Tasks 

Language tasks 

Verbal fluency: Although referred to as a "verbal" fluency task, in this case the 

responses were typed. This was adapted by Kałamała et al. (2021) to accommodate different 

typing speeds and allowed for a consistent testing environment across different laboratories in 

future planned work. As a measure of productive vocabulary, participants were asked to type 

as many words as possible that belonged to a certain category over the course of a 30 second 

"training" session and a 2-minute task. Proper names or repetitions of words (including with 

different endings) were not permitted. The categories were animals, fruit and body parts, with 

a single category allocated to each participant at random.  Bilingual participants completed 

this task in both of their languages, with different categories for each language. 

LexTALE: In each trial, a string of letters was presented on the screen that either 

formed a correct word in the participant’s dominant language, or a non-word that matched the 

spelling rules of the language (for example, by altering the letters of an existing word). 

Participants were asked to indicate whether they believed the item to be an existing word or 

not through keyboard responses (left shift key for a word, right shift key for a non-word). The 

item lists were taken directly from those provided by Lemhöfer & Broersma, (2012), with 40 

low-frequency words and 20 non-words in total. A Polish version of the task, based on the 

original and developed by Szewczyk and Wodniecka (2015) was administered to Polish-

dominant bilinguals. Although response times were recorded, participants were told that 

accuracy was more important than speed and so they were not given any time limits.  

 

Inhibitory control tasks 

Antisaccade: Participants were asked to indicate the direction of an arrow displayed 

on the screen (either left, right or down) using the arrow keys on a keyboard. The stimulus 

arrow was presented on either the left or right side of the screen, preceded briefly by a black 

 
1 Due to technical difficulties, demographic data for the participants (i.e. age, gender) was not available 



 52 

square on the opposite side. There was a training session of 10 trials in which feedback was 

provided, followed by a main task of 50 trials, with a time limit of 1650ms per trial. Measures 

of interest were the percentage of correct responses and the reaction time for correct 

responses on each trial type (i.e., congruent, incongruent or control). 

Go/No-go: In each trial, a square was presented on the screen. If the square was either 

green or orange, participants had to press the "enter" key on their keyboard. If the square was 

red, they were asked not to respond at all. There was no training session or feedback for this 

task, but it was broken down into five sections of 200 trials each, with breaks between 

sections. Of the 1000 trials, 750 showed a green square, 125 had an orange square and a 

further 125 had a red square. There was a time limit of 500ms per trial. Overall accuracy, as 

well as accuracy for go and no-go trials separately, were included in the analysis alongside 

reaction times.  

Stop Signal Task: Similarly to the go/no-go task, participants were asked to respond 

to two stimuli presented on screen. The left control key was pressed for a letter "O" and the 

right control for "X". They were told to respond as quickly and accurately as possible to these 

stimuli, but to stop their response if either letter was surrounded by a red circle ("stop" 

signal). This would occur after the initial stimulus had appeared, so the participant would be 

in the process of responding when the stop signal appeared.  

The interval between the presentation of the stimulus and the stop signal varied trial-

by-trial, starting at 150ms and increasing to as much as 400ms. When a participant 

successfully inhibited the "go" stimulus, the interstimulus interval (ISI) would increase by 

50ms, or it would decrease by 50ms after an unsuccessful trial. The aim here was to reach an 

ISI at which each participant had a success rate of approximately 50%.  

There were 1-3 training sessions of 24 trials each to ensure that the task procedure 

was properly understood, followed by a main task of four blocks, each with 50 trials. This 

task is particularly challenging, as participants are naturally inclined to slow their responses 

in order to wait for a stop signal. If this was the case for any particular individual, the task 

would automatically terminate and they would be asked to repeat this section of the 

experiment. As with the go/no-go task, the measures of interest were overall accuracy, 

accuracy on go and no-go trials and overall reaction time.  

Stroop: This task consisted of a training task of 24 trials and a main task of 252 trials 

in a single block, with a time limit of 1800ms per trial. In the training session, participants 

were shown a string of letters (HHHHHH) that were either red, blue, green or yellow. They 

were asked to respond to the colour of the text with a button press; Z or X (with their left 
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hand) for green or blue and N or M (with their right hand) for red or yellow. Key presses 

rather than verbal responses were used to ensure that the task remained consistent and simple 

to assess across different laboratories. A reminder of the response options was displayed 

along the bottom of the screen throughout the trials and feedback was given for incorrect 

responses. 

During the main session, feedback was no longer provided, although the response 

options were still listed on the screen. Instead of the string of letters, the main task displayed 

the words for colours (e.g. "Red”), presented in a randomised order. Participants were still 

required to respond to the font colour alone, ignoring the actual meaning of the word, so the 

word "green" written in blue should be answered with "blue". The button responses 

themselves were identical to those in the training session.  

 

Additional tasks 

Raven's Progressive Matrices: Participants were given 20 minutes to complete the 

pen-and-paper task. This was a shortened version of the standard test, with 18 matrices in 

total which increased in difficulty. Each matrix was a series of simple geometric designs in a 

specific pattern along rows and down columns. The task is to complete the pattern, selecting 

a missing section of the pattern from 8 options provided, for a highest possible score of 18.  

Homographs:  In this task, created by Durlik et al. (2016), participants were presented 

with two words on a screen and had to decide whether they were semantically related. 

Although the task was in English, there were some Polish-English homographs used to 

initiate cross-language activation. For example, the word “pies” and “cat” are not related in 

English, but "pies" is the Polish word for "dog" and so a failure to inhibit one language could 

result in an incorrect response.  Due to the nature of the task, it was only given to the Polish-

speaking participants as a measure of language inhibition.  Accuracy and reaction times were 

taken for three trial types: related (i.e. the English words were semantically related), unrelated 

(i.e. The words were unrelated) and distraction (i.e. The words were unrelated in English, but 

one of the items translated to a related Polish word).   

 

4.2.3. Procedure 

Ethical approval for this study was obtained from the School of Psychology Research 

Ethics Committee at Queen’s University Belfast. 

The tasks were completed in a single test session of approximately 1-1.5 hours, with 

breaks provided between tasks as needed. After participants read an information sheet about 
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the study, were informed of their right to withdraw at any time and were given the 

opportunity to ask any questions, they completed a consent form. Participants were also 

informed that their performance on the tasks, as well as any decisions to withdraw, would not 

affect their compensation. Bilingual participants were asked whether they considered English 

or Polish to be their dominant language and this was the language used for the task materials 

and instructions.  

The majority of tasks were presented using DMDX (Forster & Forster, 2003). All 

participants completed the verbal fluency task in their dominant language first, followed by 

the antisaccade task. Bilingual participants then repeated the verbal fluency task in their non-

dominant language, which was presented after the antisaccade in order to limit practice 

effects. Following on from this, all participants completed the LexTALE in their dominant 

language, the Stroop and the Go/No-Go task. The 7th task was Raven’s Progressive Matrices, 

which was completed and scored on paper. The final tasks were the stop-signal and, for 

bilingual participants only, the homographs task. 

 

 

4.3. Results 
 

The current pilot study measured accuracy and RT on a series of inhibitory control 

and language tasks, the number of correct items produced in a verbal fluency task and scores 

on Raven’s Progressive Matrices (RPM) for a group of English-speaking monolinguals (ML) 

and Polish-English bilinguals (BL). Scores on the RPM measure suggest that there was no 

confound of fluid intelligence between the language groups, as there were no significant 

differences between monolinguals (M =10.91, SD = 3.45) and bilinguals (M = 11.08, SD = 

2.17), F(1,45) = 0.04, p > .05. Full results of a one-way, between groups ANOVA comparing 

monolinguals and bilinguals on each of the tasks can be found in Table 3. Bayes factors (BF), 

which indicate the relative probability of the null and alternative hypotheses (Etz & 

Wagenmakers, 2017; Paap et al., 2017; van Doorn et al., 2020), were calculated using JASP 

(Love et al., 2015). A Bayes factor between 0 and 3 suggests anecdotal evidence for an 

alternative hypothesis, between 3 and 10 suggests moderate evidence while strong evidence 

is indicated by a BF of over 30 (Rouder et al., 2009).   
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Data Handling 

Some of the participants were unable to complete all measures for the pilot study. 

This is particularly apparent for the stop signal task, which was designed to end if a 

participant’s response times did not remain consistent. This occurred for four of the 

monolinguals and one bilingual. In the remaining tasks, one monolingual was excluded from 

the antisaccade due to low accuracy (< 5%), one bilingual did not complete the LexTALE 

and another bilingual did not complete the Stroop task. Participant numbers for each task can 

be seen in Table 3. 
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Table 3 

ANOVA comparing monolinguals and bilinguals on language and executive function measures 

Measure Monolingual Bilingual         
 

  n Mean SD n Mean SD df F p BF η2 
Language 

           

LexTALE 
           

Accuracy 23 0.92 0.05 22 0.74 0.11 1,43 47.85 0.00 > 100 0.53 
RT 23 726.81 299.06 22 1455.93 811.32 1,43 16.28 0.00 > 100 0.28 
Verbal Fluency 

           

No. correct  23 27.30 7.96 23 23.04 4.52 1,44 4.99 0.03 2.09 0.10 
No. errors 23 0.30 1.46 23 0.09 0.29 1,44 0.49 0.49 0.36 0.01 
No. repetitions 23 0.22 0.42 23 0.26 0.62 1,44 0.08 0.78 0.30 0.00 
  

           

Inhibition 
           

Antisaccade 
           

Accuracy 22 0.70 0.16 23 0.66 0.17 1,43 0.50 0.48 0.36 0.01 
Accuracy (Congruent) 22 0.74 0.20 23 0.78 0.21 1,43 0.35 0.56 0.34 0.01 
Accuracy (Incongruent) 22 0.66 0.20 23 0.62 0.23 1,43 0.36 0.55 0.34 0.01 
Accuracy (Control) 22 0.70 0.22 23 0.60 0.22 1,43 2.16 0.15 0.70 0.05 
RT 22 744.36 113.83 23 732.10 121.49 1,43 0.12 0.73 0.31 0.00 
RT (Congruent) 22 746.56 134.48 23 709.41 125.40 1,43 0.92 0.34 0.43 0.02 
RT (Incongruent) 22 754.55 143.25 23 755.42 148.15 1,43 0.00 0.98 0.29 0.00 
RT (Control) 22 752.98 134.62 23 754.55 129.43 1,43 0.00 0.97 0.30 0.00 
Go/No-Go 

           

Accuracy 23 0.87 0.18 23 0.86 0.21 1,44 0.03 0.86 0.30 0.00 
Accuracy (Go) 23 0.90 0.21 23 0.88 0.26 1,44 0.04 0.84 0.30 0.00 
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Measure Monolingual Bilingual         
 

  n Mean SD n Mean SD df F p BF η2 
Accuracy (No-Go) 23 0.64 0.16 23 0.66 0.20 1,44 0.14 0.71 0.31 0.00 
RT 23 301.85 37.20 23 315.36 50.11 1,44 1.08 0.31 0.45 0.02 
RT (Go) 23 290.98 58.32 23 303.56 62.04 1,44 0.50 0.48 0.36 0.01 
Stop Signal                     

 

Accuracy 19 0.78 0.10 22 0.77 0.10 1,39 0.18 0.67 0.33 0.01 
Accuracy (Go) 19 0.90 0.12 22 0.92 0.12 1,39 0.27 0.61 0.34 0.01 
Accuracy (No-Go) 19 0.42 0.11 22 0.31 0.17 1,39 5.65 0.02 2.69 0.13 
RT 19 498.39 90.41 22 593.25 138.48 1,39 6.51 0.02 3.68 0.14 
RT (Go) 19 506.06 92.58 22 602.02 137.62 1,39 6.63 0.01 3.85 0.15 
Stroop                     

 

Accuracy 23 0.93 0.07 22 0.87 0.14 1,43 2.82 0.10 0.91 0.06 
Accuracy (Congruent) 23 0.96 0.07 22 0.92 0.12 1,43 2.50 0.12 0.80 0.06 
Accuracy (Incongruent) 23 0.88 0.08 22 0.81 0.19 1,43 2.74 0.11 0.88 0.06 
RT 23 796.37 88.55 22 835.69 155.34 1,43 1.10 0.30 0.46 0.03 
RT (Congruent) 23 721.69 85.51 22 787.33 153.48 1,43 3.18 0.08 1.04 0.07 
RT (Incongruent) 23 919.55 107.23 22 921.14 174.85 1,43 0.00 0.97 0.30 0.00 
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4.3.1. Language Measures 

LexTALE 
Monolinguals (M = 91.94, SD = 5.36) outperformed bilinguals (M = 74.29, SD = 

10.95) in accuracy on the LexTALE, F(1,43) = 47.85, p < .001, which is a measure of 

advanced vocabulary knowledge in each participant’s dominant language. Although reaction 

time was not considered important for this task, and participants were encouraged to take 

their time with responses, there was also a significant difference in RT between the groups, 

with monolinguals (M = 726.81, SD = 299.06) responding faster than bilinguals (M = 

1455.93, SD = 811.32) on average, F(1,43) = 16.278, p < .000.  A Bayesian ANOVA 

strongly supported both of these results (Bayesian ANOVA of the scores between groups: 

BF10 > 100).  

Bilingual participants completed the LexTALE in the language they considered to be 

their dominant (either Polish or English) and a t-test was used to test for differences between 

these two bilingual groups. Polish-dominant bilinguals (M = 78.14, SD = 6.52) scored higher 

on average than their English-dominant peers (M = 68.72, SD = 13.85), t(20) = -2.15, p = 

.003 (BF10 = 1.82). However, the Polish-dominant bilinguals (M = 78.24, SD = 6.52) still had 

significantly lower scores than the monolingual group (M = 91.94, SD = 5.36), t(34) = 6.859, 

p < .001 (BF10 > 100), when those who completed the LexTALE in their second language 

were removed from group comparisons.  

 

Verbal Fluency 

This task required participants to list as many items as possible that fit into one of 

three assigned categories: animals, body parts or fruits and vegetables. The average number 

of responses for each category and group can be seen in Table 4. There were no significant 

differences in performance across the conditions for either monolinguals or bilinguals.  

Table 4  

Mean number of correct responses for each verbal fluency condition 

Condition Monolinguals Bilinguals 

 Mean SD Mean SD 

Animals 27 7 25 7 

Body parts 32 10 22 3 

Fruits & vegetables 24 6 23 2 
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There was evidence (BF10 = 2.09) for a group difference in verbal fluency 

performance when bilinguals responded in their dominant language. Monolinguals (M = 27.3, 

SD = 7.96) produced a higher number of correct responses on average than bilinguals (M = 

23.04, SD = 4.52), F(1,44) = 4.988, p = .031.  However, there were no significant differences 

between the groups in either the number of errors or repetitions on the task. There were also 

no significant differences in performance based on the category assigned to each participant. 

As bilingual participants completed this task in both of their languages, a comparison 

was made between their performance in their self-described dominant (L1) and their non-

dominant (L2) languages using a paired samples t-test. There was no significant difference 

between L1 (M = 23.04, SD = 4.52) and L2 (M = 21, SD = 5.89) correct responses, t(22) = 

1.53, p >.05 (BF10 = 0.6), suggesting that the participants’ fluency in each of their languages 

was relatively balanced. 

 

4.3.2. Inhibitory Control 

Antisaccade 

This task required participants to respond to the direction of arrows presented on 

either a congruent or incongruent side of the screen. Control trials, in which the arrow 

pointed down instead of left or right, were also included in the analysis. There were no 

significant differences in overall accuracy between monolinguals (M =  0.698, SD = 0.16) and 

bilinguals (M = 0.664, SD = 0.166), F(1,43) = 0.5, p > .05 (BF10 = 0.361). This remained the 

case when the results were separated by trial type, which can be seen in Table 3. For overall 

RT on the task, monolinguals (M = 744.36, SD = 113.83) and bilinguals (M = 732.1, SD = 

121.49) did not differ significantly, F(1,43) = 0.92, p > .05 (BF10 = 0.31). Again, there were 

no significant group differences when results were separated by trial type.  

 

Go/No-Go 

In the go/ no-go task, participants were asked to respond with a key press when a 

green or orange square was presented on a screen (go trials), but to withhold their response if 

the square was red (no-go trials). There were no significant differences between 

monolinguals (M = 0.87, SD = 0.18) and bilinguals (M = 0.86, SD = 0.21) in accuracy on this 

task, F(1,44) = 0.03, p > .05 (BF10 = 0.296), even when separated by trial type (see Table 3). 

There were also no significant differences in RT on the task between monolinguals (M = 

301.85, SD = 37.2) and bilinguals (M = 315.36, SD = 50.11), F(1,44) = 1.079, p > .05 (BF10 = 

0.45). 
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Stop Signal  

The stop signal task was similar in design to the go/no-go, except that a “stop” signal 

appeared over the cue after a participant began to respond, therefore requiring them to inhibit 

a response that was already in progress.  There were no significant differences between 

monolinguals (M = 0.78, SD = 0.1) and bilinguals (M = 0.77, SD = 0.1) in overall accuracy, 

F(1,39) = 0.18, p > .05 (BF10 = 0.33). However, there was a monolingual (M = 0.42, SD = 

0.11) advantage in no-go trial accuracy compared to bilinguals (M =0.31, SD = 0.17), F(1,39) 

= 5.654, p = .02 (BF10 = 2.69).  Monolinguals (M = 498.39, SD = 90.41) had shorter reaction 

times on average than bilinguals (M = 593.25, SD = 138.48), F(1,39) = 6.508, p = .015, with 

the Bayesian ANOVA suggesting relatively moderate support (BF10 = 3.68) for this 

monolingual advantage. 

 

Stroop  

In this task, participants were asked to respond to the font colour of a word presented 

on the screen. The word would either be congruent (i.e. a colour word that matched the font 

colour) or incongruent (i.e. a colour word presented in a different font colour). There were no 

significant differences in accuracy between monolinguals (M = 0.93, SD = 0.07) and 

bilinguals (M = 0.87, SD = 0.14), F(1,43) = 2.82, p > .05 (BF10 = 0.91). 

While monolinguals (M = 796.37, SD = 88.55) were faster on average than bilinguals 

(M = 835.69, SD = 155.48), this difference was not significant for overall RT, F(1,43) = 1.1, 

p > .05 (BF10 = 0.46). There was anecdotal evidence for a monolingual advantage (M = 

721.69, SD = 85.51) compared to bilinguals (M = 787.33, SD = 153.48) in RT on congruent 

trials according to the Bayesian ANOVA (BF10 = 1.04), but this was not significant in the 

frequentist analysis, F(1,43) = 3.18, p > .05. There were no other significant group 

differences on this task. 

 

4.3.3. Inhibitory Control and Language Inhibition 

Homographs task 

Bilingual participants completed a measure of language inhibition, the homographs 

task, which consisted of three trial types: related (in which the two English words presented 

were semantically related), unrelated (the words were not semantically related) and 

distraction (the words were not semantically related in English, but one of the words 

translated to a related word in Polish). One participant did not complete this measure and is 

therefore not included in this analysis.  
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Accuracy and RT data for each condition can be seen in Table 5. There were no 

significant differences in accuracy between related and unrelated trials or between related and 

distraction trials. There was, however, a significant difference in accuracy between unrelated 

(M = .8, SD = .25) and distraction trials (M = .58, SD = .43), t(1,22) = 2.15, p = .04 (BF = 

1.49), meaning that participants were affected by the Polish language interference. For 

reaction times, participants were slower to respond to related trials (M = 1352.17, SD = 

233.66) than to unrelated trials (M = 1267.89, SD = 201.67), t(1,22) = 3.86, p = .001 (BF = 

40.93). There was also a significant difference between unrelated trials (M = 1267.89, SD = 

201.67) and distraction trials (M = 1439.87, SD = 302.58), t(1,22) = -3.06, p = .006 (BF = 

7.84), indicating that participants were slower to respond correctly when presented with a 

Polish distraction word.  

Table 5 

Accuracy and RT data for each homograph trial type 

  Mean SD 

Accuracy 0.79 0.25 

Related  0.79 0.27 

Unrelated 0.80 0.25 

Distraction 0.58 0.43 

RT 1259.01 197.63 

Related  1352.17 233.66 

Unrelated 1267.89 201.67 

Distraction 1439.87 302.58 

 

 

There were significant correlations with two of the IC measures, the antisaccade and 

go/no-go, while correlations with the other IC tasks were not significant.  

Antisaccade: Accuracy on related homograph trials was negatively correlated with 

RT on congruent antisaccade trials [r(20) = -.478, p = .02]. Homograph RT correlated 

negatively with antisaccade accuracy, r(20) = -.466, p = .03, and accuracy on incongruent 

antiscaccade trials, [r(20) = -.622, p = .002]. There was also a negative correlation between 

RT on related homograph trials and accuracy on incongruent antisaccade trials, [r(20) = -

.444, p = .04]. This indicates that faster responses on the language inhibition task were related 
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to higher accuracies in the antisaccade, particularly on incongruent trials requiring inhibitory 

control.   

Go/No-Go:  Overall accuracy on the homographs task was positively correlated with 

overall accuracy on the go/no-go task, [r(20) = .497, p =.02], as well as accuracy for go trials 

specifically, r(20) = .478, p = .03. Accuracy on related homograph trials also correlated with 

overall GNG accuracy, r(20) = .495, p = .02, and accuracy on go trials, r(20)  = .480, p = .02. 

Finally, accuracy on unrelated homograph trials was correlated with overall GNG accuracy, 

r(20) = .479, p = .02, and with accuracy on go trials, r(20) = .460, p = .03. This suggests that 

language inhibition was related to go/no-go accuracy, despite the lack of an advantage for 

bilinguals on this measure when compared to monolinguals. 

 

 

 

4.4. Discussion 
 

In this pilot study, a group of monolingual English speakers were compared to 

Polish/English bilinguals on a set of inhibitory control and language tasks. It was 

hypothesised that the two groups would differ in inhibitory control performance, due to 

previous literature discussing a bilingual advantage in measures such as the Attentional 

Network (Costa et al., 2008, Woumans et al., 2015a), Simon (Bialystok, 2006; Salvatierra & 

Rosselli, 2011) and flanker tasks (Costa et al., 2009; Luk et al., 2011). The current work 

included antisaccade, go/no-go, stop-signal and Stroop tasks and, in addition to language 

group comparisons, the relationship between bilingual performance on these tasks and on a 

language inhibition task was examined.  The results were largely null, except for language 

group differences on the stop signal task and the two language measures - all of which 

indicated a monolingual advantage.  

 

4.4.1. Language Measures 

Monolinguals outperformed bilinguals in both accuracy and reaction time on the 

LexTALE measure of receptive vocabulary. Reaction time here should be considered less 

telling than accuracy, as all participants were told to take their time with the task. Receptive 

vocabulary here was used as a proxy for fluency and, as the sample was likely comprised of 

late learners of English, the difference between this group and native English speakers was 

not surprising.  The task is intended as a measure of high-level vocabulary knowledge and 
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was designed with fluent speakers specifically in mind (Lemhöfer & Broersma, 2012). It may 

have been useful to include a self-assessment of language level to indicate whether this level 

of testing was appropriate for each participant. 

In the typed adaptation of the typical verbal fluency task, monolinguals again 

outperformed bilinguals and were able to produce more words matching the task 

requirements within the time limit. This version of the verbal fluency only included a 

category section, intended as a measure of lexical access. Participants were required to list as 

many items as possible belonging to a certain category. Most versions of this task have an 

additional “letter” section in which their responses must all begin with a specified letter. It 

has been noted in the literature that bilinguals do tend to underperform in category, or 

semantically-based, naming tasks but can compensate for this and “catch up” with 

monolinguals in a letter task (Paap et al., 2017). Category fluency depends more strongly on 

lexical access, which is typically poorer in bilinguals (Gollan et al., 2002). As this task was 

intended as a language measure, only the category fluency aspect was included in this pilot. 

Later studies in the current work examine bilingual performance on both letter fluency and a 

category switching aspect of the task.  

Taken together, the verbal fluency and LexTALE results demonstrate that the 

monolingual sample had a significantly higher ability in vocabulary measures than their 

bilingual counterparts. The LexTALE was completed in each participant’s self-described 

dominant language (either English or Polish) and the verbal fluency was conducted in both 

languages. There was no significant difference in performance on the verbal fluency task 

between the participant’s dominant and non-dominant languages. Although the Polish-

dominant bilingual participants scored higher on the LexTALE than those who completed the 

task in English, their scores were still lower than those of the monolingual group. This 

bilingual disadvantage in linguistic tasks has often been reported in the literature (Bialystok 

& Luk, 2012; Portocarrero et al., 2007; Schroeder & Marian, 2012) and could be due to 

language interference (Sandoval et al., 2010). Ivanova and Costa (2008) found that these 

differences occur even when bilinguals are using their first, dominant language, which was 

also the case in the current work. This is a common extension of the difficulty in matching 

monolingual and bilingual samples (as discussed in Chapter 2) and would therefore be 

difficult to overcome through participant recruitment alone. Later studies in the current work 

will incorporate further proficiency measures to address this variation and account for it in 

the analysis.  
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4.4.2. Inhibitory Control 

Group differences were found for RT and “no-go” trial accuracy in the stop signal 

task (SST). Designed to measure response inhibition specifically, this was set up similarly to 

a go/no-go task, except that participants would have already initiated a “go” response when 

asked to stop. The task was, according to participant experiences, the most difficult of the 

battery and was adapted automatically according to each individual’s normal performance. In 

order to prevent ceiling effects and push for significant performance differences to be clear, 

this task was particularly difficult and was programmed to end prematurely if performance 

was not consistent (i.e., if participants’ responses began to slow in anticipation of a “stop” 

signal). Fewer participants were able to complete it (19 of 23 monolinguals and 22 of 23 

bilinguals) and thus results may have been slightly skewed, although the differences found in 

reaction times were in favour of the smaller monolingual group.  

While the monolingual accuracy advantage was centred around “no-go” trials, which 

rely more heavily on inhibitory control, RT on this task is more indicative of “go” 

performance as all “no-go” trials ran until the time limit. The “no-go” accuracy rates were 

therefore more relevant to the question of inhibitory control and these were low for both 

groups (42% for monolinguals and 31% for bilinguals), ruling out the possibility of ceiling 

effects. As the task was not language-based, there is no clear reason for a monolingual 

advantage to be present. Evidence from Sorge et al. (2017), in a childhood sample, and 

Warmington et al. (2019), in a university student sample, indicated a bilingual advantage on 

the measure but this has not been a consistent finding in the literature. Colzato et al. (2008) 

found no conclusive evidence for a bilingual advantage on the SST, although their other 

results suggested that bilinguals were more capable of managing conflict according to task 

goals in more reactive measures of inhibition.  Response inhibition is considered to be 

distinct from interference suppression, although both are discussed under the umbrella term 

of “inhibitory control” (Jiao et al., 2019). The former relates to the ability to inhibit responses 

that do not fit task demands while the latter is the ability to ignore information that is 

irrelevant to the task (Bunge et al., 2002). There is evidence that bilingualism may have an 

impact on neural correlates for interference suppression, but not for response inhibition (Luk 

et al., 2010) and that the extent of any bilingual advantage may differ across the two types of 

task (Bialystok, 2017; Jiao et al., 2019).   

There were no significant differences between the groups in either accuracy or RT for 

the go/no-go task. Here, participants were told to respond to green or orange squares 

appearing on the screen (“go” trials), while ignoring red squares (“no-go” trials) to test 
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response inhibition. Bilingual advantages have been found for children on this task using both 

behavioural and electrophysiological measures (Barac et al., 2016) as well as an auditory 

version of the task (Foy & Mann, 2014). Jiao et al. (2019) found a bilingual advantage for 

young adults in a high-demand version of the go/no-go task, but not in a version with lower 

working memory demands. This suggests that the bilingual advantage may only be present 

under certain conditions, especially for adult samples, such as in the current pilot study, 

where both groups would be likely to reach peak performance.  

The remaining tasks in the battery, the antisaccade and Stroop tasks, both showed a 

slight monolingual advantage in accuracy, although no group differences were statistically 

significant for either accuracy or RT. Paap and Greenburg (2013) used the antisaccade task in 

a battery of EF tasks which all failed to demonstrate a bilingual advantage, even when 

background variables such as language fluency were taken into account. A bilingual 

advantage, when found in this task, appears to be attenuated by confounding variables 

(Hartanto & Yang, 2019; Ouzia et al., 2019) and can vary by bilingual experience (Henrard & 

Van Daele, 2017; Liu et al., 2019), but these variables were not explored in the current pilot 

study. 

Results with respect to the Stroop task have been mixed, with no bilingual advantages 

found for the Stroop effect in multiple studies (Bellegarda & Macizo, 2021; Kousaie & 

Phillips, 2012). Bialystok et al. (2008b) noted that a bilingual advantage found on their 

Stroop task was more pronounced in their older adult sample than with young adults, 

suggesting that overall performance was higher for younger participants in general. As the 

current work involved mostly younger adults, as opposed to children or elderly adults, it 

could be argued that the null findings here were more related to age than bilingual status. 

However, the mean accuracies for the task in this study were not high enough to suggest that 

the participants had reached peak performance. 

The current findings are similar to results from Dunabeitia et al. (2014), who provide 

strong evidence against a bilingual advantage in conflict resolution or inhibition. They 

employed a large, carefully-matched sample of over 500 children of different ages and found 

no clear effect of bilingualism, even with other background variables taken into account. 

They found a single congruency effect in a classic Stroop task, but not in a numerical version. 

This could indicate a more general executive functioning advantage, but the authors were 

hesitant to accept this interpretation as error rates for the task were low, meaning that group 

differences were difficult to recognise.  
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There have been suggestions in the literature that advantages may lie in more general 

executive functioning, rather than being limited to inhibitory control specifically. While 

bilinguals can excel at conflict resolution and monitoring (Carlson & Meltzoff, 2008; Costa et 

al., 2008; Rodriguez-Pujadas et al., 2013), this may only be the case under specific 

circumstances which have yet to be determined, such as under certain task demands or for 

specific bilingual groups.  Further, some work has only found an advantage in general 

reaction time rather than inhibitory control (Costa et al., 2009; Hilchey & Klein, 2011; 

Kousaie & Phillips, 2012). This suggests that, rather than having improved inhibition on a 

trial-by-trial basis (and therefore being affected by the congruency of stimuli), bilingual 

participants may be better at monitoring attention throughout challenging tasks. This is still 

consistent with the theory by Green (1998) that there is a general system for monitoring 

conflict that interacts with bilingual control, the difference here being that the monitoring is 

applied relative to the overall task difficulty.  This is compounded by evidence that inhibitory 

control may not, in fact, be separable from general executive control (Miyake & Friedman, 

2012) and that bilinguals also appear to be more competent at set shifting, among other 

executive control functions (Hilchey & Klein, 2011). The latter point in particular is the focus 

of later studies, which will include measures of task switching, a function noted by Miyake 

and Friedman (2012) to be more separable from general control than inhibition.  

 

4.4.3. Language Inhibition 

One key aspect of work in this area has continued to be the extent of individuals’ 

bilingual backgrounds, so this pilot study also examined the impact of language inhibition 

ability. It has been theorised (Abutalebi & Green, 2013; Green, 1998) that the benefits of any 

bilingual advantage in inhibitory control will be related to how often an individual is required 

to inhibit language interference on a daily basis. A homographs task (Durlik et al., 2016) was 

used to determine how quickly participants could overcome interference from a non-target 

language in semantic decision-making. Results from this measure were not correlated with 

the IC measures, with the exception of accuracy on the no-go task, for which there was a 

moderate positive correlation with homographs accuracy, and antisaccade accuracy, for 

which there were negative correlations with homographs RT. 

Freeman et al. (2017) used a different lexical decision task to assess language 

competition. Spanish-English bilinguals were asked to determine if a word was an existing 

word or a nonword after hearing an auditory prime. Decreased competition on this task was 

related to improved performance on a Stroop task, although bilinguals and monolinguals did 
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not differ in Stroop performance. The current work did not find such a connection, though the 

bilingual samples in the two studies differed in their background, as Freeman et al. (2017) 

recruited participants with an early age of L2 acquisition and the current sample were largely 

late learners of English.  

The current task itself provided a successful interference effect, as there were 

significant differences in both accuracy and reaction times between “distraction” and 

“unrelated” trials. While it would have been of interest to compare this task to other measures 

of EF, it was not possible to include it in later studies. Studies 2-4 expanded the participant 

sample to a wider range of bilingual backgrounds (including over 40 languages) and so it was 

not feasible to create a version of this measure for the entire group. As an alternative, 

measures of language switching were added to the procedures of studies 3 and 4. 

 

4.4.4. Overall Discussion  

In conclusion, this pilot study failed to indicate a difference between bilinguals and 

monolinguals in inhibitory control, contradicting previous work advocating for a bilingual 

advantage. While the established monolingual advantage on lexical tasks (Bialystok & Luk, 

2012; Portocarrero et al., 2007; Schroeder & Marian, 2012) was present, there was also a 

monolingual advantage in a stop signal task intended to measure response inhibition. It was 

expected that this task in particular would highlight any bilingual advantage, as it was 

designed to avoid the pitfall of ceiling effects in young adult samples. Correlations between 

bilingual performance on the IC measures and on a language inhibition task were also largely 

null, suggesting that skill or experience in attending to one language over another did not lead 

to improved domain-general inhibitory control.  

 

The current work suffered from a small sample size, which became more limited 

when some tasks were not completed by every participant. This is a wider problem within the 

literature, as many studies have been criticised for limited sample sizes (Paap & Greenburg, 

2013). To compound these issues surrounding participant recruitment, not a lot is known 

about the current bilingual sample in terms of language background. Data regarding their 

language history or ability were unavailable, though most bilingual participants were late 

learners of English. Many of these participants had learned English in school, but only 

became immersed or focused on the language fully upon moving to the UK later in life. 

However, all participants were able to live and work in the UK, which indicates a relatively 

high level of English. Unfortunately, this information is merely speculation based on personal 



 68 

discussions with participants during the testing process and has not been confirmed with 

written data. With more background information from participants and a larger sample, 

perhaps these results would have been able to provide more insight into the nature of the 

bilingual advantage.  

As there is evidence that the level of bilingual advantage may vary between groups 

with different bilingual experiences (Luk et al., 2011), this information would be crucial to 

future work. Aspects such as proficiency and age of second language acquisition (Archila-

Suerte et al., 2015; Tao et al., 2015) as well as the number of years spent actively using the 

language (Luk et al., 2011) are all key measures and can impact the perceived advantages. 

Thus, later studies in the current work will include these details of participants’ language 

experience. This pilot study, and a series of others focused on the area of inhibitory control 

(Dunabeitia et al., 2014), did not indicate a bilingual advantage and, in fact, found a 

disadvantage on some measures. Despite nearly two decades of research on the topic, it is 

still not clear how or why a bilingual advantage manifests (Hilchey & Klein, 2011). For this 

reason, later studies in the current work will use different measures with the anticipation of 

finding more variation between groups. Study 2 aims to explore differences between 

monolinguals and bilinguals on tasks outside of inhibitory control, specifically in task 

switching. As the current work progresses, larger samples, participant questionnaires and 

additional tasks will be used to help provide more insight into the nature of the bilingual 

advantage.  
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Chapter 5 

Study 2 

 

5.1. Introduction 

 

In light of the results of the previous study, and further evidence against a bilingual 

advantage in inhibition, it was decided to expand the focus of the current work from pure 

inhibitory control. Shifting, referred to in the literature as “task switching”, was the function 

of interest for the current study and is defined as the ability to switch flexibly between task or 

mental sets (Friedman et al., 2008). Unlike inhibitory control, which largely overlapped with 

general executive function, task switching was a distinct and separable contributor in an 

analysis by Miyake et al. (2000).  A typical task switching paradigm will require a participant 

to learn responses related to two different cues, for example organising by shape or by colour. 

Then the RT costs associated with having to switch between the two tasks at irregular 

intervals are calculated (see Figure 1). 

Similar processes are described by both language switching and general switching 

literature (Declerck et al., 2017). Prior and MacWhinney (2010) argue that the challenge 

presented by a task switching paradigm mirrors the situation of bilinguals naming objects. 

Both require some kind of control mechanism to correctly select from competing responses 

and both rely on mental shifting. Meuter and Allport (1999) described this process in terms of 

“task schemas” which are used to direct behaviour towards a certain goal and that are part of 

a general executive control model rather than one that is specific to language switching. The 

Inhibitory Control Model by Green (1998) puts forward a similar concept, except that the 

process is then taken over by a language-specific system that is influenced by task schemas. 

Evidence from fMRI research has shown that brain activation during both task and language 

switching show a large overlap (De Baene et al., 2015). Garbin et al. (2010) found that 

bilinguals and monolinguals utilised different neural networks in switching tasks, even when 

the task was non-linguistic in nature. Bilinguals relied more heavily on brain areas typically 

related to language control. 

There is a pattern in previous research of a bilingual reduction in switch costs (Garbin 

et al., 2010; Prior & Gollan, 2011; Prior & MacWhinney, 2010), indicating that bilinguals 

were better at activating a relevant task set when responding to a cue and that they recovered 

faster from any residual interference from the previous trial set. These effects have been 

found in children (Barac & Bialystok, 2012) as well as older adults (Gold et al., 2013; 
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Houtzager et al., 2017), but have been replicated less often in younger adult samples 

(Wiseheart et al., 2016). One influential exception to this is work by Prior and MacWhinney 

(2010), in which it was found that local switch costs for young adult bilinguals on a colour-

shape task were lower than those of their monolingual peers. In their version of a colour 

shape task, Stasenko et al. (2017) also found a bilingual advantage in local switch costs for 

university student participants. However, group differences lessened with practice and the 

strength of differences varied when the interval between the cue and target was manipulated. 

Wiseheart et al. (2016) found a bilingual advantage for young adults in global switch 

costs, but not in local switch costs. Local switch costs are the difference between switch and 

repeat trial RTs within a switching block and global switch costs are the difference in overall 

RTs in switching blocks and single cue, control blocks. As global switch costs reflect skills 

such as active maintenance of task sets, planning and sustained attention, they suggested that 

these skills may be more impacted by the bilingual experience than the general response 

preparation reflected by local switch costs (Wiseheart et al., 2016). 

As with the literature surrounding inhibition, there is a lack of consistency in the 

results of task switching studies. After Prior and MacWhinney’s (2010) study, work began to 

show less support for the concept, such as Tare and Linck (2011) who found no significant 

differences in task switching between carefully matched monolingual and bilingual groups. 

Paap and Greenburg (2013) recruited bilingual participants who switched languages regularly 

and found no significant differences in non-linguistic task switching. Paap et al. (2017) 

presented a summary of colour-shape switching results across 17 studies and found that Prior 

and MacWhinney’s (2010) results were replicated in only one instance.  

Paap and Greenburg (2013) provided two arguments behind these inconsistencies: 

either that bilingual advantages are real or, alternatively, that they are simply artefacts. In the 

first argument, these inconsistencies are the result of critical differences in task setup and 

bilingual populations across studies. Alternatively, if positive results are merely artefacts, 

they may be due to Type I errors or demographics. Bilingualism is notoriously difficult to 

isolate as a variable, as bilingual samples are more likely to also differ in culture (Bialystok, 

2001a; Carlson & Meltzoff, 2008), SES (Archila-Suerte et al., 2015; Morton & Harper, 2007; 

Naeem et al., 2018) and educational level (Engel de Abreu et al., 2012). In either case, the 

point made by Prior and Gollan (2011) remains true: it is not simply enough to provide one 

bilingual and one monolingual group. Further demographic and language history information 

must also be provided to put a bilingual advantage, if one should exist, into context.  
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Prior and Gollan (2011) recruited participants from two specific groups of participants 

with different language switching patterns. While they also found smaller task-switching 

costs for some bilinguals when compared to monolinguals, this difference was not consistent 

across both bilingual populations. A group of Spanish-English speakers who switched 

languages often in their daily lives demonstrated the bilingual advantage, while Mandarin-

English speakers who switched languages less frequently did not. They therefore argued that 

only habitual language switching lends itself to improved general switching ability. Soveri et 

al. (2011) also found that regular language switching could predict lower task switch costs. 

Declerck et al. (2017) found moderate to strong correlations between task and language 

switch costs and suggested that methodological differences in some studies may have hidden 

the correlations between them, leading to an underestimation of the overlap in the two 

processes.  De Bruin et al. (2015) took a different approach, comparing monolinguals with 

bilinguals who either regularly used both of their languages (active bilinguals) or those who 

primarily used a single language (inactive bilinguals). There were smaller task switching 

costs for the active than for the inactive bilinguals, who performed comparably to the 

monolingual participants.  

A key takeaway from these results is the importance of providing additional variables 

in analyses, such as language proficiency, demographic variables and patterns of language 

use. It is hoped that with more information about participants’ backgrounds, the 

circumstances affecting any bilingual advantage can be better understood. Including these 

variables in the analysis became part of the rationale of the current work, the aims and 

hypotheses of which were as follows: 

 

1. Assess differences between monolingual and bilingual groups in a variety of task 

switching measures. 

This study moved away from the inhibitory control focus of Study 1 and so a new 

series of tasks was introduced. Here, the goal was to use a variety of tasks, using different 

modalities, to establish where any bilingual advantages would be most apparent. Details of 

these tasks are discussed in Chapter 3, but they included two measures of English language 

ability, an animacy judgement task and the LexTALE, as well as a language-based switching 

component in a verbal fluency task. Further switching tasks were the colour shape, Trail 

Making Test (TMT) and the Wisconsin Card Sort Test (WCST). The TMT and WCST are 

established measures of switching (Arbuthnott & Frank, 2000; Miyake et al., 2000), while the 

colour shape in particular has been frequently used in this area and has exhibited language 
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group differences in the past (Prior & MacWhinney, 2010; Wiseheart et al., 2016). The 

switching aspect of the verbal fluency task may allow bilinguals to “catch up” with their 

monolingual peers and compensate for differences in lexical access (Bialystok et al., 2008a).  

The results were analysed in a one-way ANOVA with language group (bilingual or 

monolingual) as the between-subjects factor. It was hypothesised that bilinguals would 

demonstrate lower switching costs than their monolingual peers, except in the case of verbal 

fluency. Here, bilinguals may be at a disadvantage in semantic, category-based trials without 

a switching requirement, but perform comparatively in trials which rely more heavily on 

executive functioning (i.e. letter-based and switching trials).  

 

2. Examine task switching differences between clearly defined monolingual and bilingual 

samples. 

The availability of more background information than in study 1 allowed the 

monolingual and bilingual groups to be split according to their language background. In some 

cases, functional monolinguals may have learned or used a second language extensively at 

some point in the past and bilinguals may not use both languages in a balanced manner. This 

is an extension of the difficulty of defining a bilingual accurately in the first place (Garcia-

Penton et al., 2016) but can be mitigated by creating gapped groups of monolinguals (with 

little to no language learning experience) and “higher level” bilinguals (with extensive 

bilingual experience), excluding participants who fall in between these definitions. Again, the 

analysis took the form of a one-way ANOVA with the new gapped groups and it was 

hypothesised that any bilingual advantage would be more apparent in this, more distinct 

group. 

 

3. Examine the relationship between task switching performance and different bilingual 

background variables. 

Using a larger number of participants from multiple countries and cultures and by 

collecting more detailed information from them, it would now also be possible to assess the 

impact of bilingual background variables which had often been neglected in earlier work 

(Pliatsikas & Luk, 2016).  A language history questionnaire (Li et al., 2006) gathered data 

specifically related to the age at which the L2 was acquired (AoA), self-rated L2 ability, the 

number of hours on average spent speaking the L2 and the number of contexts in which the 

L2 was used during daily life. It was hypothesised that these data would be related to the 

bilingual participants’ task switching performance, for instance a younger age of acquisition 
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may lead to a stronger bilingual advantage. As this was the first time the LHQ was used 

during the current project, this study would allow us to assess the suitability of the given 

questions. Later work in the project would adapt and add to the questionnaire to create more 

targeted demographic data.  

 

 

5.2. Methodology 
 

5.2.1. Participants 

The current sample consisted of 34 English-speaking monolinguals and 65 bilinguals 

of varied language backgrounds and nationalities (see Table 6 for descriptive statistics).  

There was no significant difference in age between the monolinguals (M = 21.97, SD = 5.89) 

and bilinguals (M = 22.02, SD = 4.34), t(97)  = -.043, p > .05. The sample was largely made 

up of both undergraduate and postgraduate students of Queen's University Belfast, with a 

small number of staff or members of the public unconnected to the university who learned of 

the research through word of mouth or external advertising. The majority of monolinguals 

were Psychology students who received course credit for participation, while the bilinguals 

were additionally recruited through advertisements, both around the university and externally, 

and were paid £10 for participation. 

Bilingual participants spoke English in addition to one or more of the following 

languages: Arabic (4 participants), Catalan (1), Chinese (55), Dutch (1), French (8), German 

(4), Greek (1), Haitian Creole (1), Hindi (3), Indonesian (1), Irish (1), Italian (1), Japanese 

(5), Korean (2), Malay (29), Pashto (1), Polish (1), Punjabi (2), Russian (2), Sanskrit (1), 

Spanish (7), Tajik (1), Tamil (1) and Urdu (3). Details of the bilingual groups’ background 

can be seen in Table 10, which shows the mean age of acquisition and years of use for their 

first (L1) and second (L2) languages. Ability in each skill (listening, speaking, reading and 

writing) was self-rated on a 7-point scale and averaged to find an “overall” ability rating for 

each participant.  

Some members of the monolingual sample had previously learned other languages to 

a high level or had lived in a country where they were required to speak a foreign language 

for a period of 3 months or more. Although they were functionally monolingual (and had 

been for some time) at the time of testing, their presence in the sample may have impacted 

upon group differences. Similarly, some of the bilingual sample reported lower proficiency in 

their L2 than others. In previous literature it has been common practice to remove bilinguals 
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with a self-rated ability lower than 4 on a 7-point scale (Paap et al., 2017). After excluding 

these participants, two groups remained: monolinguals who had never learned a foreign 

language outside of school and high-proficiency bilinguals. These participants were included 

in a follow-up “gapped groups” analysis.   

 

Table 6  

Descriptive statisitcs for monolingual and bilingual groups 

Group N Female Male Age (Mean) Age (SD) 

Monolingual 34 29 5 21.97 5.89 

Bilingual 65 50 15 22.02 4.34 

Gapped groups 
     

Monolingual 32 28 4 21.91 5.98 

Bilingual 54 43 11 22 4.59 

 

 

5.2.2. Tasks 

Language Tasks 

Animacy Judgement: Participants responded to words on the screen according to 

whether they represent a living or non-living thing.  In this task, created using DMDX, the 

right "shift" key indicated a living thing and the left "shift" key was used for non-living 

things. A short 500ms fixation was shown between each trial and the time limit for a response 

was 6000ms. A set of 8 practice trials were presented before a main task of 64 trials. Both 

accuracy and reaction times for each trial were recorded by the program.  

LexTALE: Here, the online version of the LexTALE (Lemhöfer & Broersma, 2012) 

was used. Participants were presented with a string of letters and indicated, by clicking on a 

button, whether they thought that the letters formed a correct English word. In total, there 

were 60 letter strings, with 40 existing words and 20 non-words. 

Response times were not taken for this task and participants were specifically told to 

take time in considering their answers. A percentage accuracy score was then emailed to the 

researcher by the online system. 

Switching Tasks 

Verbal Fluency: Administered as directed in the DKEFS battery, this task had 3 

sections: letter fluency, in which participants must name as many English words starting with 
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a specific letter as possible; category fluency, in which they must list as many words as 

possible that belong to a certain category and category switching, which requires them to 

switch between two categories of items. Responses were recorded using a dictaphone so that 

they could be transcribed and checked for accuracy at a later point.  

In this study, as in the D-KEFS battery, the letters used were F, A and S; the 

categories were "animals" and "boy's names", and the participants were asked to switch 

categories between “fruits” and “furniture”: naming one fruit, one piece of furniture then 

another fruit and so on. Repetitions (including words with different endings), proper nouns 

and number words (e.g. "five” or "forty") were not permitted. Each new letter or category 

section lasted for one minute.  

Colour-Shape: The colour-shape task used here was modelled on that used by Miyake 

and Friedman (2012) and asked participants to respond to either the colour or the shape of a 

stimulus presented on a screen. Using DMDX, a cue was presented, either a colour wheel 

indicating that a “colour” response was needed or a black set of shapes to indicate a “shape” 

response was needed. The stimulus (either a square or circle, coloured either red or green) 

appeared either until the participant responded or until 600ms had elapsed. Participants 

needed to press the right shift key to respond to both red stimuli and squares, or the left shift 

key for either green stimuli or circles.  

The first set of 60 trials was a control task, later referred to as Part A. Here the blocks 

each consisted purely of either 30 colour or shape trials, without mixing. There was a practice 

round of 12 trials, with feedback, before the participants completed one block of “pure 

colour” and one block of “pure shape” trials, presented in a random order. Examples of each 

trial type are illustrated in Figure 1. After completing this, participants were informed that the 

task was to become slightly more challenging and that colour and shape trials would be 

presented alongside one another. Following another 12 practice trials with feedback, the main 

task (two blocks of 70 trials each) required responding to either the colour or the shape of the 

stimulus in a randomised order. During breaks between trials, a reminder of the response keys 

was displayed. 

 

 

Figure 1   

Layout of the colour shape task 



 76 

 
 

 

Trail Making Test (TMT): This pen-and-paper task asked participants to draw lines 

connecting labelled dots as quickly as possible. In Part A, the dots were labelled with 

numbers and participants drew lines between each dot in ascending numerical order. In part 

B, the dots are labelled with both letters and numbers. They were asked to connect the dots 

while switching between number and letter order, i.e. from 1 to A to 2 to B to 3 to C and so 

on. The time taken to complete part A and part B individually were taken during testing and 

the difference between these times was calculated. From start to finish, the task took less than 

5 minutes to complete.  

Wisconsin Card Sort Test (WCST): This task was administered using the traditional 

apparatus and instructions (Heaton et al., 1993), which are deliberately vague as the 

participants must work out the rules as they complete the task.  Four "key" cards were placed 

on a table in front of the participant, showing different shapes in different colours and number 

layouts (a single red triangle, 2 green stars, 3 yellow crosses and 4 blue circles). Participants 

placed a card from a deck under one of the key cards according to how they believed they 

matched and were then told whether their response was correct or incorrect. They then 

continued matching cards in this manner, being given feedback after each placement while 

the researcher noted their responses and accuracy on a scoresheet. The rules, which were not 

revealed to the participant and changed in order after ten consecutive correct responses, were 

to match by colour, shape, or number of items on the card. The test was completed after six 

rule changes had been completed successfully or after 128 total trials, whichever happened 

first.  
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Bilingual Background  

Language History Questionnaire: At the end of the experimental session, all 

participants, both monolingual and bilingual, completed the standard online version of the 

LHQ (Li et al., 2006), which asked for self-ratings of reading, writing, listening and speaking 

abilities alongside other bilingual experiences (e.g. which countries they had previously lived 

in). These answers were recorded by the system, which could then be accessed later by the 

researcher. Self-rated ability was used to separate participants for a “gapped groups” analysis, 

including only “high level” bilinguals and monolinguals who had minimal experience with a 

second language. Additional questions focused on background variables which could have an 

impact on the bilingual advantage: the age at which an individual was first exposed to their 

second language (age of acquisition or AoA); the number of years they have spent using each 

language; the number of contexts in which they used each language (with friends, family, 

colleagues or classmates) and the approximate number of hours per day spent engaging with 

each of their languages.  

 

5.2.3. Procedure 

Ethical approval for this study was obtained from the School of Psychology Research 

Ethics Committee at Queen’s University Belfast. 

Participants were given an information sheet about the study and an opportunity to 

ask any questions before being asked to sign a consent form. The study took place in a 

laboratory consisting of three enclosed computer cubicles and a larger room with desks for 

groups. The majority of participants completed the verbal fluency task with an experimenter 

recording their responses, then moved on to the computer-based tasks (animacy judgement, 

colour shape, LexTALE) and finally completed the Trail Making Test and Wisconsin Card 

Sorting Test with the experimenter back in the main room. All tasks had a written set of 

instructions which were either read to the participant or presented on screen for computer-

based tasks. The enclosed stations allowed for two participants to take part at the same time, 

with the aid of an assistant who was trained in administering the tasks. In this case, one 

participant completed the verbal fluency, TMT and WCST in the main room while the second 

completed the computer tasks in a closed cubicle, switching places when both were finished. 

The session lasted approximately 90 minutes, with breaks allowed between tasks. 

 

5.3. Results 
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5.3.1. Initial ANOVA  

The aim of the current work was to assess the differences in performance between 

monolingual and bilingual groups on a series of executive functioning tasks. An initial one-

way ANOVA was conducted in SPSS with dependent variables including accuracy (% 

correct), reaction times (in ms) and reaction time switch costs on two language measures and 

three switching tasks, in addition to the number of correct responses on a verbal fluency task. 

Additional scores for the Wisconsin Card Sorting Task (WCST) are defined in Section 3.3.2. 

In addition, Bayes factors (BF) were calculated using JASP (Love et al., 2015) and can be 

seen alongside the ANOVA results in Table 7. According to Rouder et al. (2009), BFs 

between 3 and 10 can indicate moderate evidence in favour of an alternative hypothesis, with 

strong evidence suggested by a BF of 30 or higher.  

Accuracy rates on the computer-based tasks were high, averaging over 95% for the 

group as a whole on the animacy task. However, there were several outliers in the colour-

shape task due to participants misunderstanding the instructions or response keys. These were 

made apparent by low scores on either colour or shape blocks - the control task that required 

participants to respond to purely colour or shape stimuli with only two possible response 

keys. As this was the simpler part of the task, the majority of participants scored over 80% 

and scores lower than this, or those who achieved less than 50% accuracy on the main 

switching task, were excluded from the analysis. This filter was applied to all colour shape 

analyses, leaving data for a participant sample of 30 monolinguals (of the original 34) and 61 

(of 65) bilinguals. 
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Table 7 

ANOVA results for study 2 

Task ML BL df F p BF10 η2 
  n mean SD n mean SD 

     

Animacy accuracy 34 96.59 2.98 65 94.63 4.53 1,97 5.20 0.03 2.12 0.03 
Animacy RT 34 662.73 93.19 65 777.54 199.63 1,97 10.06 0.00 16.34 0.07 
Colour shape accuracy 30 95.14 3.67 61 96.12 2.88 1,89 1.94 0.17 0.54 0.02 
Colour shape RT 30 682.04 180.89 61 829.17 275.11 1,89 7.06 0.01 4.69 0.07 
Colour shape global switch cost 30 -10.47 139.99 60 66.47 178.78 1,88 4.25 0.04 1.44 0.05 
Colour shape local switch cost 30 104.17 86.77 61 139.27 129.52 1,89 1.80 0.18 0.51 0.02 
Colour shape repeat trial accuracy 30 96.58 2.92 61 97.40 2.49 1,89 1.95 0.17 0.54 0.02 
Colour shape repeat trial RT 30 630.85 170.22 61 760.65 250.00 1,89 6.57 0.01 3.83 0.07 
Colour shape switch trial accuracy 30 93.75 4.82 61 94.86 3.98 1,89 1.36 0.25 0.42 0.02 
Colour shape switch trial RT 30 735.03 199.83 61 899.91 313.23 1,89 6.91 0.01 4.41 0.07 
LexTALE accuracy 30 86.29 10.52 55 74.14 14.85 1,83 15.74 <.001 >100 0.14 
TMT part A 34 23.00 8.16 65 25.72 9.81 1,97 1.91 0.17 0.51 0.02 
TMT part B 34 45.67 12.57 65 45.95 17.65 1,97 0.01 0.94 0.22 0.00 
TMT difference 34 22.67 11.29 65 20.24 12.64 1,97 0.89 0.35 0.33 0.01 
Verbal fluency letter  34 11.91 3.80 65 11.93 3.25 1,97 0.00 0.98 0.22 0.01 
Verbal fluency category 34 24.09 4.72 65 18.87 4.98 1,97 25.42 <.001 >100 0.19 
Verbal fluency category switching 34 15.00 4.32 65 14.63 2.47 1,97 0.29 0.59 0.25 0.00 
Verbal fluency category switch cost 34 -9.09 6.50 65 -4.24 4.07 1,97 20.76 <.001 >100 0.16 
WCST % conceptual responses 34 92.76 17.30 63 98.19 13.19 1,95 2.99 0.09 0.82 0.01 
WCST % perseverative responses 34 89.79 13.02 63 93.25 10.76 1,95 1.97 0.16 0.53 0.00 
WCST % perseverative errors 34 93.59 15.43 63 98.29 16.81 1,95 1.82 0.18 0.49 0.01 
WCST % nonperseverative errors 34 95.59 25.13 63 102.10 15.53 1,95 2.48 0.12 0.66 0.02 
WCST % errors 34 95.76 18.92 63 100.87 14.26 1,95 2.24 0.14 0.59 0.01 
WCST number of trials 34 96.00 24.08 65 90.91 20.74 1,97 1.20 0.28 0.38 0.00 
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Language Tasks 
Percentage accuracy scores were higher in the animacy task for monolinguals (M = 

96.59, SD = 2.98) than for bilinguals (M = 94.63, SD = 4.53), F(1,97) = 5.201, p = .025, 

although a BF of 2.1 suggests only anecdotal support for this difference. Reaction times on 

this task were also faster in the monolingual group (M = 662.73, SD = 93.19) compared to the 

bilingual group (M = 777.54, SD = 199.63), F(1,97) = 10.061, p = .002, supported by a BF of 

16.3. The animacy task is a measure of lexical access and so this indicates a difference in 

English proficiency between the groups.  

Monolinguals (M = 86.29, SD = 10.52) also outperformed bilinguals (M = 74.14, SD 

= 14.85) in the percentage of correct responses on the LexTALE, F(1,83) = 15.741, p < .000 

(BF10> 100). As the LexTALE is a measure of vocabulary knowledge, this is also indicative 

of differences in English proficiency across the groups.  Participants were encouraged to take 

their time while completing this task and so RT was not included in the analyses. 

 

Switching Tasks 

Trail Making Test (TMT) 

It was hypothesised that monolinguals and bilinguals would perform differently in 

measures of switching (see Table 7 for full results). However, this was not the case for the 

TMT, where there were no significant differences between the groups in time taken to 

complete either section. The time difference between the sections, which indicated the cost of 

switching, also did not significantly differ between the groups.  

Wisconsin Card Sort Test (WCST) 

For the WCST, there were no significant differences between monolinguals and 

bilinguals in any of the measures. In other words, the number of trials taken to complete the 

task, the number of correct responses and the number of errors (of any type) were similar 

regardless of language background.  

Colour Shape 

For the colour shape switching task, overall reaction times were faster for 

monolinguals (M = 682.04, SD = 180.89) than bilinguals (M = 829.17, SD = 275.11), F(1,89) 

= 7.057, p = .009 (BF10 = 4.69) suggesting a monolingual advantage on this measure, 

although there were no significant differences in overall accuracy. Broken down into switch 

and repeat trials, there remained a significant difference between the groups in reaction time. 

In switch trials, monolinguals (M = 735.03, SD = 199.83) were faster than bilinguals (M = 

899.91, SD = 313.23), F(1,89) = 6.908, p =. 01 (BF10  = 4.41). In repeat trials, monolinguals 
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(M = 630.85, SD = 170.22) once again outperformed bilinguals (M = 760.65, SD = 250), 

F(1,89) = 6.569, p =.012 (BF10  =3.83). 

The global switch cost in reaction times was lower for monolinguals (M = -10.47, SD 

=139.99) than for bilinguals (M =66.47, SD = 178.78), indicating that the monolinguals were 

less affected by switching overall, F(1, 88) = 4.245, p = .042 (BF10  = 1.44). These results 

suggest a monolingual advantage in the cued switching task, regardless of trial type and 

including global switch costs, contrary to the hypotheses. There were no significant group 

differences in local switch costs, however, which is the cost of switching between trial type 

within the switching block itself and illustrates the ability to monitor conflict on a trial-by-

trial basis.  

Verbal Fluency 

For the verbal fluency task, the mean numbers of correct responses for each trial type 

are provided in Table 8. There were no significant differences between groups in the “letter” 

section, for which it was hypothesised that there would be a bilingual disadvantage.  In the 

“category” section, which combined average scores for both categories (names and animals), 

monolinguals (M = 24.09, SD = 4.72) produced a higher number of correct responses than 

bilinguals (M = 18.87, SD = 4.98), F(1,97) = 25.418, p < .001 (BF10>100).  While there were 

no significant differences between the groups in the switching condition, the category switch 

cost was higher for monolinguals (M =-9.09, SD = 6.5) than for bilinguals (M = -4.24, SD = 

4.07), F(1, 97) = 20.756, p < .001 (BF10>100). This suggests that, although the monolingual 

group initially provided more correct responses, they were more impacted by the need to 

switch categories than the bilingual group.  

Table 8  

Mean number of correct responses for each verbal fluency section 

  Monolingual Bilingual 

Condition Mean SD Mean SD 

F 12 4 12 4 

A 10 5 10 5 

S 14 4 13 4 

Animals 25 6 25 6 

Names 23 5 17 6 

Fruits/Furniture 15 4 15 4 
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5.3.2. Gapped Groups 
In the current sample, some monolinguals reported having past experience with 

speaking another language and some of the bilinguals reported low proficiency in their L2. 

As this could potentially obscure any group differences, a second aim of the current work was 

to compare differences between unambiguous groups. As in Paap et al. (2017), participants 

were separated into a group of 32 monolinguals (with no language learning experience 

outside of school) and 54 “high level” bilinguals (with a self-rated L2 ability of 4 or above on 

a 7-point scale). The analysis was repeated as above, excluding individuals who did not 

belong to either of these groups. Again, there were some outliers excluded from the colour 

shape task which resulted in a smaller sample of 51 bilinguals and 28 monolinguals. Full 

results of a one-way ANOVA comparing the performance of “gapped group” monolinguals 

and bilinguals on all measures can be seen in Table 9. 
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Table 9  

Gapped groups ANOVA results for study 2 

Measure ML BL df F p BF10 η2  
n mean SD n mean SD 

     

Animacy accuracy 31 96.52 3.11 54 94.89 4.03 1,83 3.79 0.06 1.40 0.03 
Animacy RT 32 663.72 93.94 54 778.01 197.09 1,84 9.45 0.00 12.52 0.08 
Colour shape accuracy 28 95.28 3.67 51 96.13 2.85 1,77 1.32 0.26 0.88 0.02 
Colour shape RT 28 684.87 187.03 51 822.05 277.65 1,77 5.46 0.02 2.29 0.07 
Colour shape global switch cost 28 3.04 130.94 51 81.63 180.37 1,76 4.10 0.05 1.38 0.05 
Colour shape local switch cost 28 99.08 87.04 51 131.52 135.03 1,77 1.31 0.26 0.49 0.02 
Colour shape repeat trial accuracy 28 96.79 2.75 51 97.49 2.39 1,77 1.40 0.24 0.84 0.02 
Colour shape repeat trial RT 28 636.39 174.74 51 757.50 252.14 1,77 5.10 0.03 1.82 0.06 
Colour shape switch trial accuracy 28 93.81 4.92 51 94.77 4.05 1,77 0.88 0.35 0.75 0.01 
Colour shape switch trial RT 28 735.47 207.09 51 889.02 315.72 1,77 5.34 0.02 2.34 0.07 
LexTALE accuracy 28 87.01 10.53 48 73.31 14.82 1,74 18.44 <.001 >100 0.18 
TMT part A 32 23.48 8.14 54 25.84 9.81 1,84 1.32 0.25 0.41 0.02 
TMT part B 32 45.28 12.18 54 46.94 18.38 1,84 0.21 0.65 0.25 0.00 
TMT difference 32 21.80 10.52 54 21.10 13.44 1,84 0.06 0.80 0.24 0.00 
Verbal fluency letter  32 12.08 3.85 54 11.97 3.23 1,84 0.02 0.88 0.23 0.00 
Verbal fluency category 32 24.36 4.70 54 18.99 4.80 1,84 25.52 <.001 >100 0.23 
Verbal fluency category switching 32 15.09 4.39 54 14.83 2.37 1,84 0.13 0.72 0.25 0.00 
Verbal fluency category switch cost 32 -9.27 6.67 54 -4.16 4.02 1,84 19.69 <.001 >100 0.18 
WCST % conceptual responses 32 93.31 17.62 52 98.40 12.35 1,82 2.42 0.12 0.66 0.01 
WCST % perseverative responses 32 89.13 12.96 52 92.85 10.74 1,82 2.03 0.16 0.56 0.01 
WCST % perseverative errors 32 92.97 15.62 52 97.75 17.18 1,82 1.64 0.20 0.48 0.01 
WCST % nonperseverative errors 32 96.72 25.26 52 102.83 15.29 1,82 1.91 0.17 0.53 0.02 
WCST % errors 32 96.44 19.18 52 101.19 13.84 1,82 1.74 0.19 0.49 0.01 
WCST number of trials 32 94.59 24.02 54 91.28 20.74 1,84 0.46 0.50 0.28 0.00 
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Language Tasks 

For the animacy task, in contrast to the initial analyses, the gapped groups ANOVA 

did not show a significant difference in accuracy between monolinguals and bilinguals, 

alongside a small BF of 1.4.  Reaction times on this task, however, remained faster in the 

monolingual group (M = 663.72, SD = 93.94) compared to the bilingual group (M = 778.01, 

SD = 197.09), F(1,84) = 9.453, p = .003 (BF10>12.52).  

In the case of the LexTALE, monolinguals (M = 87.01, SD = 10.53) again 

outperformed bilinguals (M = 73.31, SD = 14.82) on the LexTALE, F(1,74) = 18.442, p < 

.001 (BF10 > 100), meaning that the difference in English proficiency remained for the 

gapped groups.  

 

Switching Tasks 

TMT and WCST 

Similarly to the initial analyses, there remained no significant differences between the 

gapped groups in measures from the TMT or WCST. This was the case regardless of trial 

type or measure, indicating that there were no bilingual advantages on switching for either 

task, or in number of trials or errors for the WCST.  

Colour Shape 

For the cued switching task, the colour shape, overall reaction times were faster for 

monolinguals (M = 684.87, SD = 187.03) than bilinguals (M = 822.05, SD = 277.65), F(1,77) 

= 5.458, p = .02 (BF10 = 2.29). This difference in reaction times remained consistent for both 

switch and repeat trials. In switch trials, monolinguals (M = 735,47, SD = 207.09) were faster 

than bilinguals (M = 889.02, SD = 315.72), F(1,77) = 5.343, p = .02 (BF10 = 2.34). This was 

also the case in repeat trials, where monolinguals (M = 636.39, SD = 174.74) were again 

faster on average than bilinguals (M = 757.5, SD = 252.14, F(1,77) = 5.099, p = .03 (BF10 

=1.82). Again, the global switch cost in reaction times was lower for monolinguals (M = 

3.04, SD = 130.94) than for bilinguals (M = 81.63, SD = 180.37), indicating that the 

monolinguals were less affected by switching, F(1, 76) = 4.097, p = .05 (BF10 =1.38), but 

there were no significant differences in local switch costs on this task.  

Verbal Fluency 

For the verbal fluency task,  in the “category” section, monolinguals (M = 24.36, SD = 

4.7) produced a higher number of correct responses than bilinguals (M = 18.99, SD = 4.8), 

F(1,84) = 25.518, p < .001 (BF10>100) and again, the category switch cost was higher for 

monolinguals (M = 9.27, SD = 6.67) than for bilinguals (M = 4.16, SD = 4.02), F(1, 84) = 
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19.689, p < .001 (BF10>100). The monolingual group were more affected by the need to 

switch categories than the “high level” bilinguals, as in the initial ANOVA, despite their 

similar performance in the switching condition itself.  

 

5.3.3. Bilingual Background 

The Language History Questionnaire collected information related to the participants’ 

language experience and background, including the age at which each language was acquired 

(AoA), their daily use of each language as well as their self-rated ability in each, which are 

summarised in Table 10.  

Self-rated L2 Ability: Participants were asked to rate their own language ability on a 7-point 

scale across the skills of reading, writing, speaking and listening. The average of these scores 

was calculated for each participant and used as the “overall” L2 ability used in the current 

analysis.  

Age of L2 acquisition (AoA): This is the age at which an individual was first exposed to their 

L2. 

L2 Years of Use: Most bilingual participants had continually used their L2 since its 

acquisition. However, some individuals may have stopped using their L2 for a significant 

period of time and then resumed its use, such as those who had moved to a new country. For 

this reason, the number of years for which each individual had actively used their L2 was 

requested in addition to AoA. 

L2 hours spent in use: This was an estimate of the number of hours the participants used 

their L2 on a typical day. 

Participant age: As there is some evidence that participant age can be related to performance 

on some of these measures (Kousaie et al., 2014), this was also included in the analysis.  
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Table 10  
Background variables for bilingual participants 

Measure L1 L2 t p BF 
Mean SD Mean SD 

AoA 1.85 1.80 4.72 3.86 -4.81 <.001 > 100 
Years of use 20.40 0.75 17.08 5.15 3.87 <.001 82.02 
Hours of use 9.03 11.44 7.11 7.28 1.43 0.16 0.42 
Overall ability 6.16 1.18 5.69 0.93 2.01 0.05 0.96 
Listening ability 6.07 1.10 5.90 1.07 0.68 0.50 0.21 
Speaking ability 5.90 1.26 5.53 1.28 1.23 0.23 0.34 
Reading ability 6.00 1.14 5.54 1.38 1.54 0.13 0.50 
Writing ability 5.78 1.24 5.20 1.45 1.96 0.06 0.96 

 

There were significant differences between the participants’ age of acquisition for 

their L1 and L2, the years of use for each of their languages and overall self-rated ability, but 

the differences were not significant for the hours spent using each language and ability 

broken down by skill type. A multiple regression was run to predict the switching-related 

scores from each of these variables. All regression coefficients and standard errors can be 

found in Appendix D.  

 

Verbal Fluency 

 The multiple regression model did not significantly predict verbal fluency category 

switch costs F(6,49) = .8, p > .05, adj. R2 = -.022. None of the individual background 

variables were significant predictors.  

 

Trail Making Test 

 The multiple regression model did not significantly predict the difference (switching) 

score on the TMT F(6,49) = 1.12, p > .05, adj. R2 = .013. None of the individual background 

variables were significant predictors. 

 

WCST 

 The multiple regression model did not significantly predict the number of trials taken 

to complete the WCST, F(6,49) = .911, p > .05, adj. R2 = -.01. None of the individual 

background variables were significant predictors. 
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Colour Shape 

 The multiple regression model did not significantly predict local switch costs on the 

colour shape, F(6,46) = .398, p > .05, adj. R2 = -.08. None of the individual background 

variables were significant predictors. 

 It also did not significantly predict global switch costs, F(6,45) = 1.896, p > .05, adj. 

R2 = .095. None of the individual background variables were significant predictors, except for 

participant age, p = .02. 

 

 

5.4. Discussion 

 

There has been evidence in the past of a bilingual advantage in non-linguistic 

switching (Garbin et al., 2010; Prior & Gollan, 2011; Prior & MacWhinney, 2010). These 

results, however, have been inconsistent (Paap & Greenburg, 2013) and have varied by task 

design (Stasenko et al., 2017), switch cost type (Wiseheart et al., 2016) and the language 

background of participant samples (Prior & Gollan, 2011; Soveri et al., 2011).   

The goals of the current work were threefold: identifying differences between 

monolingual and bilingual groups on a variety of task switching methods; comparing a more 

specific group of bilinguals to monolinguals and finally examining the relationship between 

performance on these tasks and a variety of bilingual background variables.  

  

5.4.1. Language tasks  

There were clear differences between the samples in the language measures. 

Monolinguals achieved higher scores on the LexTALE than bilinguals and this difference 

remained once the bilingual group was limited to those more experienced with their L2. This 

is unsurprising, given that the LexTALE is designed for high-level speakers of English. The 

challenge presented by the task is demonstrated by the fact that the monolingual sample, 

mostly consisting of university students and graduates who would be expected to have a more 

extensive vocabulary than the general population, achieved an average score of only 86%. 

Ideally, the advanced bilinguals would have been equally matched with their monolingual 

counterparts but this was not possible given the scope of the work. Participants were recruited 

locally in a largely monolingual area with few native or balanced bilinguals.  
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In a similar vein, the animacy accuracy and reaction times were both poorer in the 

bilingual sample, although this difference in accuracy was only supported anecdotally by a 

small Bayes Factor in the gapped groups analysis. This provides some evidence that the 

fluency difference was less pronounced in the gapped groups sample. Animacy judgement is 

considered to be a measure of lexical access, which is a key skill that forms the basis of 

language ability. Differences in this area may reflect differences in the extent of individuals’ 

experience with the language (Kroll & Underman, 2003; Segalowitz & Frenkiel-Fishman, 

2005) and so differences between monolingual and bilingual samples should be expected.  

 

5.4.2. Bilingual advantages 

The first two aims of the current work were to assess differences between 

monolingual and bilingual groups in a variety of task switching measures and then to 

examine these differences between clearly defined, gapped monolingual and bilingual groups. 

Both of these analyses took the form of one-way ANOVAs, the results of which are discussed 

here.  

No significant differences were found between the language groups on either the 

TMT or WCST, which may be due to the age of the participant sample. Bialystok (2000) 

found a bilingual advantage for children completing the TMT, but the current young adult 

sample may have reached ceiling performance in both groups. Similarly, Kousaie et al. 

(2014) found that, among young and older adult samples, age was a better predictor of WCST 

performance than bilingualism. With a non-clinical, young adult sample, it is likely that the 

tests were unable to discriminate between groups performing at the higher end of the scale.  

In the verbal fluency task, monolinguals showed a higher category switching cost. 

While their performance in a standard category task was significantly better than that of the 

bilingual sample, this difference was no longer present when the requirement was to switch 

between categories. This lends support to a popular theory presented by Bialystok et al. 

(2008a), who purported that bilinguals have a disadvantage in category naming as it relies 

heavily on lexical access. Bilinguals are said to have a disadvantage in lexical access when 

compared to monolingual samples, which rings true given that animacy scores in the current 

work were significantly lower for bilinguals. The category fluency aspect of this task places 

more demands in terms of lexical access than letter fluency. Thus, the monolingual advantage 

in category fluency paired with the lack of group differences in letter fluency support 

Bialystok et al.’s (2008) suggestion of poorer bilingual lexical access. Bilinguals, and 

particularly those who are unbalanced bilinguals, may also be able to compensate for a 
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disadvantage in category fluency when this section involves switching. In the current work, 

the increased requirement for executive functioning in the switching block had more of an 

impact on the monolingual sample, who had higher switch costs, than on the bilingual 

sample, who were able to produce a similar number of responses as their monolingual peers 

in the switching block. 

The remaining task in the battery, the colour shape, was designed to avoid language 

interference for bilingual participants and so relied on image cues rather than text (Prior & 

MacWhinney, 2010). The cued switching task was separated into single task and switching 

blocks, which allowed for a number of measures to be included. Participant accuracy and 

reaction times were taken for single task blocks as well as switch trials and repeat trials 

within the switching blocks. Two different switch costs were included, the first of which was 

global switch cost, or the difference in RT between single task and switching blocks. Local 

switch costs, on the other hand, measure the difference in RT between switch and repeat trials 

within the switching blocks themselves. In work by Prior and MacWhinney (2010), there was 

a bilingual advantage in switch trial RT and therefore local switch costs, suggesting that 

bilinguals were more efficient at activating a specific response to a cue and resisting 

interference from the previous trial.  Findings on this task have been mixed, with others 

finding global switch cost advantages (Barac & Bialystok, 2012; Wiseheart et al., 2016), 

although the presence of such effects for young adult samples remains uncertain (Gold et al., 

2013).  

In the current work, contrary to the hypothesis in favour of the bilingual advantage, 

monolinguals outperformed bilinguals in terms of reaction times on the colour shape task. 

While there was no significant difference in accuracy, the reaction times were faster for 

monolinguals across both switch and non-switch trials and this group, surprisingly, had a 

significantly lower global switch cost than the bilingual sample. The differences between the 

samples held when the bilingual sample was reduced to “higher level” speakers. Global 

switch costs reflect the ability to actively maintain task sets over a number of trials, and so it 

would be a likely area for a bilingual advantage in executive control to manifest (Wiseheart et 

al., 2016).  

The current results directly counter those of Prior and MacWhinney (2010), although 

it should be noted that there may have been a fault in the current task design. A small number 

of participants misunderstood either the task or response keys, resulting in a number of 

outliers which were removed from the analysis. A longer practice session with a performance 

check may have prevented this issue and this was applied to later studies in the current work. 
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This issue affected both groups equally, with four participants from each removed from the 

colour shape analysis.  

It remains a possibility that the monolingual advantage was not a result of these 

errors. Paap et al. (2017) also found a monolingual advantage in their colour-shape task, but 

this was deemed an anomaly by the authors.  They report inconsistent results in a series of 

past task switching studies, which begs the question of whether this is a common occurrence 

within the research area. De Bruin et al. (2014) discuss at length the issue of a "file drawer 

problem" within the field, noting that inconclusive or even negative results do not get the 

same level of attention as positive results. It is likely to be the case that other would-be 

reports of negative results have been dismissed at various stages of the writing or publication 

process. When results contradicting the bilingual advantage are published, it is more common 

to see null results rather than poorer bilingual performance. The latter, when it does occur, is 

typically considered an artefact (Paap et al., 2017) or an indication that confounding variables 

may have been overlooked (Dick et al., 2019; Folke et al., 2016) rather than evidence of a 

specific bilingual disadvantage (Bialystok, 2015). For this reason, later studies in the current 

work will also include measures such as participants’ socioeconomic status as covariates.   

 

5.4.3. Bilingual background variables  

The third and final aim of this study was to examine the relationship between task 

switching performance and different bilingual background variables. The bilingual 

participants tended to rate their L1 ability higher than that of their L2, although the latter was 

still rated above 5 on a 7-point scale on average. These differences were not significant when 

separated by skill type (e.g. listening or speaking ability). On average, there was a difference 

of approximately 3 years between the age of acquisition of their L1 and 2. While the 

participants lived and either worked or studied in the UK and were assumed to be immersed 

in an English-speaking environment, there was no significant difference in the amount of 

time they spent speaking each of their languages in a typical day.  

The first background variable of interest was age of L2 acquisition (AoA). AoA has 

often been examined as a potential influence on the bilingual advantage, with mixed results 

regarding its influence (Luk et al., 2011; Mohades et al., 2014; Von Bastian et al., 2016).  In 

the current study, AoA was not a significant predictor of switching performance across all 

analyses. 
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The next background variable was the number of years for which a bilingual has been 

actively speaking their second language. This was intended as a companion measure to AoA 

and, similarly, it was not a significant predictor of any of the switching measures.  

Frequency of language switching was not measured directly in the current study and 

so two other factors, the “hours of L2 use” (the approximate number of hours spent speaking 

the L2 on an average day) and “number of contexts” (the number of different environments in 

which the individual uses their L2), were used as proxies. Neither of these scores were 

significant predictors of switching ability. It may be the case that participants who are fully 

immersed in an L2 environment rarely switch between languages. Language switching is 

seen as a key determiner of potential non-verbal switching advantages (Green & Abutalebi, 

2013) and so L2 immersion may not allow for the level of switching experience required to 

develop an EF advantage. The current sample were either working or studying in the UK and 

were therefore likely to be immersed in an English-speaking environment, although this was 

not confirmed in the questionnaire.  

Number of contexts was also not a significant predictor in the model. As it is unclear 

how often participants switched their languages across each context, this may be a reflection 

of the same issue as hours of L2 use. Speaking a single language in each context would not 

require an individual to actively monitor the competition between each language’s activation 

as often as if they were switching languages regularly. As the constant practice in correctly 

selecting the target language is the theoretical basis for executive control advantages, a dual-

language context (in which a bilingual must switch languages depending on who they are 

speaking with) would be more likely to lead to a bilingual advantage (Green & Abutalebi, 

2013). 

L2 ability was also not a significant predictor of bilinguals’ switching performance. 

Overall ability for each language was calculated as the average of a series of self-ratings for 

listening, speaking, reading and writing. The value of self-ratings as an indicator of 

proficiency is debated within the literature, with some advising caution in their use because 

of their inherent subjectivity and the possibility of bias (Edele et al. 2015, Tomoschuk et al., 

2019). Ideally, self-rated proficiency should be compared with more objective language 

measures, but this was not possible in the current work. A number of participants listed 

languages other than English as their L2 and, as the LexTALE and animacy tasks were used 

specifically as measures of English fluency, a direct comparison could not be made. As self-

ratings have been found to correlate with a number of established proficiency tests (Francis & 
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Strobach, 2013, cited in Paap et al., 2014; Marian et al., 2007; Paap & Liu, 2014), they were 

considered to be a practical alternative. 

Although language proficiency is often highlighted as an important variable to 

consider (Pliatsikas & Luk, 2016), Prior and Gollan (2011) found a bilingual advantage 

regardless of proficiency level. It is likely that factors other than fluency may have an impact 

on the bilingual advantage, as the mechanisms behind it are considered to be more related to 

patterns of language use and the cognitive demand of managing two languages rather than 

familiarity with the languages themselves (Coderre et al., 2016, Kroll & Bialystok, 2013). As 

an example, Verreyt et al. (2016) found that, within a sample of equally proficient bilinguals, 

language switching experience was the factor with the most influence on non-linguistic 

executive control.  

 

5.4.4. Overall discussion 

The current work sought to explore the possibility of a bilingual advantage in task 

switching in addition to the circumstances which could influence this advantage. Overall, the 

results found here are mixed. While differences in language learning backgrounds appeared 

to be related in some way to performance on switching tasks, there was little evidence of a 

clear bilingual advantage. In contrast, there appeared to be more of a bilingual disadvantage 

where group differences were noted. From here, it is now clearer which tasks may be of 

interest for task switching research. Non-significant results in both the TMT and WCST 

could be due to ceiling effects in a young adult sample and so these measures will no longer 

be used in later studies of the current project.  

There was no evidence from regressions that underlying aspects of bilingualism lent 

themselves to a switching advantage in the current work. However, more specific 

measurement of language switching habits would have been beneficial in identifying these 

factors more clearly and would be more relevant to current theory (Green & Abutalebi, 2013; 

Verreyt et al., 2016). It has been established that the bilingual advantage can be related to 

socioeconomic status (Naeem et al., 2018), which can itself impact cognitive development 

(Bialystok, 2001a), so background information unrelated directly to language use should also 

be considered. 

The current work also suffers from a lack of balancing of bilingual and monolingual 

participants in language ability. Due to the location in which the research was carried out, it 

was challenging to access a large sample of balanced bilinguals, although every effort was 

made to ensure that the level of English was high among the bilingual sample.  
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The need for clear, detailed background information for bilingual groups has been 

made even more apparent. The LHQ used in the current study can be further adapted to 

include background variables, such as frequency of language switching and SES. Despite the 

aims of the study including the recruitment of a wider range of bilingual participants than in 

Study 1, it was still limited by the nature of in-person research and local recruitment. Moving 

on from this study may require a more extensive bilingual sample, extending beyond 

recruitment from the local area and reaching a population more specifically matched to the 

monolingual comparison group. 
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Chapter 6 

Study 3 

 

6.1. Introduction 

 

While earlier work in task switching argued for a distinct bilingual advantage in 

executive functioning (Adesope et al., 2010; Bialystok et al., 2008b; Costa et al., 2008), 

recent papers have begun to uncover inconsistent results, as in Study 2 of the current work. 

One such paper is that of Paap et al. (2017) who, similarly to Study 2, found unexpected 

monolingual advantages in their task switching measures. The current study aims to explore 

this further, in part by replicating the study by Paap et al. (2017) and also by introducing a 

novel response switching measure.  

Paap et al. (2017) begin with a brief summary of the literature, focusing on task 

switching as this area had been neglected by reviews up to that point. They note that, after 

Prior and MacWhinney’s (2010) seminal paper demonstrating a bilingual advantage on a 

colour shape switching task, there had only been one successful replication from 17 separate 

studies. Paap et al. (2017) themselves used a series of three cued switching tasks: 

colour/shape, letter/number and animacy/size alongside two verbal fluency measures (letter 

and category). In addition to switch costs (the difference in RT between switch and repeat 

trials in a mixed block), they included mixing costs (the difference in RT between repeat 

trials in the mixed blocks and trials from the control, non-switching block) and an efficiency 

score (mean RT for each condition divided by the proportion of correct responses). Another 

variable of interest was the frequency of language switching (FoLS) measure, which allowed 

for high and low language switch groups. They also created “gapped groups” of bilinguals 

based on their proficiency levels, a monolingual group with a low amount of L2 experience 

and high proficiency bilinguals. Null results were found for all three cued switching tasks, 

across different performance measures (RT, accuracy and efficiency) and different bilingual 

groups (based on proficiency and switching habits). A monolingual advantage was found in 

mixing costs, but as there is no evidence in previous literature suggesting advantages in this 

direction, it was deemed an anomaly. 

A long-standing issue for researchers in this area is the large amount of natural 

variance within bilingual populations. As Valdés et al. (2014) point out, there are numerous 

reasons why someone may become bilingual. Within that group, individuals can vary in 

language variables such as proficiency or age of acquisition as well as in their broader 
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background, such as socioeconomic status (SES).  Thus, research in recent years has shifted 

from direct monolingual-bilingual comparisons to how different aspects of bilingualism may 

relate to any advantages found. Background variables of particular interest include daily 

language switching habits and linguistic distance, both of which have been added to the 

current work. 

The cross-linguistic interference hypothesis suggests that the more related a 

participant’s languages are (i.e. with a closer linguistic distance), the more interference 

between the languages will occur in daily life and a greater demand will be placed on 

executive functions (Laketa et al., 2021). An opposing hypothesis posits that more distant 

languages would demand more monitoring and therefore would be more likely to lead to 

improved EF (Barac & Bialystok, 2012). The result of studies in this area have been mixed 

(Blumenfeld & Marian, 2013; Laketa et al., 2021). Coderre and van Heuvan (2014b), for 

example, found that the more distant language pair in their study showed improved inhibitory 

control compared to more closely related languages. Ljungberg et al. (2020) found an 

advantage in episodic memory for participants with closely related languages compared to 

those with distant language pairs. Further studies have found that EF performance did not 

appear to be significantly related to linguistic distance (Barac & Bialystok, 2012; Oschwald 

et al., 2018). Few studies have focused on the relationship between linguistic distance and 

task switching and so this is a new focus of the current work.  

There is no standard method by which to calculate the distance between languages 

(Galloway & Gjefsen, 2020; Platt, 2020). Typically, linguistic distance was accounted for in 

the studies above by recruiting participants from two or three distinct language groups 

(Laketa et al., 2021; Ljungberg et al., 2020), sometimes based on the similarity of the scripts 

of each language (Coderre & van Heuvan, 2014b). This approach was not possible for the 

current work, as participants had a wide range of language backgrounds (languages spoken 

by the current sample are listed in Section 6.2.1). Instead, a value indicating the relatedness 

of each participant’s languages was generated using the elinguistics.net calculator (Beaufils, 

2015). This model uses a selection of 18 stable lexical items commonly used in comparative 

linguistics to generate a “relatedness” score for two languages between 0 (the closest, i.e. the 

same language) and 100 (the furthest apart).  

A further addition to the procedure is a response switching measure (sometimes 

referred to in the literature as “S-R reversal paradigms”). In this type of measure, as opposed 

to switching between tasks, the goal remains the same while the response mapping changes 

(Kim et al., 2012).  In the current work, participants must indicate whether a digit presented 
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on the screen is higher or lower than 5. A cue indicates whether a left button press should be 

used for a low number and a right button press for a high number, or whether these responses 

are switched (i.e. left for a high number, right for a low number). While this “higher or 

lower” judgement often forms one half of a cued task switching paradigm in the literature 

(Altmann, 2007; Arabacı & Parris, 2020), the response mapping switch has not been used in 

the context of bilingual advantage research to our knowledge. 

The current study sought to replicate the work of Paap et al. (2017) with a new sample 

recruited and tested online. While Study 2 aimed to include more background information 

than in the pilot study 1, some variables of interest were overlooked. In the current work, 

“hours of L2 use” and “the number of contexts in which the L2 was used” have been replaced 

with more direct questions about frequency of language switching (FoLS), and new measures 

of linguistic distance and SES were introduced. The Trail Making Test, Wisconsin Card 

Sorting Task and animacy judgement measures from Study 2 were also replaced by a series 

of cued switching tasks to align with Paap et al. (2017) and the novel response switching task. 

It was hypothesised that differences in performance would be more apparent between 

separate bilingual conditions (high/low fluency, high/low switching, distant/related 

languages) and monolinguals than they would be when bilinguals were treated as a single 

group. A second hypothesis was that improved bilingual performance would be related to 

background variables such as higher L2 ability and younger age of acquistition.  

 

 

6.2. Methodology 

 

6.2.1. Participants 

Study 3 involved 134 participants across two parts, with 48 monolingual English 

speakers (38 females, 10 males, mean age = 22.83) and 86 bilinguals (45 females, 41 males, 

mean age = 21.97). The bilingual participants all spoke English in addition to one or more of 

the following languages: 

Arabic (2 participants),  Bengali (1), Cantonese (2), Catalan (1), Chinese (2), Czech 

(2), Danish (2), Dutch (1), Esperanto (1), French (41), German (20), Greek (4), Hebrew (2), 

Hindi (1), Hungarian (2), Igbo (2), Irish (6), Italian (15), Japanese (5), Korean (1), Malay (3), 

Malayalam (1), Maltese (1), Mandarin (4), Norwegian (1), Polish (8), Portuguese (9), Russian 

(6), Spanish (34), Tagalog (1), Thai (1) and Welsh (1). Local monolingual participants were 

Psychology students at Queen's University Belfast, who received course credit for research 
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participation. Further participants were recruited internationally using Prolific Academic 

(www.prolific.co), a platform which allows researchers to connect with participants, pre-

screen for specific sample requirements and offer payment for participation. Pre-screening for 

bilingual participants included an age range of 18-35 and student status (undergraduate, 

graduate or doctorate degrees) in order to match the local (largely monolingual) sample, and 

the ability to speak their native language in addition to one, two, three or more additional 

languages. 

There was some participant attrition, so new participants were recruited for part 2 

only, completing the language history questionnaire during this section. Table 11 shows the 

number of participants and descriptive statistics for each section of the study. 

 

Table 11  
Participant information for each part of the study 
Group N Age 

(Mean) 
Age (SD) 

All parts 
   

Monolingual 21 21.95 6.18 
Bilingual 38 21.95 3.88 
Part 1 only 

   

Monolingual 26 22.69 6.75 
Bilingual 28 21.79 3.79 
Part 2 only 

   

Monolingual 1 20 - 
Bilingual 20 22.25 4.09 

 
 

 

6.2.2. Tasks 

Part 1 

LexTALE: The original word list used in previous studies (Lemhöfer & Broersma, 

2012) was incorporated into the Gorilla software. A fixation cross was displayed on the 

screen for 350ms, after which the stimulus letter string would appear. There was no time limit 

for a response, although Gorilla automatically records key press times, so the session would 

continue only after a response from the participant. After an 850ms blank screen, the fixation 

cross for the following trial would be shown. Participants were asked to press the "S" key on 



 98 

their keyboard if they believed the letter string represented a correct English word and the "L" 

key if they did not think it was an English word. 

Colour shape: Participants responded to either the colour or shape of a presented 

stimulus, either in "single" colour or shape blocks, or in "mixed" blocks that required them to 

switch between the attributes according to a cue. The stimuli and presentation timings from 

Paap et al. (2017) were used in this study. An initial practice session consisted of 33 "colour 

only" and "shape only" trials and 18 "mixed" trials, each preceded by their own set of 

instructions. In the single attribute blocks, a 350ms fixation cross was followed directly by 

the stimulus (a triangle or circle in either red or blue) which vanished either upon a response 

or after the time limit of 4000ms and was replaced by a blank screen for 850ms before the 

next trial began.  

In "switch" blocks, a 250ms cue (a set of shapes or a rainbow) was displayed between 

the fixation cross and the stimulus. Participants used the "K" and "L" keys to respond to 

circles and triangles respectively and the "S" or "D" keys to respond to blue or red stimuli. 

The practice sessions provided feedback throughout for both correct and incorrect responses. 

Once a participant had completed the practice with over 50% accuracy, they moved on to the 

main task. If the accuracy in the practice trials was less than chance, they were asked to 

reread the instructions and repeat the practice trials. 

In the main task, the display matched that of the practice trials, however the 

colour/shape cue was also displayed during the "colour only" and "shape only" blocks.  The 

task consisted of 5 blocks, 3 "mixed" blocks with 49 trials each and 2 "colour/shape only" 

blocks with 30 trials.  After a break between each block, a 2000ms "get ready" screen was 

displayed to allow participants to place their hands over the response keys.  

Response switching: A new task developed for this study, response switching, asked 

participants to judge whether a number was higher or lower than 5. A digit between 1 and 9 

(except 5) would be displayed in either red or green text.  If the digit was red, the correct 

response would be "S" for a number lower than 5 and "L" for a number higher than 5. If the 

text was green, these responses would be switched- "L" for lower and "S" for higher 

numbers. Similar to the colour shape task described above, participants were first introduced 

to the task through a practice session, with 33 "red" and 33 "green" trials before the 18 trial 

"mixed" block was introduced. A fixation would appear for 350ms, followed by the cue 

which would remain onscreen until either a response or 4000ms had elapsed. They were 

given feedback throughout and would proceed to the main task if they achieved higher than 

50% accuracy during the practice. If their performance was lower than this threshold, they 
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would repeat the practice. The main task again took the form of 3 "mixed" switching blocks 

of 49 trials and 2 "single" non-switching blocks of 30 trials.  

Language History Questionnaire (LHQ): After participants had completed the first 

experimental session, they were asked to complete an adapted form of the LHQ (Li et al., 

2006). This was shorter and more specifically targeted for the research interests than the 

version used in the previous study (see Appendix B). The questions were displayed using 

Gorilla's questionnaire tool.  

 

Part 2 

Letter/Number: This task used instructions and stimuli from Paap et al. (2017) and 

involved deciding whether a number was odd or even, or whether a letter was a consonant or 

a vowel. A fixation cross appeared for 350ms, followed by a target box containing a number 

and a letter which would appear either above or below the fixation cross. If the box was 

above the fixation cross, then the number was relevant. Participants would need to press the 

"S" key for an odd number and the "D" for an even number. If the target box appeared below 

the fixation, then the letter became relevant. They would need to press "K" for a consonant or 

"L" for a vowel. The task was structured similarly to the colour/shape and response switching 

in the previous section, with a practice session of 33 "number" trials, 33 "letter" trials and 18 

"switch" trials with feedback. If they successfully completed the practice session with higher 

than 50% accuracy, they would complete the main task blocks (3 "mixed and 2 "single" 

blocks) without feedback. 

Animacy/Size: Here, as in Paap et al. (2017), a noun was displayed on the screen 

which would represent something either living/non-living or bigger/smaller than a soccer 

ball. The same word list was used for both decision pairs. To indicate that the decision should 

be between living ("S" key) and non-living ("D" key), a heart symbol would be used as a cue 

and if the cue was a cross with arrows, the size would be relevant ("K" for bigger than a 

soccer ball, "L" for smaller). A fixation cross (350ms) would precede the cue (250ms) and 

the noun would be displayed until a response or 4000ms had elapsed.  A 50% accuracy score 

in the 3 practice session blocks of 30 trials each was required before the main task could be 

started. The main task consisted of 4 blocks of 50 trials, with a break in between each block. 

Verbal fluency: Although referred to here as "verbal" fluency, this task required 

participants to type their answers into a response box provided on the screen. They were 

given 2 minutes to type as many words as possible that began with a specific letter or 

belonged to a certain category as they could. The letters used were F and A while the 
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categories were animals and modes of transport. Each participant completed all letter and 

category sections. After this, they were asked to switch their responses between words 

beginning with "S" and words beginning with "C", then between the categories of fruits and 

furniture. They were asked to avoid repetitions, similar words, proper nouns, numbers and the 

names of days or months. After each response, they pressed the enter key to begin typing a 

new word. They did not need to be concerned about spelling or typing errors. These 

instructions were displayed on the screen throughout the task, alongside a countdown timer 

for the last 10 seconds of each section. The Gorilla software recorded the time of each "enter" 

press as well as each response given. 

Two typing sections were also included, in which participants were asked to type a 

sentence ("the quick brown fox jumped over the lazy dog") and then a paragraph (a short 

version of "the hare and the tortoise" fable) as quickly as they could in order to gauge their 

average typing speed. 

 

6.2.3. Procedure 

Ethical approval for this study was obtained from the Faculty of Engineering and 

Physical Sciences Research Ethics Committee at Queen’s University Belfast. 

The study was completed entirely online using the Gorilla Experiment Builder 

(www.gorilla.sc), a cloud software platform created for the behavioural sciences (Anwyl-

Irvine et al., 2019). In order to allow for shorter individual experimental sessions, the study 

was split into two sections. Participants were forewarned that the study comprised of multiple 

parts and upon completion of part 1, they were then invited to begin part 2. Each section 

lasted for approximately 30 minutes, but participants were allowed up to 60 minutes per 

section in case of technical difficulties, for longer breaks between tasks or to allow them to 

ask questions via email or the Prolific messaging system.  

All participants completed the tasks in the same order, with part 1 consisting of the 

LexTALE, colour shape and response switching tasks followed by the LHQ. Part 2 included 

the final cued switching tasks, the letter number and animacy size tasks, alongside the verbal 

fluency.  
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6.3. Results 
 

6.3.1. Overview  

The aim of the current work was to examine monolingual and bilingual performance 

on a set of cued task switching measures and a verbal fluency task. The analysis involved 

four main parts, the full results of which can be seen in Appendices E-H. A summary of 

significant findings across all tasks and analyses can be seen in Table 15. The first step was 

an initial one-way ANOVA comparing the entire sample of monolingual and bilingual 

groups.  

The second part was a “gapped groups” ANOVA, similar to that in Paap et al. (2017), 

intended to separate the sample into a group of monolinguals with no language experience 

outside of school and high proficiency bilinguals. Participants were included in the analysis if 

they were a monolingual with relatively little experience of a foreign language (i.e. those who 

had only learned a language in school) or a bilingual who rated their own L2 ability as 4 or 

higher on a 7-point scale. Descriptive statistics for both the initial and gapped groups can be 

seen in Table 12. 

Table 12  

Descriptive statistics for sample as a whole and gapped groups analysis 

Group N Female Male Age (Mean) Age (SD) 

Monolingual 48 38 10 22.83 7.70 

Bilingual 86 45 41 21.97 3.86 

Gapped Groups 
     

Monolingual 40 31 9 23.30 8.27 

Bilingual 74 34 40 22.47 3.92 

 

Following on from this was the “language switching” ANOVA, based on responses 

(detailed in Table 13) to the prompt: “Some bilinguals switch from one language to the other 

many times every day. Others switch rarely because, for example, they only speak English 

while at university and only speak their native language when they are at home. How many 

times do you usually switch from one language to the other?”. Bilingual participants were 

separated into a “low switching” group, who did not switch languages on a regular basis 

(rated as a 3 or less), and “high switching”, who switched between their languages on at least 
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a daily basis (rated as 4 or above) and compared to the initial monolingual group. One 

participant was excluded from this analysis as they did not respond to the FoLS question.  

Table 13  

Number and percentage of bilingual participant responses to the FoLS question 

Bilingual groups N % of total 

Switching question response 
  

(1) don't switch languages at all 20 23.3 

(2) a couple of times a month 11 12.8 

(3) a couple of times a week 12 14 

(4) a couple of times a day 15 17.4 

(5) several times a day 14 16.3 

(6) dozens of times a day 13 15.1 

 

The final measure included in the main analyses was linguistic distance. Here, 

participants were separated into one of 5 groups based on the distance between their 

languages, using a breakdown from Beaufils (2015) as a guide, with 1 being highly related 

and 5 being languages with no recognisable relationship (see Table 14). Bilinguals in groups 

1 and 2 were assigned to a “related” languages group, while those in groups 4 and 5 were 

“distant”, and were again compared to the initial monolingual group. Group 3 was excluded 

from this ANOVA in order to ensure a clearer divide between the groups. Two participants 

could not be included in this analysis, as data for the distance between their L1 and L2 

(English and Malay) were not available.  

Table 14 

 Number and percentage of total bilingual participants in each linguistic distance group 

Linguistic distance group Distance score N %  

(1) Highly related languages 1-30 6 7 

(2) Related languages 30-50 19 22.1 

(3) Remotely related languages 50-70 39 45.3 

(4) Very remotely related languages 70-78 6 7 

(5) No recognizable relationship 78-100 14 16.3 
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6.3.2. Main results  

LexTALE 

Full results for these analyses can be seen in Appendices E-H. Accuracy (or % 

correct) was the single variable of interest for the LexTALE measure. The overall accuracy 

rate across all groups was 84%. There were no significant differences in accuracy in the 

initial ANOVA but for the gapped groups, monolinguals (M = .87, SD = .15), outperformed 

bilinguals (M =.81, SD = .15), F(1,93) = 3.94, p = .05 (BF10 = 1.22). For the language 

switching and linguistic distance ANOVAs, there were no significant differences between 

any of the groups in LexTALE accuracy.  

Colour Shape 

The colour shape was the first of a series of cued switching tasks, which included 

accuracy, RT and efficiency scores for each trial type (control, switch and repeat) alongside 

switch costs. Accuracy rates for this task were among the highest for the cued switching 

tasks, at 91% for all participants. There were no significant differences between monolinguals 

and bilinguals on this task for either the initial analysis or the gapped groups. There were also 

no significant differences between any of the groups in the language switching and linguistic 

distance groups for any of the measures.  

Response switching 

Response switching, using a “higher lower” task, was a new cued switching measure 

added to the task battery for this study. As with the colour shape, measures included 

accuracy, RT and efficiency scores alongside several switch cost measures. It appeared to be 

slightly more challenging for participants than the colour shape task, as the overall accuracy 

rate was 89%. For the initial analysis, there were no significant differences in accuracy but 

there was a bilingual (M = .00, SD = .08) advantage over monolinguals (M = -.03, SD = .05) 

in accuracy mixing costs, F(1,109) = 4.91, p = .03 (BF10 = 1.79), in which bilinguals 

displayed no mixing cost. This measures the cost of mixing trial types in one block and is the 

difference in accuracy rates between control trials and repeat trials in the mixing block.  

This advantage in mixing costs was also present for the gapped groups analysis, with 

bilinguals (M = -.001, SD = .07) being less affected by mixing than the monolinguals (M = -

.03, SD =.06), F(1,92) = 4.97, p = .03 (BF10 = 1.9). There were no significant differences for 

the response switching measure for any of the language switching groups. In the linguistic 

distance analysis there was a significant difference, again for accuracy mixing costs, between 

monolinguals (M = -.03, SD = .05) and “distant” bilinguals (M = .02, SD =.1), who were less 

affected by mixing, F(2,80) = 4.01, p = .02 (BF10 = 2.37). 
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Letter Number 

The letter number, the third switching task, was the most difficult in the battery 

according to participant reports and had a relatively low overall accuracy rate of 81%. The 

measures used were the same as in the preceding tasks and there were a number of significant 

differences between the groups. In the initial analysis, there was a significant difference in 

accuracy between the monolingual (M =.7, SD = .35) and bilingual (M = .84, SD = .23) 

groups, F(1,78) = 4.44, p =.04 (BF10 = 1.64). This was also the case for accuracy on mixed 

trials, where bilinguals (M = .84, SD = .23) outperformed monolinguals (M = .69, SD = .34), 

F(1,78) = 4.84, p = .03, (BF10 = 1.93). For switch trials, bilinguals (M = .82, SD = .24) were 

more accurate than their monolingual (M = .68, SD = .33) counterparts, F(1,78) = 4, p = .05 

(BF10 = 1.37). Again, bilinguals (M = .86, SD = .23) were more accurate on repeat trials than 

monolinguals (M = .7, SD = .35), F(1,78) = 5.58, p = .02 (BF10 = 2.61). Control trials were 

the only section of the task in which there were no significant differences in accuracy 

between the groups, however these trials did show a bilingual (M = 897.58, SD = 317.55) 

advantage over monolinguals (M = 2067.62, SD = 4166.99) in efficiency scores, F(1,71) = 

4.297, p = .04 (BF10 = 1.58). Finally, there was a local RT cost advantage for monolinguals 

(M = 195.83, SD = 283.02) over bilinguals (M = 329.88, SD = 196.22), F(1,78) = 5.77, p = 

.02 (BF10 = 2.82). 

For the gapped groups analysis, the number of significant differences was greatly 

reduced, contrary to what would be expected. For accuracy, a single bilingual (M = .86, SD = 

.23) advantage over monolinguals (M = .7, SD = .35) was observed for repeat trials only, 

F(1,68) = 4.61, p = .04 (BF10 =1.8). There were no differences in efficiency between the 

groups, while the local RT switch cost advantage for monolinguals (M = 211.73, SD = 257.3) 

compared to bilinguals (M = 340.03, SD = 196.04) remained, F(1,68) = 4.98, p = .03 (BF10 = 

2.08). A difference not observed in the initial analysis was also present for RT mixing costs, 

with bilinguals (M = 170.13, SD = 253.62) outperforming monolinguals (M =320.33, SD = 

202.54), F(1,68) = 5.37, p = .02 (BF10 = 2.44).  

There were no significant differences between any of the groups when separated by 

language switching habits.  

For the linguistic distance analysis, there was a significant difference between groups 

in overall accuracy, F(2,48) = 3.61, p =.04 (BF10 = 2.1). A Tukey HSD test showed that there 

was a significant difference between monolinguals (M =0.7, SD = .35) and “related” 

bilinguals (M =.91, SD = .09), p = .04, but there were no significant differences between 

these and “distant” bilinguals. For accuracy on mixed trials, bilinguals outperformed 
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monolinguals, F(2,48) = 4.19, p = .02 (BF10 = 3.14), and again this difference was between 

monolinguals (M =.69, SD = .34) and related bilinguals (M = .91, SD = .09), p = .02. This 

was also the case for switch trial accuracy, F(2,48) = 3.75, p = .03 (BF10 = 2.32), in which 

related bilinguals (M =.89, SD =.1) outperformed monolinguals (M =.68, SD =.33), p = .03, 

but neither of these groups significantly differed from distant bilinguals. Finally, there was 

also a significant difference between groups in repeat trial accuracy, F(2,48) = 4.49, p = .02 

(BF10 = 3.86). Post hoc tests again demonstrated that there was an advantage for related 

bilinguals (M = .93, SD = .09) compared to monolinguals (M = .7, SD = .35), p = .02. There 

were no significant differences between either group and distant bilinguals. There were also 

no significant differences between any of the groups in efficiency, switching or mixing costs 

as in the initial and gapped groups analyses.  

Animacy Size 

Alongside the colour shape task, the animacy was one of the easier tasks in the battery 

for participants, who had an overall accuracy rate of 91%. In the initial analysis, there were 

two animacy/size measures for which bilinguals showed an advantage. Monolinguals (M 

=.86, SD = .22) were not as accurate as bilinguals (M = .94, SD = .09) on control trials, 

F(1,78) = 4.23, p = .04 (BF10 = 1.5). Bilinguals (M = .92, SD = .11) were also more accurate 

than monolinguals (M = .85, SD = .2) on switch trials, F(1,78) = 4.15, p = .05 (BF10 = 1.45). 

There were no further significant differences between the groups in any of the grouped 

analyses.  

Verbal Fluency 

The verbal fluency measure asked participants to type as many words as they could, 

which either began with a specific letter or belonged to a certain category, within two 

minutes. They were asked to enter each word into a text box and to press the enter key after 

each response, with a reminder of this displayed on screen throughout the task. Some 

participants did not press the enter key, which meant that their answers were not recorded by 

the system, and therefore these participants’ scores for individual sections could not be 

included in the analysis. Accuracy rates for this task were calculated as the percentage of 

answers given that matched the specifications and were not repetitions. 

In the initial analysis for the verbal fluency task, there was a monolingual (M = 

4927.54 ms, SD = 853.53) advantage over bilinguals (M = 5665.02, SD = 1316.76) in mean 

reaction time (BF10 = 2.7). In the letter F section, monolinguals (M = .84, SD = 1.12) 

produced more errors than bilinguals (M = .24, SD = .48), F(1,67) = 9.94, p = .002 (BF10 = 

14.7). For the letter A section, monolinguals (M = 5321.61, SD = 1278.73) were again faster 
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than bilinguals (M = 6475.26, SD = 1951.66), F(1,70) = 5.97, p =.02 (BF10 = 3.09). Across all 

letter conditions, bilinguals (M = .65, SD = 1.02) produced fewer errors than monolinguals 

(M = 1.57, SD = 2.11), F(1,70) = 6.32, p = .01 (BF10 = 3.54). There were no significant 

differences in the “animals” category, but for the “transport” category, bilinguals (M = .98, 

SD = .04) were more accurate than monolinguals (M = .95, SD = .05), F(1,74) = 4.61, p = .04 

(BF10 = 1.77). Across all category trials, bilinguals (M = .63, SD = 1.07) produced fewer 

errors than monolinguals (M = 1.24, SD = 1.14), F(1,75) = 4.84, p = .03 (BF10 = 1.94). 

However, it was monolinguals (M = 19.83, SD = 3.11), rather than bilinguals (M = 16, SD = 

5.19), who produced more correct responses in the category switching section, F(1,63) = 

8.59, p = .005 (BF10 = 8.63). There were no other significant differences in switching 

performance between the groups in the initial analysis.  

In the gapped groups analysis, there was a significant difference in overall RT 

between monolinguals (M = 4922.39, SD = 928.76) and bilinguals (M = 5808.17, SD = 

1306.81), who tended to be slower on average, F(1,66) = 6.97, p = .01 (BF10 = 4.61). 

Bilinguals (M = .25, SD = .49) produced fewer errors than monolinguals (M = .81, SD = 1.17) 

in the letter F section (BF10 = 4.66). For the letter A section, there was again an RT advantage 

for monolinguals (M = 5490.34, SD = 1297.36) compared to bilinguals (M = 6654.22, SD = 

1980.48), F(1,61) = 5.04, p = .03 (BF10 = 2.16). Across both letter sections, the number of 

errors was again lower for bilinguals (M = .69, SD = 1.06) than monolinguals (M = 1.61, SD 

= 2.25), F(1,61) = 4.91, p = .03 (BF10 = 2.03). For the animals category, monolinguals (M = 

30.94, SD = 7.56) produced a higher number of correct responses than bilinguals (M = 25.86, 

SD = 8.23), F(1,65) = 5.03, p = .03 (BF10 = 2.15). While there were no significant differences 

between groups in the transport category individually, across all category sections there were 

fewer repetitions on average for bilinguals (M = .54, SD = .81) than for monolinguals (M = 

1.11, SD = 1.13), F(1,66) = 5.26, p = .03 (BF10 = 2.34). When switching between categories, 

monolinguals (M = 20.13, SD = 2.97) again produced more correct responses than bilinguals 

(M = 15.33, SD = 4.98), F(1,55) = 12.27, p = .001 (BF10 = 32.64). This was also the case 

across all switching sections combined, with monolinguals (M = 44.2, SD = 9.71) 

outperforming bilinguals (M = 36.5, SD = 10.98), F(1,55) = 5.75, p = .02 (BF10 = 2.86). 

There were no significant differences between groups in switch costs, meaning that both 

groups were equally affected by switch costs in the number of correct items they were able to 

produce. 

For the language switching analysis, there was a significant difference between 

groups in overall RT, F(2,74) = 3.68, p = .03 (BF10 = 1.88). Post hoc tests showed that there 
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was a significant advantage for monolinguals (M = 4927.54, SD = 863.53) compared to high 

switch bilinguals (M = 5844.86, SD = 1010.06), p = .02. For the letter F section, 

monolinguals produced more errors than bilinguals, F(2,66) = 4.94, p = .01 (BF10 = 4.58). 

Post hoc tests showed that the differences were significant between monolinguals (M = .84, 

SD = 1.12) and low switch bilinguals (M = .28, SD = .55), p = .04, as well as between 

monolinguals and high switch bilinguals (M = .21, SD = .42), p = .01, but not between the 

bilingual groups. There was a significant difference between groups in RT on the letter A 

section, F(2,69) = 3.31, p = .04 (BF10 = 1.42). Post hoc tests showed an advantage for 

monolinguals (M = 5321.61, SD = 1278.73) compared to high switch bilinguals (M = 

6656.62, SD = 1983.33). There was a significant difference in the ANOVA for number of 

errors on the letter sections combined, F(2,69) = 3.15, p = .05 (BF10 = 1.24), but this was not 

significant for any of the post hoc tests. There were two measures with significant differences 

for the animals category, number correct, F(2,73) = 3.12, p = .05 (BF10 = 1.26), and accuracy, 

F(2,73) = 4.45, p = .02 (BF10 = 3.48). For number correct, post hoc tests showed an 

advantage for monolinguals (M = 30.55, SD = 7.01) compared to high switch bilinguals (M = 

25.03, SD = 7.66), p = .05, but not low switch bilinguals. For accuracy, the difference was 

between low switch bilinguals (M = .99, SD = .01) and high switch bilinguals (M = .97, SD = 

.04), p = .01, but neither of these groups differed significantly from monolinguals. When the 

category sections were combined, a significant difference was present for the number of 

repetitions, F(2,74) = 4.04, p = .02 (BF10 = 2.31). Here, monolinguals (M = 1.24, SD = 1.14) 

had more repetitions on average than low switch bilinguals (M = .33, SD = .64), p = .02, but 

the difference was not significant for high switch bilinguals, who would be expected to 

outperform both groups.  There was also a significant difference in accuracy between groups, 

F(2,74), p = .02 (BF10 = 2.78). Post hoc tests showed a significant difference between 

monolinguals (M = .97, SD = .03) and low switch bilinguals (M = .99, SD = .01), p = .04, as 

well as between low switch and high switch bilinguals (M = .97, SD = .03), p = .04, but the 

difference between monolinguals and high switch bilinguals was not significant. Finally, 

there was a significant difference in number correct when switching between categories, 

F(2,62) = 5.42, p = .007 (BF10 = 6.83). Post hoc tests showed an advantage for monolinguals 

(M = 19.83, SD = 3.11) compared to high switch bilinguals (M = 15.15, SD = 4.23), p = .005, 

but not between any other combination of groups.  

In the final ANOVA, with linguistic distance groups, there was a significant 

difference in overall RT, F(2,47) = 3.27, p = .05 (BF10 = 1.59), but post hoc tests were not 

significant between any of the groups. Monolinguals tended to produce more errors in the 
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letter F section, F(2,44) = 4.77, p = .01 (BF10 = 4.39). Post hoc tests showed that 

monolinguals (M = .84, SD = 1.12) made more errors than both related bilinguals (M = .19, 

SD = .4), p = .04, and distant bilinguals (M = .08, SD = .03), p = .03, but the difference 

between the bilingual groups was not significant. For the letter A section, there was a 

difference in RT, F(2,45) = 4.51, p = .02 (BF10 = 3.84). According to post hoc tests, there was 

an advantage for monolinguals (M = 5321.61, SD = 1278.73) compared to related bilinguals 

(M = 6776.26, SD = 1543.23), p = .01, but other group comparisons were not significant. 

There were no significant differences between groups in individual category sections but, 

when these were combined, there was a significant difference in the number of repetitions 

made, F(2,47) = 4.62, p = .02 (BF10 = 4.17). In the post hoc tests, monolinguals (M = 1.24, 

SD = 1.14) made more repetitions than related bilinguals (M = .41, SD = .71), p = .02, but 

other group comparisons were not significant. When switching between categories, there was 

a difference between groups in the number of correct responses, with a monolingual 

advantage as in the other analyses, F(2,40) = 6.93, p = .003 (BF10 = 17.27). In the post hoc 

tests, monolinguals (M = 19.83, SD = 3.11) significantly outperformed both related bilinguals 

(M = 15.38, SD = 3.84), p = .009, and distant bilinguals (M = 15.25, SD = 4.99), p = .009, but 

there was no significant difference between the bilingual groups.  
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Table 15  
Summary of ANOVA results, indicating whether observed advantages were for bilinguals or monolinguals 
Measure Initial ANOVA Gapped Groups Language Switching Linguistic Distance 
Animacy/Size         
Accuracy on control trials Bilingual -- -- -- 
Accuracy on switch trials Bilingual -- -- -- 
Letter/Number         
Accuracy overall Bilingual -- -- Bilinguals (related) 
Accuracy on mixed trials Bilingual -- -- Bilinguals (related) 
Accuracy on switch trials Bilingual -- -- Bilinguals (related) 
Accuracy on repeat trials Bilingual Bilingual -- Bilinguals (related) 
Efficiency on control trials Bilingual -- -- -- 
Local RT switch cost Monolingual Monolingual -- -- 
Mixing RT cost -- Monolingual -- -- 
Response Switching         
Mixing cost for accuracy Bilingual Bilingual -- Bilinguals (distant) 
LexTALE         
Accuracy -- Monolingual -- -- 
Verbal Fluency         
Typing speed paragraph Monolingual -- -- Monolingual* 
Overall RT Monolingual Monolingual Monolingual Monolingual* 
Letter F error rate Bilingual Bilingual Bilingual (high switch) Bilingual (distant) 
Letter A RT Monolingual Monolingual Monolingual Monolingual 
Letter (all) error rate Bilingual Bilingual Bilingual (low switch)* -- 
Category (animals) number correct -- Monolingual Monolingual -- 
Category (animals) overall accuracy -- -- Bilingual (low switch) -- 
Category (transport) accuracy Bilingual -- --   
Category (all) number of repetitions Bilingual Bilingual Bilingual (low switch) Bilingual (related) 
Category (all) overall accuracy -- -- Bilingual (low switch)* -- 
Switching (category) overall correct Monolingual Monolingual Monolingual Monolingual 
Switching (all) overall number correct -- Monolingual -- -- 

*Not significant for post hoc tests 
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Verbal Fluency Response Patterns 

According to Luo et al. (2010), monolingual and bilingual groups can differ in their 

response patterns over time in a verbal fluency measure. In the current work, the overall time 

for each section was divided into 4 separate 30-second time blocks for which the numbers of 

correct responses were plotted in Figures 2-11. As above, a series of ANOVAs were run to 

compare monolingual and bilingual performances across time blocks, the results of which can 

be found in Appendix I and are summarised in Table 16. The overall pattern of responses for 

monolinguals and bilinguals did differ, with monolingual advantages typically occurring 

within the first and second blocks before their number of responses began to decrease. 

Bilinguals tended to have more consistent output over time and were able to match 

monolingual performance in the later blocks. In the transport category, bilinguals (M = 3.2, 

SD = 2.2) were able to outperform monolinguals (M = 1.9, SD = 1.5) in the final block, F(1, 

74) = 6.11, p = .02. 
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Table 16  

Summary of group advantage by time block on verbal fluency 

Verbal Fluency Time Initial ANOVA Gapped Groups Language Switching Linguistic Distance 
Overall         
Number correct (1st block) -- Monolingual -- -- 
Number correct (2nd block) -- -- Monolingual -- 
Accuracy (3rd block) Bilingual Bilingual Bilingual (low switch) -- 
Letter F         
Number correct (2nd block) Monolingual Monolingual -- -- 
Letter A         
Number correct (2nd block) Monolingual Monolingual Monolingual* Monolingual 
Number correct (3rd block) Monolingual -- -- Monolingual 
Category (animals)         
Number correct (1st block) Monolingual Monolingual Monolingual Monolingual 
Category (transport)         
Number correct (1st block) Monolingual Monolingual Monolingual Monolingual 
Number correct (2nd block) Monolingual Monolingual Monolingual Monolingual 
Number correct (4th block) Bilingual Bilingual Bilingual (high switch) -- 
Category (all)         
Number correct (1st block) Monolingual Monolingual Monolingual Monolingual 
Number correct (2nd block) Monolingual Monolingual -- -- 
Switching (category)         
Number correct (4th block) -- -- -- Monolingual 
Switching (all)         
Number correct (4th block) Monolingual Monolingual Monolingual -- 

*Not significant for post hoc tests 
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Figure 2  
Number of correct responses overall in the verbal fluency by time block 

 
 
 

Figure 3  
Number of correct responses in the verbal fluency letter F section by time block 
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Figure 4  
Number of correct responses in the verbal fluency letter A section by time block 
 

 

 
 
Figure 5 
Number of correct responses in the verbal fluency letter sections by time block 
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Figure 6  
Number of correct responses in the verbal fluency animals section by time block 

 
 
 
Figure 7  
Number of correct responses in the verbal fluency transport section by time block 
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Figure 8  
Number of correct responses in the verbal fluency category sections by time block 

  
 

 

 
Figure 9  
Number of correct responses in the verbal fluency letter switching section by time block 
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Figure 10  
Number of correct responses in the verbal fluency category switching section by time block 

  
 

 

Figure 11  
Number of correct responses in the verbal fluency switching sections by time block 
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monolinguals (M = 156.66 seconds, SD = 51.86) were faster than bilinguals (M =188.23, SD 

= 54.48) in the initial analysis, F(1,77) = 5.31, p = .02. There were no significant differences 

between the gapped or language switching groups in typing speed. For the linguistic distance 

analysis, there was again a significant difference in paragraph typing speed, F(2,48) = 3.45, p 

= .04, but this was not significant in the post hoc tests.  

An ANCOVA was also conducted with typing speed (paragraph) used as a covariate, 

the results of which can be seen in Appendix J. Monolinguals advantages in RT were no 

longer present once typing speed had been accounted for, with a single monolingual 

advantage in overall number correct on the category switching block remaining.  

 

6.3.3. Bilingual background measures 

Results on each of the executive functioning measures for the bilingual sample were 

placed into a regression model with a series of background variables as predictors. The 

background variables were: the age of L2 acquisition (AoA); self-rated L2 ability on a 7-

point scale; frequency of language switching (FoLS) on a 6-point scale; linguistic distance as 

calculated by the elinguistics.net calculator (Beaufils, 2015) and SES on a 5-point scale using 

fathers’ education level as a proxy. Coefficients and standard errors for all tests can be seen 

in Appendix K. 

 

Animacy Switching 

 The regression model significantly predicted local switch costs for the animacy 

switching task, F(6,49) = 2.558, p = .03, , adj. R2 = .145. Variables that contributed 

significantly to the model were participant age, p = .04, frequency of language switching, p = 

.01, and linguistic distance, p = .02. 

 The model did not significantly predict global switch costs, F(6,49) = .269, p < .05, 

adj. R2 = -.087. None of the background variables were significant predictors in this model. 

 The model also did not significantly predict mixing costs on this measure, F(6,49) = 

.271, p > .05, , adj. R2 = -.086. None of the variables were significant predictors. 

 

Colour Shape 

 The regression model did not significantly predict local switch costs for the colour 

shape task, F(6,58) = .812, p > .05, adj. R2 = -.018. None of the background variables were 

significant predictors of local switch costs.  
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 It also did not significantly predict global switch costs, F(6,58) = .596, p > .05, adj. R2 

= -.039. None of the background variables were significant predictors. 

 Mixing costs on the colour shape were also not significantly predicted by the model, 

F(6,58) = .576, p > .05, adj. R2 = -.041. Again, none of the individual variables were 

significant predictors.  

 

Letter Number 

 The regression model did not significantly predict local switch costs on the letter 

number, F(6,49) = 1.382, p > .05, adj. R2 = .04. There was a single significant predictor, 

linguistic distance, p = .02, in this model.  

 The model did not significantly predict global switch costs, F(6,49) = .901, p > .05, 

adj. R2 = -.011. None of the variables were significant predictors of these switch costs. 

 The regression model did not significantly predict mixing costs here, F(6,49) = 1.469, 

p > .05, adj. R2 = .05. L2 ability, p = .04, was the only significant predictor in this model. 

 

Response Switching 

 For the response switching task, the regression model did not significantly predict 

local switch costs, F(6,57) = 1.189, p > .05, adj. R2 = .02. None of the background variables 

were significant predictors. 

 The model was also not a significant predictor of global switch costs, F(6,57) = 1.388, 

p > .05, , adj. R2 = .04. Here, linguistic distance, p = .02, was a significant predictor.  

 For mixing costs, the model was not a significant predictor F(6,57) = 1.051, p > .05, 

adj. R2 = .005. Again, linguistic distance, p = .04, was a significant predictor within the 

model.  

 

Verbal Fluency 

 Finally, the regression model did not significantly predict switching accuracy for the 

verbal fluency task, F(6,38) = 1.605, p > .05, adj. R2 = .076. None of the individual variables 

were significant predictors.  
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6.4. Discussion 

 

The current work aimed to examine the relationship between a number of bilingual 

background variables and performance on a series of cued switching tasks, partly as a 

replication of Paap et al. (2017). Analyses also directly compared monolinguals and 

bilinguals, with the latter then separated into groups based on self-rated ability, daily 

language switching habits and the linguistic distance between their L1 and L2. The following 

section will discuss these results in detail, separated by task type.  

 

6.4.1. Monolingual and bilingual comparisons 

 
LexTALE 

There was a single monolingual advantage in LexTALE accuracy across all analyses, 

when compared to “high ability” bilinguals in the gapped groups analysis. Even in this case, 

bilingual performance was high on this measure at over 80% correct. The measure is 

designed to be a test for high proficiency English speakers and so this indicates a high level 

of English language ability among the bilingual group as a whole.  

 

Colour Shape 

The colour shape task has received the most attention in the literature as a result of 

Prior & MacWhinney’s (2010) finding of a bilingual advantage on this task. Results, 

however, have been inconsistent and often counter the narrative of the bilingual advantage 

(Paap et al., 2017). The current work is no exception to this, finding no significant differences 

between monolinguals and bilinguals regardless of bilingual grouping. While connections 

between colour shape and language switching performance in particular have been found in 

some groups (Timmermeister et al., 2020), the absence of any bilingual advantage on this 

task has been prevalent more often than not. Accuracy rates on this task in the current work 

were among the highest in the battery and so more subtle differences related to bilingual 

background may have been lost. 
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Response Switching 

The bilingual advantage literature has not previously involved an exploration of 

response switching. While the task itself was structured similarly to the other cued switching 

tasks, neuroimaging evidence suggests that different networks are involved in response 

switching when compared to the type of task switching typically used in this area (Kim et al., 

2012; Ravizza & Carter, 2008). In the current work, a single bilingual advantage was found 

in mixing costs. The standard measure in the literature is RT mixing costs but the bilingual 

advantage here was found in accuracy mixing costs, meaning that bilingual performance did 

not decline as much as monolinguals when required to mix. This was fairly consistent, with 

the advantage found in every analysis except for linguistic distance, and was the only 

bilingual advantage found in either mixing or switch costs throughout the study. It is possible, 

therefore, that response switching is processed differently by bilinguals than other forms of 

switching. Ravizza and Carter (2008) note the distinction between different forms of task 

switching; for perceptual switching, such as the colour shape, a participant has to attend to 

different visual aspects of a stimulus, whereas response switching requires a shift in goal-

directed behaviour. The latter may be of particular interest within the bilingual language 

debate, as these subtle differences in task demands could be more closely related to the goal-

directed language switching in bilinguals’ daily lives.  

 

Letter Number 

According to accuracy rates as well as reports from participants, this task was the 

most difficult in the battery. While still a cued switching task with a similar layout to the 

previous measures, the cue provided was less directly related to the properties of the stimuli. 

The colour shape, for example, showed a rainbow for the “colour” cue and a circle within a 

triangle as the “shape” cue. For the letter number, the cue was a black box located either 

above (number) or below (letter) a fixation cross. It may, therefore, have been more 

challenging to remember the meaning of these cues in addition to performing the task, 

creating an additional working memory load that could also interact with bilingual 

performance (Costa et al., 2008; Trevisol & Tomitch, 2017).  

This task also showed the most consistent bilingual advantages in the initial analyses, 

across both accuracy and efficiency scores, although these only remained in later analyses 

when grouping bilinguals by linguistic distance. For RT, there were some monolingual 

advantages, for local switch costs and, in the gapped group analysis, mixing costs. These, 

crucially, are areas in which bilingual advantages would be expected to appear and so a 
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monolingual advantage, however inconsistent, directly contradicts the theory of more 

efficient switching for bilinguals. In the accuracy comparison, bilinguals were more accurate 

overall but did not have an advantage in switch costs. They were equally as affected by 

switching as monolinguals while remaining more accurate overall on these trials. Paap et al., 

(2017), using an identical letter number task, found no significant differences between 

monolinguals and bilinguals, although results did lean slightly towards a bilingual advantage. 

This suggests that the advantages found in the current work, both for bilinguals in accuracy 

and efficiency as well as switch costs for monolinguals, may not be robust, thus continuing 

the pattern of inconsistent results found in the literature.  

 

Animacy Size 

Similarly to the letter number task, there were significant advantages in the initial 

analysis for bilinguals in accuracy on this task. While this applied to both control and switch 

trials, it did not extend to switch costs or an RT advantage. The difference was also not 

significant in any of the later analyses and no further bilingual advantages were apparent for 

any of the grouped bilingual analyses.  

Paap et al. (2017) found no significant differences on this task and suggested that the 

nature of the task may have led to some confusion for participants. Some items may have 

been difficult for participants to classify initially, for instance some lizards are larger than a 

soccer ball. This would typically affect only the first set of trials and, in the case of Paap et al. 

(2017), these were the bulk of the control trials. As this could have slowed participants down 

or reduced accuracy for the control block only and not the switching blocks, mixing cost 

calculations may have not reflected typical task performance. To avoid this issue in the 

current study, a sandwich design as recommended by Paap et al. (2017) was used, with 

control trials both at the beginning and end of the task. Despite this amendment to the task 

design, no mixing cost differences emerged between the groups. 

 

Verbal Fluency 

Results from the verbal fluency (VF) task were the least consistent in terms of 

bilingual and monolingual advantages. Bialystok et al. (2008a) suggest that bilinguals have a 

disadvantage in lexical access when compared to monolinguals and will therefore have worse 

performance in the “category” section of the verbal fluency, but may be able to compensate 

with more efficient executive functioning skills when the section requires switching between 

categories. While this was supported in Study 2 of the current work, in which monolinguals 
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had a category naming advantage until the switching section in which the groups performed 

equally, it was not the case in the current study.  Here, a larger number of bilingual 

advantages occurred in the category section, with a monolingual advantage in number of 

correct responses in the category switching section. There were also monolingual advantages 

in the letter section, where bilinguals would be expected to perform at an equal level with, or 

perhaps outperform, monolinguals (Bialystok et al., 2008a).  

Monolingual advantages tended to be in response time. As their average typing speed 

was higher than that of the bilingual sample, an ANCOVA was conducted with speed as a 

covariate. This confirmed that the monolingual RT advantages were due to typing speed only 

as these differences were no longer significant. However, the advantage for monolinguals in 

number correct over the category switching block remained significant.  

The two-minute time limits for each VF section were further split into 30-second 

blocks. Through this, it became apparent that bilinguals and monolinguals had distinct 

patterns of responses over time. Luo et al. (2010) suggest that bilinguals may initially have a 

lower response rate than monolinguals due to vocabulary size or lexical access, but they will 

be better at monitoring their responses throughout the task. This becomes beneficial after 

more time has passed, as bilinguals will be able to keep track of their earlier responses and 

inhibit repetitions more efficiently than their monolingual peers. In the current work, 

monolingual advantages in number of responses did tend to occur in early blocks while 

bilinguals were able to match or even outperform monolinguals in blocks 3 and 4. Bilingual 

responses were more consistent overall, while monolinguals’ response speed decreased at a 

faster rate as predicted by Luo et al. (2010). However, similarly to the overall analysis, 

bilingual advantages occurred in category fluency, rather than letter fluency, trials. The latter 

is more reliant on executive control (Bialystok et al., 2008a) and should therefore be a more 

manageable task for bilinguals. 

In summary, group differences between monolinguals and bilinguals across all of the 

executive functioning measures were infrequent and inconsistent. Bilingual advantages 

occurred in the initial analyses for the animacy size and letter number tasks, but these did not 

remain after the bilingual groups were separated by proficiency or switching frequency, 

suggesting that these variables were not strong influences on the advantages found. Some 

advantages remained for bilinguals with closely related languages in the letter number, 

providing some support to the cross-linguistic interference hypothesis. The following section 

will provide more detail about the relationships between several bilingual background 

variables and EF skills. 
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6.4.2. Bilingual background variables 

 
Age of L2 Acquisition 

The age at which an individual is first exposed to their second language is at the 

centre of the “critical period” debate, in which it has been suggested that a young age of 

acquisition (AoA) provides the best chance of reaching native-level fluency (Abutalebi & 

Clahson, 2018). A younger AoA may also be related to improved executive functioning 

(Archila-Suerte et al., 2015), although there is little evidence of this to date.  For the current 

work, there did not appear to be a relationship between AoA and EF performance.  

 

L2 Ability  

The relationship between self-rated L2 ability and EF performance was inconsistent. 

Within the regression analysis, L2 ability was shown to be a significant predictor of letter 

number mixing costs, however this was within a model that did not significantly predict these 

scores. 

This differs from the results of the ANOVA, in which no significant differences were 

found in mixing costs. In the letter number task, the switch cost advantage for higher level 

speakers was in local accuracy costs, as opposed to local RT costs, in which a monolingual 

advantage was found in the gapped groups analysis. There was a bilingual advantage in 

accuracy on repeat trials in the gapped groups analysis, which may have helped to drive this 

relationship and suggests that bilinguals may be more capable of monitoring demands across 

the task as a whole, rather than in switch trials alone.  

In the verbal fluency task, it was expected that bilingual participants would struggle 

more with category naming, but this was not the case in the initial analysis. For the gapped 

groups, there was no longer an accuracy advantage on the vehicles category for high level 

bilinguals. The initial difference between monolinguals and bilinguals was small, but 

contradicted the assumption that monolinguals would be better than bilinguals on this section. 

It may be the case that high level bilinguals perform more similarly to monolinguals in a 

semantic task, but this has not been found by other researchers (Luo et al., 2010).  

Language switching  

Language switching habits were of particular interest in the current work, as frequent 

switching has been linked to improved performance across multiple executive functioning 
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tasks (Verreyt et al., 2016, Timmermeister et al., 2020). For the majority of the current tasks, 

there were no significant relationships between performance and language switching habits. 

In the case of animacy switching, which was the only significant regression model for this 

study, FoLS was a significant predictor of local switch costs.  

For the verbal fluency task, FoLS was not a significant predictor of any of the EF 

measures. The results do suggest an advantage for low frequency switchers in the category 

section of the verbal fluency, however. In the ANOVA results, low frequency switchers 

appeared to have a greater advantage in the category section. Luo et al. (2010) suggest that 

bilinguals may be challenged in this task by language interference. If low frequency switchers 

are used to focusing on one language at a time in their daily lives, this could provide an 

advantage over high frequency switchers in limiting interference from an irrelevant language. 

High frequency switchers, on the other hand, showed improved performance in the error rate 

on the letter F section. According to Luo et al. (2010), it is in the letter section that improved 

EF can lead to advantages, thus the practice of frequent language switching would become 

more prominent.  

The current results show mixed support for high FoLS as a factor in EF advantages. 

More frequent switching was related to better performance on the animacy switching task and 

on one section of the verbal fluency task that relied on EF, but other results were null. There 

is a possibility that low frequency switchers were able to overcome the problems typically 

associated with bilingual performance in category naming on the verbal fluency, but the 

reason for this is unclear. 

 

Linguistic distance  

Recent research (Laketa et al., 2021) has indicated that the similarity or distance 

between a bilingual’s languages may have an impact on functioning. There have been 

inconsistencies, however, in whether closely related languages or more distant ones can 

support bilingual advantages more. The cross-linguistic interference hypothesis, for instance, 

posits that the interference created by using two closely related languages will lead to more 

practice in executive control (Laketa et al., 2021). Others suggest that distant languages 

would require more careful monitoring and thus lead to EF advantages (Barac & Bialystok, 

2012). 

Typically in this field, participant samples will be from one of two or more distinct 

language backgrounds in order to compare those specific groups. In the current work, 

bilingual participants came from a wide range of national and language backgrounds and so 



 125 

linguistic distance was measured on a 0-100 scale from Beaufils (2015) and treated as a 

continuous variable in the regression analysis. For the ANOVA analysis, linguistic distance 

was adapted into a grouping variable. Participants were placed into a “related” language 

group if their languages were between 0 and 50 on the scale and a “distant” group if their 

languages were between 70 and 100. Those with a relatedness score between 50 and 70 were 

excluded from the ANOVA to create a larger distinction between these groups, based on the 

same reasoning behind the gapped groups ANOVA.  

Although the majority of the main regression models were not significant, linguistic 

distance was the most frequent individual predictor of switching performance. This was the 

case for animacy local switch costs, letter number local switch costs as well as both global 

and mixing costs on the response switching task. Again, this highlights the potential 

difference in task demands between the response switching measure and other tasks, 

suggesting that different mechanisms may be at play in bilingual performance.  

The ANOVA also demonstrated improved accuracy mixing costs for the response 

switching task, in which distant bilinguals had improved performance compared to both 

monolinguals and related bilinguals. For the letter number, however, there was an advantage 

for related bilinguals across accuracy scores and no bilingual advantage in RT or switching 

measures.  

These results put us no closer to determining how linguistic distance may interact 

with bilingual advantages when they emerge, or in which aspect of functioning it may have 

an impact. It may be the case that distant languages could lead to a switching advantage, but 

this is not consistently supported by the current work. A larger sample size may have been of 

benefit, as this would have ensured more representation from a range of relatedness scores.  

 

Socioeconomic status 

Socioeconomic status (SES) is difficult to control for in studies of bilingualism, as 

groups cannot be randomly sampled. Low SES can be correlated with poorer EF performance 

(Hackman et al., 2015) and so it was important to consider its impact on group differences. In 

the current work, father’s education was used as a proxy for SES. Results in the regression 

analysis did not show SES as a significant predictor of any switching scores.  

 

6.4.3. Overall discussion 

The focus of the current work was on bilingual and monolingual performance in 

executive control, specifically task switching costs. Past research has shown bilingual 
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advantages across various switch cost types (Prior & MacWhinney, 2010; Wiseheart et al. 

2016). The results of the current work, however, corroborate the conclusions made by Paap et 

al. (2017), as very few differences in switch costs between bilinguals and monolinguals were 

significant.  

Where significant, switching and mixing costs favoured monolinguals (letter number 

local switching and mixing costs) except for a single bilingual advantage in response 

switching accuracy mixing costs. An advantage in response switching provides some 

justification for moving on from “perceptual” switching tasks such as the colour shape (Kim 

et al., 2012) where the majority of results have been null (Paap et al., 2017).  

A relatively large proportion of group differences in accuracy and efficiency scores 

occurred in the most difficult task, the letter number, which may have involved an additional 

working memory load compared to easier measures such as the colour shape. This illustrates 

two concerns within the literature, the first of which is the task impurity problem (Miyake & 

Friedman, 2012). Experimental tasks are not able to access executive functioning directly; 

measures will always require the input of other abilities, for example motor skills (how 

quickly an individual can press a response button). Performance on the letter number could 

have been affected by working memory processes rather than purely task switching (Costa et 

al., 2008). The second issue is that of ceiling effects. The more challenging letter number task 

may have allowed some variation between groups to emerge. A battery of tasks designed 

with varied difficulty, task demands and working memory involvement would allow 

researchers to separate the effects of bilingualism from task-related factors, but our 

understanding of what these tasks are measuring is not complete (Valian, 2016).  

Another aim of the current work was to assess the impact of bilingual background 

variables, such as daily language switching habits and linguistic distance, on the development 

of any EF advantages. Authors in this field have yet to reach a consensus regarding the effect 

of linguistic distance and whether a close or distant relationship between an L1 and L2 is 

more likely to create the optimum circumstances for better EF. It could be the case that 

distant languages require more monitoring or that related languages may interfere with each 

other more often, either of which could place more everyday demands on EF. While the 

current results suggest some benefit for distant languages in terms of switch costs, these 

advantages were only present in two measures.  

In terms of language switching, the results were similarly inconsistent, although 

higher FoLS was related to improved switch costs in the response switching measure alone. 

While language switching has been shown to influence EF ability (Soveri et al., 2011; 



 127 

Verreyt et al., 2016), the specific contexts in which the languages are used may be more 

relevant. The Adaptive Control Hypothesis (Green & Abutalebi, 2013) suggests that those 

who typically engage in a dual-language context are more likely to benefit from switching 

practice. Here, individuals speak two languages within the same context, but with different 

individuals, and must therefore adapt their language use constantly according to the situation. 

This contrasts with single language contexts, in which only one language is used in any given 

context and requires limited switching (e.g. speaking L1 at home and L2 at work) and a dense 

switching environment in which everyone speaks the same languages. In the latter 

environment, in which code switching is common, less attention needs to be paid to which 

language should be used at any given time. Frequency of language switching measures, as 

used in the current work, do not typically provide information on these contexts (Paap et al., 

2017). It may be beneficial to recruit participants from specific switching contexts, as in 

Timmermeister et al. (2020) or to develop a questionnaire to collect this information, but both 

of these approaches were beyond the scope of the current work.  

In conclusion, the current work has introduced some novel approaches for future 

work. Linguistic distance, for example, can be measured as a continuous variable in situations 

where specific language grouping is not possible. Extending the definition of task switching 

to cover measures other than the typical colour shape paradigm could also provide more 

insight into differences between monolinguals and bilinguals, although the effect of 

extraneous factors, such as the involvement of working memory, should be taken into 

account.  
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Chapter 7 

Study 4 

 

7.1. Introduction 

 

Inconsistent results in the field of bilingual executive functions (EF) have encouraged 

researchers to look beyond the treatment of bilingualism as a simple categorical variable 

(Baker, 2011) and instead examine specific aspects of language experience that could 

contribute to differences in EF processing (Yang et al., 2016; Yang & Yang, 2017). Bilingual 

participants differ from one another in a number of experiences which could also impact upon 

their EF ability (see Section 2.1 for discussion). As with Study 3, which was conducted at the 

same time due to time constraints, the current study aimed to explore bilingual background 

variables that could be related to bilingual executive function. It is also a direct comparison 

between performance on a language switching measure and the colour shape task used in 

previous studies.  

Several studies have reported a bilingual advantage in task switching costs compared 

to monolinguals (Garbin et al., 2010; Prior & Gollan, 2011; Prior & MacWhinney, 2010), and 

cued switching tasks such as the colour shape provide scores for three different switch costs. 

Local switch costs are the difference in RT between switch and repeat trials within a mixing 

block and reflect an individual’s general ability to prepare for a response (Wiseheart et al., 

2016). Global switch costs, the difference in mean RT between switch and control blocks, 

indirectly measure active task set maintenance and sustained attention (Wiseheart et al., 

2016). Finally, mixing costs are calculated as the difference between RT on repeat and 

control trials (Paap et al., 2017). Although previous work has found differences across all 

three of these costs (Gold et al., 2013; Prior & MacWhinney, 2010; Stasenko et al., 2017; 

Wiseheart et al., 2017), this has not been the case in the current work. Studies 2 and 3 

involved one of the most common task switching measures in the field and found mixed 

results that were, on occasion, in favour of monolinguals rather than bilinguals. Paap et al. 

(2017) found that null or inconsistent results have become the norm in the literature and 

therefore argue against the existence of any bilingual advantages. Others have suggested that 

only certain bilingual backgrounds could encourage the development of EF advantages 

(Valian, 2016), for example, high frequency of language switching.   
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It has been proposed that the process of language switching uses similar mechanisms 

to that of non-linguistic task switching, but the degree to which they overlap is debated (Paap 

et al., 2017). While there is evidence for a shared neural network between language and task 

switching (De Baene et al., 2015), different patterns of switch costs for the two skills have 

also been observed (Calabria et al., 2012; Calabria et al., 2015). Prior and Gollan (2013), 

found that, despite differences between the tasks in practice effect patterns, there were 

correlations between language and task mixing costs. Verreyt et al. (2016) argued that 

language switching was a vital component of bilingual advantages found in their inhibitory 

control tasks. To add to this, Soveri et al. (2011) found that frequent language switching was 

related more to task switching performance than to other measures of EF.  The current study 

was designed to explore the relationship between bilingual task switching and daily language 

switching habits. While frequency of language switching was featured as a variable in Study 

3, the current work aimed to expand the measurement of language switching and explore it in 

more detail.   

For this purpose, the current study employed a picture naming task similar to those 

used in previous language switching research (Bialystok et al., 2012; Li et al., 2013). 

Monolinguals complete the task in English, while bilinguals are required to select the correct 

response based on switching language cues. As task and language switching show similar 

patterns of switch costs, it has been hypothesised that the underlying processes behind them 

may be related (Declerck et al., 2017; Meuter & Allport, 1999; Prior & MacWhinney, 2010). 

Declerck et al. (2017) found that, although there were significant differences between switch 

costs on these two task types, they were correlated with each other. They came to conclusion 

that there is some, but not a complete overlap between language and task switching. The 

current task was modelled on the structure of the other cued switching tasks and used images 

from the MultiPic library (Duñabeitia et al., 2018). This set of images was produced 

specifically for use with multilingual samples and provides translations of the target words 

across six languages, allowing the current work to recruit participants from multiple language 

backgrounds. 

A leading hypothesis in the field was put forward by Green and Abutalebi (2013). In 

their adaptive control hypothesis, executive functioning advantages do not necessarily result 

from frequent switching alone, but rather specific contexts of language use. The three general 

contexts they describe are: a single language context, in which no switching occurs; a dual 

switching context, in which different languages are used in the same environment with 

different people and a dense code-switching context in which language switching happens 
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regularly, often within the same utterance. It is the dual-language context which places more 

emphasis on controlled switching, as language use must be monitored according to the 

conversational partner. The current work includes information from participants regarding the 

contexts in which they use their languages for this reason.  

The aim of this study was to explore the relationship between language switching and 

non-linguistic switching on a colour shape task, treating the former as both a continuous and 

grouping variable. Multiple bilingual background variables (e.g. age of 2nd language 

acquisition, 2nd language ability) were taken into account. A series of additional questions 

from the BSWQ (Rodriguez-Fornells et al., 2012) were included in the language history 

questionnaire to target more specific patterns of daily language switching, such as how often 

the individual mixes their languages. Colour shape results were also compared to 

performance on a cued language switching (picture naming) task. It was hypothesised that 

increased daily language switching would be related to improved non-linguistic switching 

and that differences in bilingual participants’ performance on the colour shape would vary 

according to the background variables being considered.  

 

 

7.2. Methodology 
 

7.2.1. Participants 

Study 4 involved 135 participants, with 59 monolingual English speakers and 76 

bilinguals (see Table 17 for descriptive statistics). 

Bilingual participants were initially selected based on their ability to speak one of the 

five languages of interest for the study (German, Dutch, French, Italian and Spanish), A 

group of participants (n = 21) either listed one of these languages as their L3 (rather than their 

L1 or L2) or were invited to participate as monolinguals, but passed the threshold for 

bilingualism (a self-rated ability in their L2 above 4 on a 7-point scale). These participants 

were treated as bilinguals for the purposes of the monolingual/bilingual group comparisons 

but did not complete the language switching (picture naming) measure. These bilingual 

participants all spoke English in addition to one or more of the following languages: 

French (1), German (2), Hungarian (1), Polish (2), Portuguese (14), Romanian (2) and 

Spanish (2). 
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Table 17  

Descriptive statistics for the initial and gapped groups analyses 

Group N Age (Mean) Age (SD) 

Monolingual 59 28.31 4.20 

Bilingual 76 26.12 4.32 

Gapped Groups       

Monolingual  23 29.04 3.77 

Bilingual 73 26.10 4.27 

 

As was the case with the previous study, the current work was completed online using 

Gorilla, with participants recruited through Prolific Academic. Pre-screening for participants 

included an age range of 18-35 and student status to match the samples from previous work. 

As the current study was made available in 5 languages other than English, only fluent 

speakers of those languages were invited to participate in the bilingual version of the tasks. 

The number of participants from each bilingual group can be seen in Table 18, with Dutch 

speakers separated by dialects used in Belgium and the Netherlands . 

 

Table 18  

Descriptive statistics for each bilingual group 

 

 
 
7.2.2. Tasks 

Language History Questionnaire: All participants completed an extended form of the 

LHQ (Li et al., 2006) with additional questions regarding their parents' educational 

background (used as a proxy for socioeconomic status) and the extent to which they switch 

languages, using questions adapted from Rodriguez-Fornells et al. (2012). This questionnaire 

Group N Age (Mean) Age (SD) 

Dutch (Belgium) 1 26.00 - 

Dutch (Netherlands) 4 26.50 6.76 

French 7 27.71 4.07 

German 7 29.57 3.78 

Italian 14 26.14 4.62 

Spanish 22 26.36 3.57 

Other 21 24.10 4.15 
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can be seen in full in Appendix C. To limit the length of the questionnaire, only one question 

was selected to assess SES, which is itself a complicated variable. Another common option 

would be to include parental income (Henz, 2019), but as the current sample varied in their 

immigration status and resided in multiple countries, income would not necessarily be 

comparable between individuals.  

Colour/Shape task: The colour shape task used in the previous study was repeated 

here, with participants responding to the colour (blue or red using the "S" and "D" keys) or 

the shape (a circle or a triangle using the "K" and "L" keys) of a presented image according to 

a cue.  

Again, participants had to reach an accuracy above 50% in a set of practice trials to 

progress to the main task. In this section, a cue indicating either colour or shape was 

presented before the target stimulus, then participants were asked to respond as quickly as 

possible with the correct key press. The main task consisted of 3 "mixed" colour and shape 

blocks with 49 trials each and 2 colour- or shape- only blocks for 30 trials.  

Picture naming: In this language switching task, participants were asked to respond 

with the correct name for an object from a set of responses provided.  All participants 

completed the same set of 10 practice trials. Here, a cue- "what is it?"- was displayed on 

screen for 500ms before a target image appeared below it for a further 500ms. Finally, a set 

of 4 English words were displayed at the bottom of the screen, 1 which described the object 

and 3 unrelated nouns. Participants used the "S", "D", "K" and "L" keys to select from these 

options.  

The images and their matching names were taken from MultiPic (Duñabeitia et al., 

2018), which is a set of images designed specifically for this type of task with image names 

available in English, French, Italian, Spanish, German and Dutch (from both the Netherlands 

and Belgium). Once participants had completed the practice trials, they were then directed to 

the main task according to the languages they were able to speak.  

The main task differed for monolingual and bilingual participants. For monolinguals, 

it continued exactly as it had for the practice blocks. For bilinguals, the cue was now written 

either in English or in their other language. For example, for German speakers, the cue would 

be "what is it?" (indicating that they must select the correct English word for the object) or 

"was ist das?" (indicating that a German answer was required). The response options would 

be written in both English and German. For example, for the cue "what is it?" and an image 

of a miner, the options would be as follows: Owl (English irrelevant noun), Miner (correct 
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response, in English), Bergarbeiter (German for "miner", incorrect in this case) and Eule 

(German for "Owl", another irrelevant word).  

 

The main task for bilingual participants was split into 8 blocks of 30 trials with breaks 

provided in between. "Single" blocks with cues either entirely in English or in the other 

language were placed at the beginning and end of the task, with 4 blocks in total. The 

remainder was a set of 4 "mixed" blocks in which the cues could switch languages between 

trials.  

 

Ethical approval for this study was obtained from the Faculty of Engineering and 

Physical Sciences Research Ethics Committee at Queen’s University Belfast. 

 

 

7.3. Results 
 

The current study aimed to explore the relationship between daily language switching 

habits and bilingual executive function. Monolingual and bilingual participants completed a 

non-verbal switching task, the colour shape, and bilinguals were given an additional language 

switching task, picture naming. A modified language history questionnaire (Li et al., 2006; 

Rodriguez-Fornells et al., 2012) provided information on participants’ experience in learning 

and using a second language in order to take the influence of other variables into account. 

Some participants (6 bilinguals and 6 monolinguals) were removed from the analyses due to 

colour shape accuracy scores below chance level. The results of an initial one-way ANOVA 

comparing the bilingual and monolingual groups on the colour shape task can be seen in 

Appendix L.  

On the colour shape task, there were no significant differences between the groups in 

general performance or switch costs. Overall, bilingual participants were slightly more 

accurate and faster to respond than their monolingual peers, but these differences were not 

significant. Previous research, discussed in more detail in the introduction, has found 

bilingual advantages across all three forms of switch costs measured here. The differences 

between monolinguals and bilinguals in the current work were inconsistent in their directions 

and were also not large enough to be significant.  

The results of an additional “gapped groups” analysis, in which participants were 

separated into a group of monolinguals (with no language learning experience outside of 
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school) and “high level” bilinguals (with a self-rated L2 ability of 4 or above on a 7-point 

scale), are listed in Appendix M. Similarly to the initial ANOVA, no significant differences 

were found between monolinguals or bilinguals in the gapped groups analysis. While 

bilingual participants were faster overall, RT and switch cost differences between the groups 

remained non-significant.  

Bilingual participants were also split into two groups based on their self-reported 

language switching habits, with a “low switch” group (who rated their switching as lower 

than 3 on a 5-point scale) and a “high switch” group (who rated themselves as higher than 3) 

who were again compared to monolinguals. Full results of this ANOVA can be seen in 

Appendix N. There were no significant differences between any of these groups in 

performance on the colour shape task. It was hypothesised that those who had more 

experience with switching languages in their daily life would be more efficient in non-verbal 

task switching, but this was not the case for the current results.  

Finally, in order to test the argument that bilingual language switching contexts are 

the main driver of the bilingual advantage, participants were separated according to their 

groupings in the Adaptive Control Hypothesis (Green & Abutalebi, 2013). Monolingual 

participants were compared to bilinguals from a “dual language” switching context on their 

colour shape performance, the results of which can be seen in Appendix O. Again, there were 

no significant differences between groups on any of the colour shape measures. The dual 

language context should provide the most practice in controlled language switching, as it 

requires individuals to consciously focus on a target language which changes depending upon 

with whom they are communicating.  

 

7.3.1. Language Switching and Task Switching 

A picture naming task intended to measure bilinguals’ language switching ability was 

also included in this study. Participants who spoke one of five specified languages (Dutch, 

German, French, Italian or Spanish) completed the bilingual version of the task, while 

monolinguals were asked to name items in English only. Bilinguals who did not speak one of 

these languages as a first or second language, or had initially identified as monolingual when 

recruited for the study, were excluded from this part of the analysis. Participants were also 

excluded if their accuracy was lower than 50% on this task. The sample therefore included 57 

monolinguals and 53 bilinguals. There was a significant difference in accuracy on this 

between monolinguals (M = 95.15, SD = 7.18) and bilinguals (M = 86.8, SD = 11.29), 

F(1,108) = 21.74, p < .001 (BF10  < .001), meaning that bilinguals were affected by the need 
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to switch languages, although the Bayes factor suggests low support for this difference. There 

were no significant differences in accuracy between speakers of different languages on this 

task. 

Descriptive statistics for bilingual task performance, including switch costs, can be 

seen in Table 19. An ANOVA was used to compare monolingual and bilingual performance 

on control trials of the task, as switch comparisons were not possible (see Appendix P for full 

results).  Monolingual participants outperformed bilingual participants on the picture naming 

without the switching element across all the measures, however low Bayes factors suggested 

that this was anecdotal evidence. Monolinguals ((M = 95.57, SD = 7.42) outperformed 

bilinguals (M = 87.99, SD = 11.2) in accuracy on control trials, F(1,108) = 17.77, p < .001 

(BF10  = .003). There was also a monolingual (M = 1161.64, SD = 223.76) advantage over 

bilinguals (M = 1464.25, SD = 296.47) in RT on these trials, F(1,108) = 36.83, p < .001 (BF10  

< .001). Finally, monolinguals (M = 12.37, SD = 3.54) were more efficient on control trials 

than bilinguals (M = 17.07, SD = 4.77), F(1,108) = 34.76, p < .001 (BF10  < .001). 

 

Table 19  

Language switch descriptive statistics for bilingual participants 

 

Language switch measures M SD 

Accuracy 86.80 11.29 

RT 1485.68 304.18 

Local RT switch cost -39.72 106.39 

Local accuracy switch cost -3.27 5.94 

Local efficiency switch cost 0.25 2.19 

Global RT switch cost 42.98 130.03 

Global accuracy switch cost -1.18 3.35 

Global efficiency switch 

cost 

0.50 0.99 

RT mixing cost 62.28 138.81 

Accuracy mixing cost -0.76 6.55 

Efficiency mixing cost 0.98 2.09 
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Correlational analyses were run between bilingual switch costs for both picture 

naming (i.e. language switching) and the colour shape task, the full results of which can be 

seen in Appendix Q. There were no significant correlations in local switch costs between the 

two tasks.  Global RT switch costs on the language switching correlated with global accuracy 

switch costs [r(33) = .366, p = .03] and accuracy mixing costs [r(33) = .340, p = .05] on the 

colour shape, suggesting that slower responses on the language switching were related to 

higher accuracies when switching on the colour shape. Similarly, there were correlations 

between language RT mixing costs and colour shape global accuracy switch costs [r(33) = 

.408, p = .02] and accuracy mixing costs [r(33) = .403, p = .02].  

In addition to examining the relationship between language switching and colour 

shape performance, more specific language experience elements were assessed. An additional 

set of questions on this topic were included in the questionnaire and can be seen in Appendix 

C. Regression analyses were conducted to examine whether these aspects of language 

switching could predict general task switching performance on the colour shape. The first 

model was not a significant predictor of local RT switch costs, F(14,61) = 1.236, p > .05, adj. 

R2 = .04. None of the background questions were significant predictors. The model was also 

not a significant predictor of global switch costs, F(14,61) = .513, p > .05, adj. R2 = -.1. There 

were no significant predictors within this model. Finally, the model did not significantly 

predict mixing costs, F(14,61) = .778, p > .05, adj. R2 = -.04, with no significant predictors 

within the model.  

 

7.3.2. Further Bilingual Background Variables 

To assess the impact of different factors related to bilingualism, regression models 

including bilingual background variables and task performance were conducted. The 

variables of interest were SES (father’s education level), age of L2 acquisition (AoA), self-

rated ability in the L2, the percentage of time spent engaging in the L2 (% use) and self-

reported frequency of language switching (FoLS). Full details of coefficients and standard 

errors can be seen in Appendix R. 

 

Colour Shape 

 The regression model was not a significant predictor of local switch costs for the 

colour shape, F(6,58) = .897, p > .05, adj. R2 = -.01. None of the variables within the model 

were significant predictors.  
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 Global switch costs were also not significantly predicted by the model, F(6,58) = 

.900, p > .05, adj. R2 = -.009. None of the individual variables were significant predictors. 

 For mixing costs, the regression model did not significantly predict performance, 

F(6,58) = .981, p > .05, adj. R2 = -.002. Again, none of the variables were significant 

predictors. 

 

Language Switching 

 The regression model was not a significant predictor of local language switching 

costs, F(6,58) = .869, p > .05, adj. R2 = -.012, and none of the background variables were 

significant predictors. 

 Global switch costs were not significantly predicted by the model, F(6,58) = 1.788, p 

> .05, adj. R2 = .069. None of the variables were significant predictors. 

 Finally, for mixing costs, the model did not significantly predict performance, F(6,58) 

= 1.997, p > .05, adj. R2 = .085. One variable, percentage of L2 use, was a significant 

predictor within the model, p = .013.  

 

 

  



 138 

 

7.4. Discussion 
 

The current study aimed to examine potential bilingual advantages in task switching 

and how they may relate to daily language switching habits. A picture naming task was used 

to assess language switching ability and was compared to non-linguistic task switching 

performance. Task switching and related switch costs were measured through a colour shape 

paradigm, where group comparisons were also made between monolinguals and bilinguals, 

with the latter separated in later analyses by self-rated ability, frequency of language 

switching (FoLS) and by language use context as described by the Adaptive Control 

Hypothesis, or ACH (Green & Abutalebi, 2013).  

Evidence in favour of bilingual advantages have been reported across multiple switch 

costs on this task in previous years, most notably by Prior and MacWhinney (2010). Finding 

an advantage in local switch costs, they came to the conclusion that bilinguals were more 

capable of managing proactive interfering and responding to immediate task set changes, 

rather than sustained attention processes reflected by global switch costs (Prior & 

MacWhinney, 2010, Wiseheart et al., 2016). Paap et al., (2017), however, note that since this 

seminal study, few researchers have been able to replicate the results. Some studies with 

positive results have also found global, rather than local, switching cost advantages for 

bilinguals (Wiseheart et al., 2016). Controversy remains in the field as to whether these null 

and inconsistent results are due to the varied nature of bilingual samples and the way in 

which bilingualism interacts with other beneficial factors (Valian, 2016), or if the bilingual 

advantage simply does not exist (Paap et al., 2017). 

The current results contribute to the “negative” argument, with no significant 

differences between monolinguals and bilinguals found in the colour shape measures, 

regardless of the way in which bilinguals were grouped. For the initial analyses, involving the 

monolingual and bilingual groups as a whole, there was a slight, albeit non-significant, 

bilingual advantage in overall RT. Switch costs, however, were inconsistent in their direction, 

with some (e.g. RT mixing cost) appearing to favour bilinguals but others (e.g. local RT 

switch cost) indicating a slight monolingual advantage. These null results and similar 

inconsistencies remained when the groups were separated into monolinguals with relatively 

little experience of an L2 and bilinguals who rated their proficiency as a 4 or above on a 7-

point scale. As in Paap et al. (2017), this gapped groups analysis was intended to exclude 

participants with ambiguous language backgrounds and create a clearer distinction between 
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the monolingual and bilingual groups. A lack of positive results here suggest that the 

previous null results were not due to a crossover in language experience between the groups.  

Two of the analyses of variance grouped bilinguals according to their daily language 

switching habits, firstly by FoLS and secondly by the context in which they switch languages. 

As language switching practice is argued to be the reason behind more general EF 

advantages, it follows that frequent switching should be a predictor of improved general task 

switching, as found by previous work (Soveri et al., 2011, Verreyt et al., 2016). In the current 

work, bilinguals were separated into low-and high-frequency switch groups and were again 

compared to monolinguals in colour shape performance. There were no significant 

differences between any of the groups, suggesting that a high FoLS was not a benefit to the 

bilingual participants. It could be the case, as argued by Timmermeister et al. (2020), that all 

of these bilinguals had reached a level of language switching that was automatised and no 

longer effortful, regardless of frequency, therefore making differences based on switching 

habits more difficult to detect. Another potential argument is that frequency of switching has 

less of an impact than originally believed. Woumans et al. (2015a) found a relationship 

between language switching and EF, but only for bilinguals of a specific, balanced bilingual 

background. This suggests that the context of language use, rather than simply frequency of 

language switching, may be the dominant influence here.  

Therefore, the subsequent analyses took language context into account, following 

groups defined in the ACH (Green & Abutalebi, 2013). Monolinguals were compared to 

bilinguals who used their languages in a “dual language” context. Here, an individual uses 

their L1 and L2 with different people within the same context and therefore must actively 

maintain the target language to match the language spoken by those around them. This is in 

contrast to a single language group, where either the L1 or L2 is spoken in each context (e.g. 

the L1 is only spoken at home and the L2 is only spoken at work), and a dense code-

switching environment, where the same language pair is understood by multiple people and 

both languages are used interchangeably with frequent switching or mixing. It has typically 

been argued that the dual-language context creates more demand for executive function and 

so bilinguals who use their languages in this way should be more likely to demonstrate EF 

advantages (Blanco-Elorrieta & Pylkkänen, 2018), but this was not the case in the current 

work. As in the other analyses, there were no significant differences between these bilinguals 

and monolinguals in task switching ability or switching costs. This is supported by Kałamała 

et al. (2020), who also found no impact of the dual-language context in performance on a 

series of inhibitory control tasks. Lai & O’Brien (2020), however, found mixed support for 
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the ACH and argued that a straightforward grouping of participants in this manner may not 

be appropriate. Bilingual language use can vary over time and an individual’s lived 

experience may not consistently match with a single context grouping. It may, therefore, be 

beneficial to explore more subtle differences in language switching habits and how they 

interact.  

Bilingual language use is notably diverse, as individuals can speak either of their 

languages across different contexts, with different people and at different levels. A series of 

questions from the BSWQ (Rodriguez-Fornells et al., 2012) were included with the language 

questionnaire here in order to examine the relationship these variables may have with task 

switching. Results here were null, in contrast to expectations from the literature, for example, 

participants who come from “dense code switching” backgrounds. While these individuals 

have more practice in switching languages and may, on the surface, appear to be good 

candidates for the bilingual advantage as a result, Green and Abutalebi (2013) posit that this 

context does not provide experience with controlled, deliberate switching. Contrary to this 

hypothesis, however, is the lack of a relationship between self-reported frequency of 

controlled language switching. This, combined with a lack of significant differences between 

monolinguals and those in a “dual language” context directly contradict the Adaptive Control 

Hypothesis. As previously discussed, it may be useful to further explore these additional 

factors, how they relate to conscious selection of a target language and how effortful this is as 

a result.  

Aside from the use of language switching as a grouping variable, the current study 

also included a measure of language switching ability for the bilingual participants, a cued 

picture naming task. Monolinguals, who completed this task in English only, outperformed 

bilinguals in accuracy, indicating that bilingual performance was affected by the need to 

switch languages. Bilinguals did not significantly differ between language pairs, meaning that 

the specific languages spoken by participants did not affect their ability to switch languages. 

The results of a correlational analysis between language and colour shape switch costs 

were again inconsistent as variables measuring similar processes (e.g. global or local RT 

switch costs) were not significantly correlated with one another. However, there were 

correlations between language switching RT and colour shape accuracy switch costs, 

suggesting that those who were faster to respond to language switches were less accurate on 

the colour shape. This may indicate some speed/accuracy trade-off in switching, but 

efficiency scores across these tasks were not correlated.  
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Language history and personal background variables were included in a final analysis 

of task and language switching performance. Interestingly, self-reported FoLS was not 

related to language switching performance, indicating that there may not be a linear 

relationship between switching practice and ability. There was, however, minor evidence for 

a relationship between frequency of L2 use and language switching performance. Although 

frequent practice in using an L2 has been assumed to be beneficial for cognitive functions 

such as task switching, this was not the case in the regression analysis. 

In conclusion, this study does not lend support to the bilingual advantage argument. 

Bilinguals performed on a similar level to their monolingual peers in the task switching 

measure regardless of their language background. The evidence for frequent language 

switching as a determining factor in bilingual executive functioning remains inconsistent, as 

it appears to interact with the context in which the languages are used.  
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Chapter 8 

Discussion 

 

8.1. Overview 

 

Learning a second language is among several skills that have been reported to alter 

brain networks with extended practice (De Baene et al., 2015; Mechelli et al., 2004) and, as 

bilinguals have experience in managing conflict between their languages, this may result in 

more efficient executive function (EF) management (Baum & Titone, 2014; Coderre et al., 

2015; Kroll & Chiarello, 2016). The current work sought to explore this potential bilingual 

advantage in the context of inhibitory control and task switching. 

A series of four studies were conducted with different adult samples, comparing 

monolingual and bilingual performance in both replications of past research (Paap et al., 

2017) and novel tasks, such as response switching. Certain patterns of everyday language use 

may create more optimal circumstances for a bilingual advantage (Barac & Bialystok, 2012; 

Laketa et al., 2021; Prior & Gollan, 2011; Valian, 2016), such as frequent language switching 

(Soveri et al., 2011; Verreyt et al., 2016), and so a number of background variables became 

the focus of later studies in the work.  

The current work began with a pilot study comparing performance on a set of 

inhibitory control measures with the addition of a language inhibition task. A combination of 

increasing evidence against advantages in inhibitory control (Duñabeitia et al., 2014; Paap & 

Greenburg, 2013) as well as the relatively small amount of research conducted into bilingual 

performance in non-verbal task switching (Paap et al., 2017) inspired a change in direction 

for the current work.  

Study 2 was designed with a new battery of non-verbal task switching measures 

alongside a language history questionnaire (Li et al., 2006). The latter allowed for the study 

of background variables such as self-rated ability and age of acquisition (AoA) in addition to 

the introduction of a “gapped groups” analysis (Paap et al., 2017), in which high-proficiency 

bilinguals could be compared to monolinguals with no experience of a second language (L2) 

outside of a school environment.  

The third study continued to develop the task battery and questionnaire from Study 2, 

moving to an online platform in order to reach a more extensive sample of bilingual 

participants. In part a replication of work by Paap et al. (2017), the study also introduced a 

novel response switching task which had not previously been applied to bilingualism 
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research. The addition of mixing costs and an adapted version of the language history 

questionnaire made it possible to further explore the circumstances of bilingual executive 

functioning. Two new potential variables, language switching and linguistic distance, were 

also a key aspect of the work and were examined both as grouping variables as well as in a 

multiple regression analysis. Linguistic distance, the degree to which an individual’s two 

languages are related or unrelated, had not been studied in this way in previous research. 

Typically, two distinct bilingual groups are selected specifically for their relative linguistic 

distances (Coderre & Van Heuven, 2014; Laketa et al., 2021; Ljungberg et al., 2020). In this 

work, participants came from a range of language backgrounds and a distance value was 

assigned to each language pair using established calculations (Beaufils, 2015).  

Studies 3 and 4 were conducted simultaneously, with the latter more directly focused 

on language switching habits as a contributor to bilingual advantages. Here, a language 

switching task was compared directly to bilingual performance on a single non-verbal 

switching task, the colour shape. Again, additions were made to the language history 

questionnaire to reflect this focus and a new set of switching questions were included. 

Alongside analyses related to self-rated frequency of language switching, participants 

specifically from a dual language switching context were compared to monolinguals on a 

colour shape task. According to the Adaptive Control Hypothesis (Green & Abutalebi, 2013), 

individuals who use both of their languages with different people within the same context are 

more likely to have practice in controlled language switching. This, in turn, is hypothesised to 

lead to benefits in more general executive functioning.  

In the following discussion, the main findings will be summarised and interpreted 

within the context of existing literature. These will be grouped by task type and not by 

individual study, as numerous measures and task types were used across multiple studies. The 

involvement of bilingual background variables, issues within the literature and the limitations 

of this work, alongside future recommendations, will also be discussed.  

 

 

8.2. Bilingualism and inhibitory control 

 

Inhibitory control (IC) has been singled out in the past as a primary candidate for the 

bilingual advantage (Bialystok et al., 2008; Kroll & Bialystok, 2013), partly due to work by 

Green (1998). In his Inhibitory Control Model, a supervisory attentional system monitors the 

activation of a given language and continuously manages inhibition of said activation on a 
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reactive basis. The model posits that this forms part of a larger, more general system of 

inhibitory control and so practice in bilingual language monitoring could contribute to more 

efficient processing of inhibition overall.  

While bilingual advantages in IC have been demonstrated using the Simon 

(Salvatierra & Rosselli, 2011; Woumans et al., 2015), flanker (Luk et al., 2011) and 

attentional network (Costa et al., 2008; Ware et al., 2020) tasks, these results are not always 

consistent, particularly with young adult samples (Hilchey & Klein, 2011). For Study 1, these 

popular tasks were bypassed in favour of measures that were less common in previous 

literature and addressed different forms of inhibitory control, response inhibition and 

interference suppression. Comparisons between this type of control and language inhibition 

were also included in this study and are discussed in more detail in Section 8.5.3. 

An inhibitory control advantage for monolinguals was found in the stop signal task 

(SST), in accuracy on “no-go” trials. In this task, participants were asked to respond as 

quickly as possible to one of two stimuli that indicated either a left or right button press, 

unless a “no-go” signal appeared. This no-go signal occurred after the initial stimulus and so 

participants needed to stop an action that was already in motion. There was no clear reason 

for a monolingual advantage, as the task did not involve language. This was the most difficult 

task in the battery according to participants and was designed specifically to prevent ceiling 

effects, which has often been suggested as a cause of inconsistent results in young adult 

samples (Hilchey & Klein, 2011).  

The SST is a measure of response inhibition, which falls under the umbrella term of 

“inhibitory control” but may not be the most likely candidate for bilingual advantages (Jiao et 

al., 2019). The ability to inhibit responses differs from interference suppression, or ignoring 

information that is irrelevant to a task (Bunge et al., 2002). Bialystok (2017) argues that 

inconsistent results relating to inhibitory control are partially due to a failure to distinguish 

between these two different forms, as the latter is more likely to show a bilingual advantage.  

However, the monolingual SST advantage was the sole significant group difference in 

the current work, with no group differences in measures reflecting interference suppression 

(e.g. the Stroop task). This is not a unique finding, as a number of studies have found no 

evidence for any bilingual advantage in inhibitory control across different task types 

(Bellegarda & Macizo, 2021; Kousaie & Phillips, 2012; Paap & Greenberg, 2013) and age 

ranges (Desjardins et al., 2020; Duñabeitia et al., 2014; Hilchey & Klein, 2011) and when 

advantages have been found for other types of skill training (D’Souza et al., 2018).  
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8.3. Bilingualism, verbal fluency, and verbal switching 
Verbal fluency tasks typically require a participant to list as many items as possible 

that fit given naming criteria within 1 minute. The standard version of the test includes letter 

and category blocks while inclusion of switching blocks is also common. It has often been 

noted that, although monolinguals tend to have an advantage in category naming, bilinguals 

show equal or better performance in letter naming. While each section places demands on 

different skill types, the test as a whole measures language ability, particularly vocabulary 

knowledge and lexical access (Pino-Escobar et al., 2018; Shao et al., 2014). Both sections 

require participants to monitor their responses, keep track of previous answers and inhibit 

items that do not match the specifications but, according to past research (Bialystok et al., 

2008; Friesen et al., 2015; Patra et al., 2020), it is the letter section which places more 

emphasis on executive functioning and therefore lends itself to bilingual advantages. The 

category section, on the other hand, is purportedly closer to natural language use and places 

more demands on lexical knowledge rather than additional attentional processes (Zeng et al., 

2019).  

 In the current work, there was mixed support for this pattern. Monolingual advantages 

in category fluency were found in both studies 1 and 2, with no significant group differences 

in letter fluency in study 2 (this was not measured in study 1).  It is not clear, however, if this 

is due to a difference in executive functioning, as few EF advantages were found for 

bilinguals alongside these results in study 2. In study 3, the results were mixed with some 

bilingual and monolingual advantages present in multiple measures across both category and 

letter naming.  

To further assess EF within the verbal fluency task, a switching measure was 

incorporated into later versions. Monolinguals showed higher category switching costs in 

study 2, but this was the sole bilingual advantage among the EF variables. In study 3, a 

monolingual advantage remained in category naming for gapped groups despite the switching 

element and there were no switch cost differences in any of the analyses.  According to Paap 

et al. (2017), the theory that EF is related to bilingual performance in verbal fluency is not 

sufficiently supported by a difference between letter and category fluency alone. They argue 

that this should occur alongside other EF advantages, measured on different tasks, to be 

definitive, a view which renders the current results inconclusive. While there is some support 

for the predicted pattern of results and a bilingual disadvantage in category naming, there is 

no indication that bilinguals are utilising enhanced EF skills to improve letter or switching 

fluency.  
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8.4. Bilingualism and non-verbal task switching 
 

Task switching is described as the ability to flexibly shift between mental sets 

(Friedman et al., 2008) and it has been suggested that this skill mirrors the bilingual process 

of selecting and switching between languages (Prior & MacWhinney et al., 2010; Wiseheart 

et al., 2016). Similar switch cost patterns (Declerck et al., 2017) and overlapping neural 

activity (Garbin et al., 2010) are described by literature surrounding both task switching and 

language control.  This argument, however, has not escaped the criticism mounting against 

general EF advantages for bilinguals or a pattern of inconsistent results (Hernández et al., 

2013; Paap et al., 2017). 

The current work employed a wide variety of switching tasks, beginning with tasks 

conducted in person such as the WCST and TMT. Both tasks have previously shown a 

bilingual advantage in childhood samples (Bialystok, 2010; Vega & Fernandez, 2010), but it 

is likely that the current sample of young adults reached ceiling performance and no evidence 

was found for any group differences. Ceiling effects do not appear to be an issue for cued 

switching tasks, such as the colour shape, as strong evidence for group differences in a young 

adult sample was provided by Prior & MacWhinney (2010). 

Advantages of cued switching tasks include the relative ease of administration, as 

they do not require the presence of an experimenter, as well as the potential for a more direct 

measure of switching. The impact of having to switch or mix responses can be explored 

through comparison of repeat and control trials. It is in these switch costs where a bilingual 

advantage is reported to emerge, although it is unclear which specific switch costs should 

benefit (Stasenko et al., 2017; Wiseheart et al., 2016).  

Relatively few studies have been able to replicate the work of Prior and MacWhinney 

(2010), while a large number of studies using a colour shape paradigm have found null results 

(De Bruin et al., 2015; Paap & Greenberg, 2013; Paap et al., 2017). Our own replication with 

the battery of tasks used by Paap et al. (2017) also showed little support for bilingual 

advantages, with the only significant switch cost differences in favour of monolinguals on the 

letter number task. The colour shape specifically was used across 3 of the 4 studies in the 

current work, with only a single study finding significant group differences, again in favour 

of monolinguals.  

There was, however, a bilingual advantage found in a novel switching task from study 

3. This difference was in response switching, a higher lower task with a similar structure to 

the other cued switch tasks but which may involve different cognitive processes (Kim et al., 
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2012). While tasks such as the colour shape require perceptual shifting, the higher lower task 

requires participants to shift between two goal-directed behaviours (Ravizza & Carter, 2008). 

Previous studies within the bilingualism literature have not made a distinction between 

different forms of cued switching tasks and these results suggest that it may be a possible 

avenue for future research.  

 

 

8.5. Bilingual background and language history 

 

As discussed in chapter 2, the nature of bilingualism leads to a considerable amount 

of variance within participant samples. As De Bruin (2019) points out, even when 

participants are evenly matched by their language learning history (e.g. age of L2 acquisition, 

proficiency), they are likely to differ in their actual patterns of language use. With the 

inconsistency of results regarding the bilingual advantage, it is becoming clear that any 

relationship between bilingualism and improved EF is not direct and may be affected by these 

background variables. Attention has therefore shifted towards examining which aspects or 

patterns of bilingualism could be the driving force behind differences in EF (DeLuca et al., 

2019; Poarch & Krott, 2019; Valdés et al., 2014).  

This path of research began with specifying the characteristics of bilinguals’ 

backgrounds as earlier publications failed to note these details (Pliatsikas & Luk, 2016). As 

bilingualism is so difficult to narrow down as a variable, it is unlikely that researchers were 

using similar definitions to assign participants to bilingual and monolingual groups and 

inconsistent results may be partly due to differences in sample selection (De Bruin, 2019; 

Leivada et al., 2021).  

 

8.5.1 Proficiency 

A defining trait for bilingual people is their fluency or proficiency in their second 

language, but this is not straightforward to measure (Marian & Hayakawa, 2021). One 

individual could be highly proficient in the spoken form of a language while being far less 

capable in writing, for example. Those who use an L1 at home and an L2 at work or school 

may be more comfortable using technical terms in the L2, despite it being their second 

language. Despite these difficulties in creating a clear definition, there is some evidence that 

the degree of a bilingual’s proficiency could be linked to cognitive advantages (Rosselli et al., 

2016; Xie, 2018). 
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In the current work, a relationship between self-rated ability and EF was only 

suggested by the results of study 3, in which it was related to mixing costs on the letter 

number task. Participants were also separated into gapped groups, based on proficiency, to 

create a more clearly defined separation between monolinguals and bilinguals. Although this 

grouping was used across studies 2-4, it only appeared to alter the pattern of results in study 

3, where there were fewer bilingual advantages and more monolingual advantages when only 

proficient bilinguals were included in the analysis, running counter to the expected results.  

It is also difficult to disentangle proficiency from age of acquisition or length of 

experience with the language, as these typically develop in tandem (De Bruin, 2019). Age of 

acquisition was used as a separate variable in the current work and is discussed below.  

 

8.5.2. Age of Acquisition 

 It is extended practice in using an L2 which is said to provide EF advantages, so 

native bilinguals (or those who learned their L2 from an early age) are more likely to have 

had the time to develop different processing pathways (Hilchey & Klein, 2011; Kroll & 

Bialystok, 2013).  

In the current work, there were no significant relationships between age of acquisition 

and any switch cost measures. Differences may have emerged if the current sample had been 

separated into distinct early and late acquisition groups, as in other studies (Luk et al., 2011), 

but it was beyond the scope of this work to recruit participants based on AoA.  

Despite the assumption that an early age of acquisition is preferable, there is an 

argument that native bilinguals will have always been accustomed to the use of two 

languages, which would therefore not be effortful for them (Duñabeitia & Carreiras, 2015). 

Late bilinguals, however, would have had to adapt their processing to be able to balance their 

languages. Further evidence (Tao et al., 2011; Yow & Li, 2015) suggests that there may be 

different effects of AoA depending on the level of balance between languages. The question 

for researchers may therefore be less centred around specific ages of acquisition, but the skill 

or automaticity with which individuals can manage language conflict.  

 

 

8.5.3. Language inhibition 

 The basis of the bilingual advantage argument is that bilingual individuals have 

constant practice in inhibiting one language in favour of the other and that this experience 

could cross over into general executive control (Hilchey & Klein, 2011; Kroll & Bialystok, 
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2013). An interest for study 1 of the current work, therefore, was to examine how bilinguals’ 

ability to inhibit language would relate to non-linguistic inhibitory control. For this, a 

bilingual “homographs” task (Durlik et al., 2016) was used in which participants had to 

overcome language interference while making semantic decisions. 

There was evidence that good language inhibitors may have had an advantage on the 

inhibitory control measures. More efficient inhibition of language was correlated with better 

performance on the antisaccade measures, particularly on trials with higher control demands. 

This was also the case for go/no-go task performance, despite no bilingual advantages being 

present in the initial analysis for this task. There was no relationship in the current work 

between the Stroop and homographs task, but evidence for an effect here was found by 

Freeman et al. (2017) in an arrows version of the Stroop. Evidence for a connection between 

language inhibition and general inhibitory control seems to be relatively strong. 

Unfortunately, it was beyond the scope of this work to explore this effect further, as later 

studies involved participants from a variety of language backgrounds and it would not have 

been feasible to produce a version of the homographs measure for them all.  

 

8.5.4. Linguistic distance 

 Two camps have begun to form among those who believe that linguistic distance 

could play a role in general cognitive development. One group believes that managing more 

distant languages would require more skill in monitoring, creating more control demands 

(Barac & Bialystok, 2012). The cross-linguistic interference hypothesis, on the other hand, 

suggests that the closer two languages are, the harder an individual speaker must work to 

distinguish one from the other. If this is the case, then closer linguistic distance creates more 

competition and therefore more demands on executive control, leading to a stronger 

advantage (Laketa et al., 2021). 

Study 3 took a novel approach to examining the impact of linguistic distance. Rather 

than recruiting participants from two distinct language backgrounds, the sample was recruited 

internationally without specifying the languages spoken. This allowed the use of a continuous 

grading of linguistic distance using a calculator developed through comparative linguistics 

(Beaufils, 2015). The current work found some evidence of a distant language advantage in 

switch cost measures, but this was not consistent across different analyses and efficiency 

scores on the colour shape were better for related languages.  

The impact of linguistic distance is still an open discussion, and it would not be 

surprising to find that it interacts with other aspects of individuals’ language use or 
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background, such as biculturalism (Ljungberg et al., 2020). The act of balancing different 

cultural ideals and norms may mirror the task of managing languages (Laketa et al., 2021) 

and this is a potential avenue for future research which is discussed further in Section 8.7.  

 

8.5.5. Language Switching  

 The Adaptive Control Hypothesis, or ACH (Green & Abutalebi, 2013), is a highly 

cited explanation for the bilingual advantage. The hypothesis states that a bilingual’s daily 

use of a language and the contexts in which each language is used will lead to differences in 

general EF. They suggest three general language use contexts: single language, dual language 

and dense switching. The dual language context, in which the individual uses both languages 

but with different people, is argued to be the most beneficial as it places more demands on 

executive control than the other two contexts.  

Studies 3 and 4 of the current work focused on this aspect of bilingual backgrounds, 

taking into account frequency of language switching (FoLS) and, in study 4, ACH context. 

There was only one significant relationship between FoLS and switch cost measures across 

both studies, with local RT switch cost on the animacy size task. When participants were 

separated into low and high frequency switch groups, there were no significant differences 

between either of these groups and monolinguals on the cued switching tasks. In fact, a 

number of differences which had been significant in the initial analyses disappeared when 

comparisons were made by switching group in study 3. In study 4, there were also no 

significant differences between monolinguals and “dual ACH context” bilinguals in colour 

shape performance.  

Study 4 also introduced a number of new language switching variables. Performance 

on a picture naming task, measuring participants’ ability to switch between their languages, 

was correlated with similar switch cost variables on the colour shape, but the directions of 

these correlations were inconsistent. Further language use variables including, for example, 

how often a participant failed to produce vocabulary in one language while having it 

available in the other language, were added to the language history questionnaire. A number 

of these were related to colour shape performance, suggesting that a wider pattern of 

language experiences outside of switching contexts may be beneficial in assessing the 

bilingual advantage.  

This latter conclusion appears to be corroborated by recent work in the field. 

Kałamała et al. (2020) used a questionnaire specifically designed to assess participants’ 

grouping according to the ACH and found no evidence for a dual-language advantage in 
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response inhibition. They came to the conclusion that language context is not related to 

inhibitory control, but it may be too early to dismiss the ACH altogether. There is continuing 

evidence that these contexts are in some way related to executive control and that a dual 

language context may offer the greatest chance of an advantage (Hartanto & Yang, 2020; 

Struys et al., 2019). However, as has been a consistent pattern, bilingual language use is not 

straightforward enough to place into one of three categories. While Kałamała et al. (2020) did 

measure the degree to which participants engaged in the dual language context, rather than 

placing them by category, their participants were from only one language context 

(unbalanced and sequential Polish-English bilinguals living in Poland). These contexts could 

be less defined and participants’ language use could vary more across time in a multilingual 

environment, leading to different outcomes (Lai & O’Brien, 2020; Ooi et al., 2018). There is 

space for some fluidity between the ACH contexts, as it is not always possible to distinguish 

between them and individuals’ language use patterns can change over time. Going forward, it 

may be worthwhile to treat these contexts as a scale (Kałamała et al., 2020) while 

acknowledging the variance that will still occur across different backgrounds and experiences 

(Lai & O’Brien, 2020; Rodriguez-Fornells et al., 2012).  

 

8.6. Limitations of this work and issues in the literature 

The initial expectation for a bilingual advantage in executive functioning could be 

questioned. The existence of a neurological overlap between areas involved in executive 

functioning and language management does not inherently mean that bilinguals will have an 

advantage in EF. These functions may have developed in a different manner simply to allow 

for the demands of second language acquisition but remain equally as efficient as typical 

monolingual development (Paap, 2019). Assuming that there is a causal relationship between 

bilingualism and executive function, there is also no guarantee of the direction of causality. It 

has been suggested that having better EF skills would make the process of learning and 

excelling at a second language easier (Li & Grant, 2015; Paap et al., 2016). While evidence 

remains that bilingualism can have an impact on EF and this should not be entirely dismissed 

(Woumans & Duyck, 2015), it could be beneficial for future work to reconsider the allocation 

of independent and dependent variables (Li & Grant, 2015).  

 An issue throughout the domain of Psychology as a whole is small sample sizes 

(Leivada et al., 2021). This particular problem was apparent in Study 1 of the current work 

due to the limitations of finding the specific group of Polish L1 speakers in Northern Ireland. 

While the remainder of the current work recruited relatively large samples, compared to a 
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median of 25 within the field (Bakker, 2015) these were still not sufficient to reach the sizes 

recommended by Paap et al. (2015). For the so-called “bilingual advantage” field, the search 

for specific bilingual populations or careful matching with monolingual peers only adds to 

the problem of large-scale recruitment.  

In an attempt to recruit a larger and more varied bilingual sample, the current work 

used online research. This allowed for pre-screening of participants and a larger pool of 

bilingual participants, but it also meant that the coding for tasks had to change. The colour 

shape, for example, was originally presented using DMDX and the verbal fluency had to be 

adapted to a written version. This unfortunately prevented data from multiple studies from 

being combined into a larger sample for further analysis, as the tasks themselves were no 

longer comparable. In-person research also allows for easier communication between 

participants and researchers. It is immediately possible, for example, to re-assign participants 

to different groups when their personal classification differs from the researchers’ own, 

which was an issue in the current work and is discussed later in this section.  

Online studies have only recently become feasible options for most Psychology 

researchers due to improvements in technology and accessibility (Anwyl-Irvine et al., 2020a; 

Bridges et al., 2020). Due to the COVID-19 pandemic, there was a large surge in the number 

of studies being conducted online as experimenters sought alternatives to traditional 

laboratory settings once lockdowns began (Peyton et al., 2021; Sauter et al., 2020). While 

they are often more cost-effective, faster and are able to reach a wider pool of participants 

(Sauter et al., 2020), concerns have still been raised about their reliability. Online studies can 

vary in their timing precision and stimulus presentation depending on the devices and 

connection speeds of participants (Anwyl-Irvine et al., 2020a; Bridges et al., 2020). Sauter et 

al. (2020) argue that these issues are becoming less prominent with improved technology and 

standardisation of screen rates. Gorilla, the experiment builder used in the current work, 

provides extensive documentation on these issues (Anwyl-Irvine et al., 2020b) and has been 

shown to minimise timing delays in tests of multiple platforms (Anwyl-Irvine et al., 2020a; 

Bridges et al., 2020). A further issue, inattention on the part of participants (Peyton et al., 

2021), was a particular concern for the current work. The tasks involved were relatively long 

and required participants to remain focused throughout. This was combatted through the use 

of practice blocks to ensure that participants had read and understood the instructions clearly 

and an overall time limit on the experiment as a whole so participants could not get distracted 

during task breaks. It is still likely that the current work was affected by timing delays, 
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differences in presentation and inattention, but these costs were considered acceptable for the 

opportunity to recruit a more diverse sample.  

A running theme throughout the entirety of this work and the literature as a whole is 

the definition of a bilingual and how that definition is assessed. The current work employed 

self-ratings of language ability across the four domains of writing, reading, speaking and 

listening. While this is a common approach within the literature (Izura et al., 2014; Paap et 

al., 2017), self-ratings do lack the detail of objective testing measures. They are subject to 

individual differences caused by cultural differences and anxiety around using an L2 (Ferré & 

Brysbaert, 2017), and can vary particularly between participants who place themselves in the 

middle of a given range (Izura et al., 2014). The latter group were removed for gapped groups 

analyses in the current work but this did not tend to alter the pattern of results. 

An individual was classed as bilingual if their average ability across these domains for 

an L2 was higher than a 3 on a 7-point scale. This was not without its problems, as many self-

described monolinguals scored above this threshold and bilinguals also scored below it. In 

cases such as these, a decision had to be made whether to exclude these participants or 

whether other aspects of their language use could justify a change in designation. The 

standard approach in these cases was to exclude these participants unless a self-rating of less 

than 3 was accompanied by 100% use of the L2 in daily life and a high AoA (resulting in a 

monolingual classification) or a higher self-rating occurred alongside a young AoA or 

balanced use of the two languages (bilingual classification). This highlights that, although the 

current work used ability to define bilingualism, it would also be justifiable to base this 

decision on the percentage of time spent using each language, for example.  

In a similar vein, there is considerable variance between bilinguals that is not based 

on language ability or age of acquisition, either in their social environment or with other 

learned skills such as playing a musical instrument (this is discussed at length in Chapter 2). 

It could be considered a benefit of the current work that the participant base was so varied, 

involving participants from a wide range of bilingual backgrounds. However, the 

mechanisms behind bilingualism and its relationship to cognitive development are still 

unclear. It could be the case that bilingual advantages developed as a result of, for example, 

early acquisition of a language could have been obscured by variables that had a negative 

impact for other bilingual participants (Leivada et al., 2021).  

There has been a noted publication bias within this field (De Bruin et al., 2014; 

Lehtonen et al., 2018; Van den Noort et al., 2019), perhaps indicated by its recurring 

unofficial name - the “bilingual advantage” debate (Leivada et al., 2021). While the current 
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work has sought to address this through the use of a replication study and by highlighting the 

extent of null results, it remains a challenge to interpret these. Null results can easily be 

explained away by so-called faults such as those listed above - small samples, ceiling effects, 

different methodology or participant groupings (Iwachiw et al., 2019). Although unique, 

positive, or significant results are seen as the norm and are prioritised by both researchers and 

publishers (De Bruin et al. 2014; Paap, 2014), the field as a whole needs to become more 

open to replication studies and the publishing of null results (Laandis et al., 2014, Leivada et 

al., 2021).  

 

 

8.7. Future directions 
 

In a field that has been accused of publication bias and a tendency towards positive 

results in the past, the results of the current work appear to be a strong rejection of the 

bilingual advantage in comparison. Very few bilingual advantages emerged and where they 

did, they did not remain consistent across tasks or studies. The current work is not alone in 

these findings and the literature as a whole appears to be developing a more negative view in 

response to the accusations of bias (Sanchez-Azanza et al., 2017; Van den Noort et al., 2019). 

The question, therefore, emerges as to whether it is worth continuing down this research path 

at all. It could, however, be argued that obtaining these results and testing their limits and the 

specific circumstances under which they appear for different bilingual groups should be an 

aim for future research (Leivada et al., 2021). It will only become possible to identify which 

results are appearing by chance through continual replication.  

In the current work, there was some evidence that expanding the batteries of tasks 

used could be beneficial in pinning down the mechanisms behind bilingual EF. A response 

switching measure, for example, found differences between monolinguals and bilinguals 

where perceptual switching did not. Some tasks also differ in the demands placed on 

participants and the involvement of different skills (e.g. working memory). Expanding studies 

to take these into account and allowing for more between-tasks comparisons could help to 

isolate which aspects of the tasks are in fact leading to differences.  

A further area of expansion which is already underway is that of treating bilingualism 

as a more complex variable (Poarch & Krott, 2019). Bilingual background variables may 

differ in how strongly they influence EF and may, in fact, work in opposite directions. Deeper 

investigations into the effect of language use habits, the contexts in which bilinguals use their 
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languages and the extent to which the languages compete with each other are all interesting 

areas for further research (Laketa et al., 2021). In addition, bilingualism does not exist in a 

vacuum and all types of life experience are likely to alter brain networks to some extent 

(Leivada et al., 2021; Moreno et al., 2011; Valian, 2016). Interactions and comparisons with 

skills such as musical ability are already being conducted (D’Souza et al., 2018; Vaquero et 

al., 2020) and are likely to give a wider view of how we develop in response to experience.  

In addition to this, combining methodologies will also help to expand our knowledge 

of cognitive development. Often, neuroimaging studies find differences where behavioural 

tasks do not (Kousaie et al., 2015), suggesting that bilinguals may be using different methods 

to reach the same level of performance. As discussed in Chapter 2, it is not yet understood 

how behaviour maps onto related brain regions and it is not clear whether these differences 

lead to more efficient processing.  

In summary, as Leivada et al. (2021) argue, the best path forward will be through 

collaborations between different groups with different approaches or methodologies. As the 

field of Psychology becomes more open to the prospect of replications and open 

interpretation of null results, the “hazy view” (García-Pentón et al., 2016) of bilingual 

cognitive differences will hopefully become clearer over time.  

 

 

8.8. Conclusion 
 

The current work aimed to explore the possibility of a bilingual advantage in 

executive functioning, specifically in inhibitory control and task switching. Bilinguals, 

through the continuous task of managing two competing languages, are theorised to have 

adapted more efficient executive control pathways than their monolingual peers. However, 

within the field as a whole, the presence of advantages is unclear at best.  The current 

findings reflected this murkiness, with advantages that were inconsistent and weak when they 

did occur. Monolingual advantages were found on some occasions, in RT on a stop signal 

task and in global switch costs on a colour shape measure.  

It is becoming increasingly obvious that bilingualism per se is not a predictor of EF 

advantages, but that the actual patterns of language use and development have a determining 

effect on any cognitive changes. Future work will need to address this issue and begin to 

untangle the main drivers of cognitive development related to bilingualism. The current work 

sought to identify some variables of interest, exploring linguistic distance as well as daily 
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language switching alongside a novel response switching task. There were no definite 

indications of how the distance between an individual’s languages can have an effect on EF 

performance, but this is still a new area of exploration and may become less ambiguous over 

time. In terms of language switching, both a language switching task and a frequency of 

language switching measure had mixed relationships with EF tasks. There was no apparent 

advantage for high frequency switchers on measures of EF. The current results also do not 

support the Adaptive Control Hypothesis (Green & Abutalebi, 2013), as there were no 

significant differences between monolinguals and dual language context bilinguals on a 

colour shape measure. These contexts may be less distinct across different bilingual groups 

and individuals may change their language use over time, leading to a weaker connection 

between these groupings and EF performance, although the original hypothesis continues to 

be valuable.  

The field appears to be in a phase of transition. What was once an area of great 

excitement and, perhaps, over-exaggerated positivity has been quietened by increasingly 

negative results and strong efforts against publication bias. Despite this, the discussion can 

remain hopeful, albeit more realistic, about the impact of bilingualism on cognition. 

Researchers are beginning to accept that learning a new language is a complicated process 

that differs from person to person and that treating bilingualism as a binary variable is not 

beneficial, or particularly viable, for research purposes. New explorations into the daily use 

of languages, the effects of different language pairs as well as social factors are already 

beginning to emerge and can only be improved upon through combining methodologies, 

collaborations and replications. 
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Appendix B  
Language History Questionnaire as used in study 3 

Language History Questionnaire 
 
Age (in years): __________ 
 
Sex: Male/Female/Other/Prefer not to disclose 
 
Country of origin: ____________ 
Country of residence: ____________ 
If  countries of origin and residence are different, then when did you first move to the country 
where you currently live? ________________ 
 
Education (your current or most recent educational level, even if you have not finished the 
degree): 
• College/University (BA/BSc) 
• Graduate school (Masters) 
• Graduate school (PhD/MD/JD) 
• Other (specify):  
 
Country in which you are studying/obtained your most recent degree: 
 
Your current or past university grade average/ degree classification: 
 
Your father’s education: 
 
Your mother’s education: 
 
Indicate your native language(s) and any other languages you have studied or learned, the age 
at which you started using each language and the total number of years you have spent using 
each language. 
(You may have learned a language, stopped using it, and then started using it again. Please 
give the total number of years.) 
 
Language Age when you first started 

using language 
Total number of years 
spent using the language 

   
 
 
Rate your current ability in terms of listening, speaking, reading, and writing in each of the 
languages you have studied or learned. 
Please rate according to the following scale: 
 
1 Very poor, 2 Poor, 3 Limited, 4 Functional, 5 Good, 6 Very good, 7 Native-like 
Language  Listening Speaking Reading Writing 
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Estimate how many hours per day you spend engaged in the following activities in 
each of the languages you have studied or learned. 
 
 

Language Listening (e.g. 
music, radio, 
watching TV) 

Reading (for fun, 
for 
university/college 
or for work) 

Writing (including 
messaging/texting 
friends etc) 

Speaking (e.g. 
talking to 
friends/family) 

     
 
 
Estimate how many hours per day you spend speaking with the following groups of 
people in each of the languages you have studied or learned. 
 
Language Family 

members 
Friends (a) Classmates Coworkers (b) 

     
(a) include significant others in this category if you did not include them as family members 
(b) include anyone in the work environment in this category e.g., if you are a teacher, include 
students 
 
Some bilinguals switch from one language to the other many times every day because 
they converse with many others who speak the same languages. Others switch rarely 
because, for example, they only speak English while at university and only speak their 
native language when they are at home.  How many times do you usually switch from 
one language to the other? 
(1) not applicable/do not switch languages 
(2) a couple of times a month  
(3) a couple of times a week  
(4) a couple of times a day  
(5) several times a day  
(6) dozens of times a day  
 
 
15. Please comment below to indicate any additional answers to any of the questions 
above that you feel better describe your language background or usage. 
 
 
16.  Please comment below to provide any other information about your language 
background or usage (for example, if you have ever lived abroad for a period of time at 
any age) 
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Appendix C  
Language History Questionnaire as used in study 4 
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Appendix D  
Study 2 Regression Results 

VF Cat Switch Cost Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval for 
B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.089 -0.022 

(Constant) -4.863 4.47 
 

-1.088 0.282 -13.846 4.119 
  

Age -0.319 0.304 -0.332 -1.047 0.3 -0.931 0.293 
  

AoA 0.598 0.345 0.552 1.732 0.09 -0.096 1.291 
  

L2 years use 0.318 0.276 0.39 1.15 0.256 -0.237 0.873 
  

L2 Ability 0.049 0.526 0.013 0.094 0.925 -1.007 1.106 
  

L2 Hours 0.003 0.079 0.005 0.033 0.974 -0.155 0.16 
  

No. Contexts -0.392 0.438 -0.134 -0.895 0.375 -1.272 0.488 
  

TMT Difference Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval for 
B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.121 0.013 

(Constant) 7.541 12.76 
 

0.591 0.557 -18.1 33.183 
  

Age 1.439 0.869 0.516 1.656 0.104 -0.308 3.185 
  

AoA -0.865 0.985 -0.275 -0.878 0.384 -2.844 1.115 
  

L2 years use -1.398 0.789 -0.59 -1.773 0.083 -2.984 0.187 
  

L2 Ability 1.214 1.5 0.114 0.809 0.422 -1.802 4.229 
  

L2 Hours 0.208 0.224 0.128 0.928 0.358 -0.243 0.659 
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No. Contexts 0.087 1.25 0.01 0.07 0.945 -2.424 2.598 
  

WCST Trials Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 95.0% Confidence Interval 

for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.1 -0.01 

(Constant) 53.652 22.425 
 

2.393 0.021 8.588 98.716 
  

Age 1.467 1.527 0.303 0.961 0.341 -1.602 4.536 
  

AoA -0.578 1.731 -0.106 -0.334 0.74 -4.056 2.9 
  

L2 years use -0.542 1.386 -0.132 -0.391 0.697 -3.329 2.244 
  

L2 Ability 2.145 2.637 0.116 0.813 0.42 -3.154 7.444 
  

L2 Hours 0.671 0.394 0.238 1.703 0.095 -0.121 1.463 
  

No. Contexts -0.105 2.196 -0.007 -0.048 0.962 -4.518 4.309 
  

CS Local Switch 

Cost 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 95.0% Confidence Interval 

for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.049 -0.075 

(Constant) 172.368 150.861 
 

1.143 0.259 -131.3 476.035 
  

Age 2.611 9.886 0.085 0.264 0.793 -17.289 22.51 
  

AoA -2.223 11.332 -0.065 -0.196 0.845 -25.034 20.588 
  

L2 years use 0.767 9.059 0.03 0.085 0.933 -17.467 19.001 
  

L2 Ability -10.874 17.587 -0.094 -0.618 0.539 -46.276 24.527 
  

L2 Hours -2.705 2.951 -0.142 -0.917 0.364 -8.644 3.234 
  

No. Contexts -6.246 15.18 -0.067 -0.412 0.683 -36.801 24.308 
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CS Global Switch 

Cost 

Unstandardized 

Coefficients 

Standardized 

Coefficients 

t Sig. 95.0% Confidence Interval 

for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.202 0.095 

(Constant) -422.004 180.562 
 

-2.337 0.024 -785.675 -58.333 
  

Age 28.426 11.759 0.724 2.417 0.02 4.742 52.109 
  

AoA -14.323 13.455 -0.328 -1.065 0.293 -41.422 12.776 
  

L2 years use -15.623 10.746 -0.481 -1.454 0.153 -37.266 6.021 
  

L2 Ability 28.631 20.952 0.193 1.366 0.179 -13.569 70.83 
  

L2 Hours 5.084 3.505 0.208 1.451 0.154 -1.975 12.143 
  

No. Contexts -3.124 17.989 -0.026 -0.174 0.863 -39.355 33.107 
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Appendix E  
Study 3 ANOVA full results 

  ML BL 
   

Measure n Mean SD n Mean SD df F p BF η2 

Animacy/Size 
   

Accuracy 22 0.86 0.20 58 0.93 0.11 1,78 3.829 0.054 1.272 0.047 

Control trials 22 0.86 0.22 58 0.94 0.09 1,78 4.232 0.043 1.503 0.051 

Mixed trials 22 0.86 0.19 58 0.93 0.11 1,78 3.642 0.06 1.177 0.045 

Repeat trials 22 0.87 0.19 58 0.93 0.11 1,78 2.973 0.089 0.891 0.037 

Switch trials 22 0.85 0.20 58 0.92 0.11 1,78 4.148 0.045 1.452 0.05 

Reaction time 22 878.15 185.49 58 919.64 218.74 1,78 0.621 0.433 0.332 0.008 

Control trials 22 751.78 135.17 58 795.64 203.10 1,78 0.875 0.352 0.370 0.011 

Mixed trials 22 906.15 204.18 58 948.49 226.65 1,78 0.586 0.446 0.328 0.007 

Repeat trials 22 843.64 167.19 58 897.01 223.38 1,78 1.033 0.313 0.395 0.013 

Switch trials 22 968.91 247.54 58 1000.11 240.37 1,78 0.264 0.609 0.286 0.003 

Efficiency 22 1147.62 620.42 58 989.53 230.08 1,78 2.801 0.098 0.830 0.035 

Control trials 22 1069.02 886.66 58 844.02 211.61 1,78 3.304 0.073 1.023 0.041 

Repeat trials 22 1077.62 547.71 58 962.02 232.66 1,78 1.772 0.187 0.539 0.022 

Switch trials 22 1279.74 678.63 58 1089.27 264.85 1,78 3.302 0.073 1.022 0.041 

Switch costs 
   

Local RT cost 22 125.26 107.08 58 103.10 97.45 1,78 0.781 0.379 0.356 0.01 

Local Acc cost 22 -0.02 0.05 58 -0.01 0.04 1,78 1.05 0.309 0.398 0.013 

Global RT cost 22 126.37 116.85 58 124.00 78.85 1,78 0.011 0.917 0.257 0 

Global Acc cost 22 0.00 0.06 58 -0.01 0.04 1,78 0.181 0.672 0.276 0.002 

Mixing RT cost 22 91.86 118.30 58 101.37 109.26 1,78 0.115 0.735 0.269 0.001 

Mixing Acc cost 22 0.01 0.07 58 -0.01 0.05 1,78 0.616 0.435 0.332 0.008 
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  ML BL 
   

Measure n Mean SD n Mean SD df F p BF η2 

Colour/Shape 
   

Accuracy 47 0.89 0.13 66 0.92 0.11 1,111 0.948 0.332 0.309 0.008 

Control Trials 47 0.92 0.13 66 0.93 0.12 1,111 0.367 0.546 0.238 0.003 

Mixed Trials 47 0.89 0.15 66 0.91 0.11 1,111 0.844 0.36 0.295 0.008 

Switch Trials 47 0.88 0.15 66 0.90 0.11 1,111 0.734 0.394 0.281 0.007 

Repeat Trials 47 0.90 0.15 66 0.92 0.11 1,111 0.792 0.375 0.288 0.007 

Reaction Time 47 847.14 229.91 66 894.62 248.40 1,111 1.066 0.304 0.326 0.01 

Control Trials 47 611.83 137.76 66 673.81 474.69 1,111 0.754 0.387 0.284 0.007 

Mixed Trials 47 925.84 273.86 66 963.22 233.82 1,111 0.608 0.437 0.266 0.005 

Switch Trials 47 1040.59 364.77 66 1062.28 289.88 1,111 0.124 0.726 0.214 0.001 

Repeat Trials 47 802.00 216.10 66 850.00 204.10 1,111 1.446 0.232 0.386 0.013 

Efficiency 47 970.43 308.96 66 995.92 346.71 1,111 0.162 0.688 0.218 0.001 

Control Trials 47 682.57 208.00 66 750.30 550.36 1,111 0.645 0.424 0.270 0.006 

Switch Trials 47 1248.69 629.20 66 1211.12 449.16 1,111 0.137 0.712 0.215 0.001 

Repeat Trials 47 915.68 309.60 66 936.81 274.43 1,111 0.146 0.703 0.216 0.001 

Switch Costs 
   

Local RT cost 47 238.59 208.58 66 212.29 169.29 1,111 0.546 0.462 0.258 0.005 

Local Acc cost 47 -0.02 0.05 66 -0.02 0.05 1,111 0 0.983 0.202 0 

Global RT cost 47 235.31 181.06 66 220.81 342.24 1,111 0.07 0.791 0.209 0.001 

Global Acc cost 47 -0.02 0.08 66 -0.01 0.05 1,111 0.366 0.546 0.238 0.003 

Mixing RT cost 47 190.17 189.19 66 176.19 437.90 1,111 0.042 0.838 0.206 0 

Mixing Acc cost 47 -0.01 0.09 66 -0.01 0.08 1,111 0.166 0.684 0.218 0.001 

Letter/Number 
   

Accuracy 22 0.70 0.35 58 0.84 0.23 1,78 4.443 0.038 1.640 0.054 

Control Trials 22 0.75 0.40 58 0.88 0.27 1,78 2.583 0.112 0.757 0.032 
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  ML BL 
   

Measure n Mean SD n Mean SD df F p BF η2 

Mixed Trials 22 0.69 0.34 58 0.84 0.23 1,78 4.837 0.031 1.929 0.058 

Switch Trials 22 0.68 0.33 58 0.82 0.24 1,78 4.001 0.049 1.366 0.049 

Repeat Trials 22 0.70 0.35 58 0.86 0.23 1,78 5.578 0.021 2.614 0.067 

Reaction Time 22 1171.71 288.43 58 1114.42 269.25 1,78 0.694 0.407 0.343 0.009 

Control Trials 22 838.10 194.59 58 841.31 250.95 1,78 0.003 0.957 0.256 0 

Mixed Trials 22 1191.91 343.59 58 1170.71 309.99 1,78 0.07 0.792 0.263 0.001 

Switch Trials 22 1340.97 412.99 58 1358.08 354.82 1,78 0.034 0.854 0.259 0 

Repeat Trials 22 1145.14 337.54 58 1028.20 328.06 1,78 1.995 0.162 0.592 0.025 

Efficiency 22 8923.66 24420.43 58 5285.80 24756.40 1,78 0.347 0.558 0.296 0.004 

Control Trials 19 2067.62 4166.99 54 897.58 317.55 1,71 4.297 0.042 1.579 0.057 

Switch Trials 22 4565.08 6660.43 57 2950.39 8391.19 1,77 0.654 0.421 0.338 0.008 

Repeat Trials 21 4346.33 8743.35 58 2020.68 3668.26 1,77 2.797 0.099 0.836 0.035 

Switch Costs 
   

Local RT cost 22 195.83 283.02 58 329.88 196.22 1,78 5.766 0.019 2.824 0.069 

Local Acc cost 22 -0.01 0.06 58 -0.04 0.07 1,78 2.564 0.113 0.751 0.032 

Global RT cost 22 333.61 192.12 58 273.11 205.43 1,78 1.432 0.235 0.468 0.018 

Global Acc cost 22 -0.05 0.10 58 -0.03 0.14 1,78 0.283 0.596 0.288 0.004 

Mixing RT cost 22 307.03 212.35 58 186.89 251.25 1,78 3.951 0.05 1.338 0.048 

Mixing Acc cost 22 -0.06 0.13 58 -0.02 0.17 1,78 0.832 0.365 0.363 0.011 

Response Switching 
   

Accuracy 46 0.89 0.16 65 0.89 0.15 1,109 0.042 0.839 0.208 0 

Control Trials 46 0.93 0.17 65 0.92 0.19 1,109 0.063 0.802 0.210 0.001 

Mixed Trials 46 0.88 0.16 65 0.89 0.15 1,109 0.121 0.729 0.215 0.001 

Switch Trials 46 0.86 0.16 65 0.86 0.15 1,109 0.009 0.924 0.205 0 

Repeat Trials 46 0.90 0.17 65 0.92 0.15 1,109 0.443 0.507 0.249 0.004 
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  ML BL 
   

Measure n Mean SD n Mean SD df F p BF η2 

Reaction Time 46 1010.76 283.57 65 1005.54 273.75 1,109 0.01 0.922 0.205 0 

Control Trials 46 685.07 248.36 65 682.89 367.71 1,109 0.001 0.972 0.204 0 

Mixed Trials 46 1123.41 322.77 65 1107.53 310.48 1,109 0.068 0.794 0.210 0.001 

Switch Trials 46 1233.91 400.52 65 1206.04 357.89 1,109 0.148 0.701 0.218 0.001 

Repeat Trials 46 985.96 266.85 65 986.56 280.13 1,109 0 0.991 0.204 0 

Efficiency 46 1402.82 2043.72 65 1305.11 1356.56 1,109 0.092 0.763 0.213 0.001 

Control Trials 46 1349.40 4391.55 65 1411.95 3871.85 1,109 0.006 0.937 0.205 0 

Switch Trials 46 1600.53 1401.49 65 1507.78 876.00 1,109 0.184 0.669 0.221 0.002 

Repeat Trials 46 1472.72 2796.49 65 1281.73 1739.26 1,109 0.196 0.659 0.223 0.002 

Switch Costs 
   

Local RT cost 46 247.95 253.15 65 219.49 193.64 1,109 0.45 0.504 0.249 0.004 

Local Acc cost 46 -0.04 0.06 65 -0.06 0.05 1,109 2.525 0.115 0.628 0.023 

Global RT cost 46 325.69 197.21 65 322.65 306.94 1,109 0.003 0.953 0.204 0 

Global Acc cost 46 -0.04 0.06 65 -0.02 0.06 1,109 1.74 0.19 0.443 0.016 

Mixing RT cost 46 300.89 191.58 65 303.67 382.20 1,109 0.002 0.964 0.204 0 

Mixing Acc cost 46 -0.03 0.05 65 0.00 0.08 1,109 4.913 0.029 1.792 0.043 

LexTALE Accuracy 47 0.86 0.15 66 0.82 0.14 1,111 2.144 0.146 0.527 0.019 

Verbal Fluency 
           

Typing Speed 
           

Sentence 18 13689.83 5688.35 56 15019.49 5200.00 1,72 0.851 0.359 0.388 0.012 

Paragraph 21 156664.45 51859.14 58 188229.72 54482.10 1,77 5.305 0.024 2.349 0.064 

Overall 
           

Number Correct 21 120.33 32.35 56 108.45 35.61 1,75 1.785 0.186 0.550 0.023 

Number of Errors 21 2.24 2.23 56 1.36 1.63 1,75 3.604 0.061 1.170 0.046 

Number of Repetitions 21 2.86 2.59 56 2.39 2.68 1,75 0.466 0.497 0.317 0.006 
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  ML BL 
   

Measure n Mean SD n Mean SD df F p BF η2 

Accuracy 21 0.96 0.03 56 0.97 0.03 1,75 2.065 0.155 0.618 0.027 

Reaction Time 21 4927.54 863.53 56 5665.02 1316.76 1,75 5.649 0.02 2.703 0.07 

Letter F 
           

Number Correct 19 20.89 4.72 50 20.92 5.98 1,67 0 0.987 0.272 0 

Number of Errors 19 0.84 1.12 50 0.24 0.48 1,67 9.939 0.002 14.704 0.129 

Number of Repetitions 19 0.84 1.77 50 1.16 1.91 1,67 0.396 0.531 0.320 0.006 

Accuracy 19 0.93 0.10 50 0.94 0.07 1,67 0.425 0.517 0.324 0.006 

Reaction Time 19 5143.66 1049.96 50 5760.58 3586.99 1,67 0.54 0.465 0.340 0.008 

Letter A 
           

Number Correct 20 20.95 5.34 52 18.23 5.39 1,70 3.694 0.059 1.227 0.05 

Number of Errors 20 0.85 1.57 52 0.50 0.85 1,70 1.482 0.227 0.494 0.021 

Number of Repetitions 20 0.50 0.69 52 0.48 0.83 1,70 0.009 0.927 0.267 0 

Accuracy 20 0.94 0.08 52 0.95 0.06 1,70 0.616 0.435 0.345 0.009 

Reaction Time 20 5321.61 1278.73 52 6475.26 1951.66 1,70 5.972 0.017 3.090 0.079 

All Letter 
           

Number Correct 21 38.86 12.71 51 38.47 11.41 1,70 0.016 0.9 0.265 0 

Number of Errors 21 1.57 2.11 51 0.65 1.02 1,70 6.319 0.014 3.539 0.083 

Number of Repetitions 21 1.24 1.81 51 1.63 2.22 1,70 0.506 0.479 0.326 0.007 

Accuracy 21 0.93 0.07 51 0.95 0.05 1,70 1.945 0.168 0.593 0.027 

Reaction Time 19 53782.84 9117.54 52 54559.67 7651.77 1,69 0.129 0.72 0.286 0.002 

Animals 
           

Number Correct 20 30.55 7.01 56 26.50 8.47 1,74 3.665 0.059 1.209 0.047 

Number of Errors 20 0.05 0.22 56 0.16 0.46 1,74 1.069 0.305 0.413 0.014 

Number of Repetitions 20 0.65 1.14 56 0.32 0.72 1,74 2.231 0.139 0.669 0.029 

Accuracy 20 0.98 0.03 56 0.98 0.03 1,74 0.213 0.646 0.289 0.003 
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  ML BL 
   

Measure n Mean SD n Mean SD df F p BF η2 

Reaction Time 20 51103.91 8612.40 55 49729.07 7459.64 1,73 0.458 0.5 0.321 0.006 

Transport 
           

Number Correct 21 16.38 5.27 55 14.71 4.78 1,74 1.758 0.189 0.545 0.023 

Number of Errors 21 0.19 0.51 55 0.11 0.31 1,74 0.704 0.404 0.351 0.009 

Number of Repetitions 21 0.62 0.86 55 0.31 0.57 1,74 3.304 0.073 1.035 0.043 

Accuracy 21 0.95 0.05 55 0.98 0.04 1,74 4.614 0.035 1.772 0.059 

Reaction Time 21 39323.62 15090.11 55 40429.74 12524.48 1,74 0.106 0.746 0.273 0.001 

All Category 
           

Number Correct 21 45.48 12.43 56 40.95 12.19 1,75 2.086 0.153 0.624 0.027 

Number of Errors 21 0.24 0.54 56 0.27 0.62 1,75 0.038 0.846 0.265 0.001 

Number of Repetitions 21 1.24 1.14 56 0.63 1.07 1,75 4.841 0.031 1.944 0.061 

Accuracy 21 0.97 0.03 56 0.98 0.03 1,75 1.897 0.173 0.576 0.025 

Reaction Time 21 48488.52 11550.78 56 46783.98 7430.38 1,75 0.583 0.447 0.333 0.008 

Switching Letter (S/C) 
           

Number Correct 17 23.47 9.40 47 22.00 7.43 1,62 0.424 0.518 0.336 0.007 

Number of Errors 17 0.29 0.59 47 0.34 0.92 1,62 0.038 0.847 0.287 0.001 

Number of Repetitions 17 0.35 0.61 47 0.23 0.52 1,62 0.598 0.442 0.361 0.01 

Accuracy 17 0.97 0.05 47 0.97 0.06 1,62 0.009 0.923 0.284 0 

Reaction Time 17 53677.08 11372.84 47 52852.11 8416.09 1,62 0.099 0.754 0.294 0.002 

Switching Category 
(Fruits/Furniture) 

           

Number Correct 18 19.83 3.11 47 16.00 5.19 1,63 8.591 0.005 8.629 0.12 

Number of Errors 18 0.22 0.55 47 0.15 0.36 1,63 0.398 0.53 0.328 0.006 

Number of Repetitions 18 0.11 0.32 47 0.11 0.31 1,63 0.003 0.957 0.278 0 

Accuracy 18 0.98 0.03 47 0.99 0.03 1,63 0.093 0.761 0.289 0.001 
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  ML BL 
   

Measure n Mean SD n Mean SD df F p BF η2 

Reaction Time 18 49963.64 9056.36 47 47979.45 8058.57 1,63 0.737 0.394 0.377 0.012 

All Switching 
           

Number Correct 18 42.00 12.41 47 38.00 11.53 1,63 1.502 0.225 0.515 0.023 

Number of Errors 18 0.50 0.71 47 0.49 0.95 1,63 0.002 0.966 0.278 0 

Number of Repetitions 18 0.44 0.62 47 0.34 0.60 1,63 0.386 0.537 0.326 0.006 

Accuracy 18 0.98 0.02 47 0.98 0.03 1,63 0.001 0.978 0.278 0 

Reaction Time 18 52293.33 7323.71 47 51167.76 6345.99 1,63 0.376 0.542 0.325 0.006 

Switch Costs 
           

Number Correct 21 48.33 27.38 56 44.66 22.42 1,75 0.362 0.549 0.303 0.005 

Correct (Letter) 21 19.86 14.49 56 16.57 14.71 1,75 0.768 0.384 0.360 0.01 

Correct (Category) 21 28.48 15.24 56 27.52 11.28 1,75 0.09 0.764 0.270 0.001 

Accuracy 21 0.11 0.35 56 0.14 0.37 1,75 0.124 0.726 0.274 0.002 

Accuracy (Letter) 21 0.14 0.38 56 0.05 0.45 1,75 0.709 0.403 0.351 0.009 

Accuracy (Category) 21 0.13 0.35 56 0.15 0.37 1,75 0.07 0.793 0.268 0.001 

Reaction Time 21 7319.15 22142.23 56 7854.30 20538.99 1,75 0.01 0.921 0.261 0 

RT (Letter) 21 5207.79 34547.10 56 6304.53 24328.18 1,75 0.024 0.876 0.263 0 

RT (Category) 21 5662.55 20472.52 56 6515.51 21425.37 1,75 0.025 0.875 0.263 0 
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Appendix F  

Study 3 gapped groups ANOVA results 
 

ML BL 
     

Measure n Mean SD n Mean SD df F p BF η2 

Animacy/Size 
           

Accuracy 19 0.89 0.17 52 0.93 0.11 1,69 1.29 0.26 0.46 0.02 

Control trials 19 0.90 0.18 52 0.94 0.10 1,69 1.15 0.29 0.44 0.02 

Mixed trials 19 0.89 0.17 52 0.93 0.12 1,69 1.28 0.26 0.46 0.02 

Repeat trials 19 0.90 0.17 52 0.93 0.12 1,69 0.76 0.39 0.37 0.01 

Switch trials 19 0.87 0.18 52 0.92 0.12 1,69 1.83 0.18 0.58 0.03 

Reaction time 19 889.91 189.36 52 920.25 224.65 1,69 0.27 0.60 0.30 0.00 

Control trials 19 753.12 128.96 52 797.57 206.43 1,69 0.77 0.38 0.37 0.01 

Mixed trials 19 920.28 210.19 52 948.95 233.28 1,69 0.22 0.64 0.30 0.00 

Repeat trials 19 853.51 170.46 52 898.92 230.66 1,69 0.61 0.44 0.35 0.01 

Switch trials 19 987.22 256.57 52 999.03 246.47 1,69 0.03 0.86 0.27 0.00 

Efficiency 19 1089.05 515.06 52 989.61 232.45 1,69 1.26 0.27 0.46 0.02 

Control trials 19 921.57 469.49 52 846.04 212.67 1,69 0.87 0.35 0.39 0.01 

Repeat trials 19 1026.46 469.23 52 963.02 236.22 1,69 0.57 0.45 0.34 0.01 

Switch trials 19 1235.55 604.98 52 1087.83 267.45 1,69 2.05 0.16 0.63 0.03 

Switch costs 
           

Local RT cost 19 133.71 113.14 52 100.11 99.52 1,69 1.47 0.23 0.50 0.02 

Local Acc cost 19 -0.02 0.05 52 -0.01 0.05 1,69 2.16 0.15 0.66 0.03 

Global RT cost 19 136.80 122.24 52 122.67 81.19 1,69 0.32 0.58 0.31 0.01 

Global Acc cost 19 -0.01 0.05 52 -0.01 0.04 1,69 0.11 0.75 0.28 0.00 

Mixing RT cost 19 100.39 124.60 52 101.35 113.06 1,69 0.00 0.98 0.27 0.00 

Mixing Acc cost 19 0.00 0.07 52 -0.01 0.05 1,69 0.08 0.77 0.28 0.00 

Colour/Shape 
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ML BL 

     

Measure n Mean SD n Mean SD df F p BF η2 

Accuracy 39 0.90 0.11 56 0.92 0.10 1,93 0.59 0.45 0.28 0.01 

Control Trials 39 0.92 0.12 56 0.94 0.10 1,93 0.37 0.55 0.26 0.00 

Mixed Trials 39 0.89 0.13 56 0.91 0.11 1,93 0.49 0.49 0.27 0.01 

Switch Trials 39 0.88 0.12 56 0.90 0.11 1,93 0.59 0.45 0.28 0.01 

Repeat Trials 39 0.91 0.13 56 0.92 0.11 1,93 0.25 0.62 0.24 0.00 

Reaction Time 39 854.33 240.15 56 889.80 254.37 1,93 0.47 0.50 0.27 0.01 

Control Trials 39 621.73 123.81 56 677.83 511.34 1,93 0.45 0.50 0.27 0.01 

Mixed Trials 39 928.66 286.28 56 957.42 236.49 1,93 0.29 0.59 0.25 0.00 

Switch Trials 39 1049.22 391.68 56 1052.04 293.76 1,93 0.00 0.97 0.22 0.00 

Repeat Trials 39 799.04 213.17 56 848.60 204.93 1,93 1.30 0.26 0.39 0.01 

Efficiency 39 958.89 278.31 56 980.84 307.24 1,93 0.13 0.72 0.23 0.00 

Control Trials 39 692.38 215.60 56 725.39 519.32 1,93 0.14 0.71 0.23 0.00 

Switch Trials 39 1212.66 509.45 56 1188.17 396.42 1,93 0.07 0.79 0.23 0.00 

Repeat Trials 39 895.06 267.16 56 935.48 264.78 1,93 0.53 0.47 0.28 0.01 

Switch Costs 
           

Local RT cost 39 250.18 224.67 56 203.44 177.49 1,93 1.28 0.26 0.38 0.01 

Local Acc cost 39 -0.03 0.05 56 -0.02 0.05 1,93 0.36 0.55 0.26 0.00 

Global RT cost 39 232.60 185.76 56 211.98 365.85 1,93 0.11 0.75 0.23 0.00 

Global Acc cost 39 -0.02 0.08 56 -0.02 0.04 1,93 0.09 0.77 0.23 0.00 

Mixing RT cost 39 177.31 177.82 56 170.77 471.17 1,93 0.01 0.93 0.22 0.00 

Mixing Acc cost 39 -0.02 0.10 56 -0.02 0.06 1,93 0.00 0.95 0.22 0.00 

Letter/Number 
           

Accuracy 19 0.71 0.35 51 0.85 0.24 1,68 3.33 0.07 1.07 0.05 

Control Trials 19 0.76 0.40 51 0.87 0.28 1,68 1.48 0.23 0.50 0.02 

Mixed Trials 19 0.70 0.34 51 0.84 0.23 1,68 3.90 0.05 1.35 0.05 

Switch Trials 19 0.70 0.33 51 0.82 0.24 1,68 3.13 0.08 0.98 0.04 
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Measure n Mean SD n Mean SD df F p BF η2 

Repeat Trials 19 0.70 0.35 51 0.86 0.23 1,68 4.61 0.04 1.80 0.06 

Reaction Time 19 1186.38 290.66 51 1109.60 266.89 1,68 1.09 0.30 0.43 0.02 

Control Trials 19 836.80 189.42 51 842.26 259.16 1,68 0.01 0.93 0.27 0.00 

Mixed Trials 19 1200.06 348.69 51 1157.58 296.60 1,68 0.26 0.61 0.30 0.00 

Switch Trials 19 1368.86 404.34 51 1352.42 344.15 1,68 0.03 0.87 0.27 0.00 

Repeat Trials 19 1157.13 338.99 51 1012.40 320.28 1,68 2.74 0.10 0.84 0.04 

Efficiency 19 9897.06 26223.11 51 5793.94 26388.63 1,68 0.34 0.56 0.31 0.01 

Control Trials 16 1921.10 4348.88 47 899.60 332.51 1,61 2.63 0.11 0.83 0.04 

Switch Trials 19 4808.33 7116.41 50 3034.42 8932.94 1,67 0.60 0.44 0.35 0.01 

Repeat Trials 18 4668.09 9413.41 51 2028.93 3833.82 1,67 2.77 0.10 0.86 0.04 

Switch Costs 
           

Local RT cost 19 211.73 257.30 51 340.03 196.04 1,68 4.98 0.03 2.08 0.07 

Local Acc cost 19 -0.01 0.05 51 -0.04 0.07 1,68 3.01 0.09 0.94 0.04 

Global RT cost 19 349.58 168.40 51 267.34 211.37 1,68 2.32 0.13 0.71 0.03 

Global Acc cost 19 -0.05 0.11 51 -0.02 0.13 1,68 0.77 0.38 0.37 0.01 

Mixing RT cost 19 320.33 202.54 51 170.13 253.62 1,68 5.37 0.02 2.44 0.07 

Mixing Acc cost 19 -0.06 0.13 51 -0.01 0.15 1,68 1.81 0.18 0.57 0.03 

Response 
Switching 

           

Accuracy 38 0.88 0.17 56 0.91 0.13 1,92 0.77 0.38 0.31 0.01 

Control Trials 38 0.93 0.17 56 0.93 0.16 1,92 0.06 0.80 0.23 0.00 

Mixed Trials 38 0.87 0.17 56 0.90 0.13 1,92 1.10 0.30 0.36 0.01 

Switch Trials 38 0.85 0.17 56 0.88 0.13 1,92 0.72 0.40 0.30 0.01 

Repeat Trials 38 0.89 0.17 56 0.93 0.13 1,92 1.62 0.21 0.45 0.02 

Reaction Time 38 1023.77 289.24 56 1011.93 282.96 1,92 0.04 0.84 0.22 0.00 

Control Trials 38 692.33 260.91 56 690.30 393.20 1,92 0.00 0.98 0.22 0.00 
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Measure n Mean SD n Mean SD df F p BF η2 

Mixed Trials 38 1134.82 327.56 56 1113.71 318.29 1,92 0.10 0.76 0.23 0.00 

Switch Trials 38 1255.47 415.49 56 1213.55 364.10 1,92 0.27 0.61 0.25 0.00 

Repeat Trials 38 985.68 259.46 56 991.34 292.10 1,92 0.01 0.92 0.22 0.00 

Efficiency 38 1479.75 2244.33 56 1281.35 1403.07 1,92 0.28 0.60 0.25 0.00 

Control Trials 38 1483.75 4831.60 56 1094.69 2734.04 1,92 0.25 0.62 0.25 0.00 

Switch Trials 38 1676.35 1530.54 56 1483.54 880.74 1,92 0.60 0.44 0.29 0.01 

Repeat Trials 38 1555.04 3075.50 56 1277.12 1856.24 1,92 0.30 0.59 0.25 0.00 

Switch Costs 
           

Local RT cost 38 269.80 268.51 56 222.21 199.45 1,92 0.97 0.33 0.34 0.01 

Local Acc cost 38 -0.04 0.06 56 -0.06 0.05 1,92 1.11 0.30 0.36 0.01 

Global RT cost 38 331.44 212.83 56 321.63 320.64 1,92 0.03 0.87 0.22 0.00 

Global Acc cost 38 -0.04 0.06 56 -0.03 0.05 1,92 2.52 0.12 0.66 0.03 

Mixing RT cost 38 293.35 199.28 56 301.05 404.09 1,92 0.01 0.91 0.22 0.00 

Mixing Acc cost 38 -0.03 0.06 56 0.00 0.07 1,92 4.97 0.03 1.90 0.05 

LexTALE 
Accuracy 

39 0.87 0.15 56 0.81 0.15 1,93 3.94 0.05 1.22 0.04 

Verbal Fluency 
           

Typing Speed 
           

Sentence 17 13880.73 5803.68 50 14876.79 5393.40 1,65 0.42 0.52 0.33 0.01 

Paragraph 18 165761.5 48315.85 52 185643.88 56463.20 1,68 1.78 0.19 0.57 0.03 

Overall 
           

No. Correct 18 120.28 33.67 50 104.74 33.61 1,66 2.83 0.10 0.88 0.04 

No. of Errors 18 2.22 2.37 50 1.46 1.68 1,66 2.17 0.15 0.67 0.03 

No. of Reps 18 2.33 1.91 50 2.20 2.48 1,66 0.04 0.84 0.28 0.00 

Accuracy 18 0.96 0.03 50 0.97 0.03 1,66 0.55 0.46 0.35 0.01 

Reaction Time 18 4922.39 928.76 50 5808.17 1306.81 1,66 6.97 0.01 4.61 0.10 
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Measure n Mean SD n Mean SD df F p BF η2 

Letter F 
           

No. Correct 16 20.94 4.85 44 20.20 5.58 1,58 0.22 0.64 0.32 0.00 

No. of Errors 16 0.81 1.17 44 0.25 0.49 1,58 7.02 0.01 4.66 0.11 

No. of Reps 16 0.31 0.48 44 1.07 1.72 1,58 2.98 0.09 0.96 0.05 

Accuracy 16 0.95 0.06 44 0.94 0.07 1,58 0.12 0.73 0.30 0.00 

Reaction Time 16 5173.74 1134.15 44 5970.46 3768.80 1,58 0.69 0.41 0.38 0.01 

Letter A 
           

No. Correct 17 20.35 5.29 46 17.76 5.38 1,61 2.91 0.09 0.92 0.05 

No. of Errors 17 0.94 1.68 46 0.54 0.89 1,61 1.49 0.23 0.52 0.02 

No. of Reps 17 0.53 0.72 46 0.48 0.86 1,61 0.05 0.83 0.29 0.00 

Accuracy 17 0.93 0.08 46 0.95 0.06 1,61 0.71 0.40 0.38 0.01 

Reaction Time 17 5490.34 1297.36 46 6654.22 1980.48 1,61 5.04 0.03 2.16 0.08 

All Letter 
           

No. Correct 18 37.83 13.21 45 37.20 11.00 1,61 0.04 0.85 0.28 0.00 

No. of Errors 18 1.61 2.25 45 0.69 1.06 1,61 4.91 0.03 2.03 0.07 

No. of Reps 18 0.78 0.88 45 1.53 2.05 1,61 2.26 0.14 0.70 0.04 

Accuracy 18 0.93 0.07 45 0.95 0.05 1,61 0.78 0.38 0.38 0.01 

Reaction Time 16 53462.57 9610.44 46 54790.91 7802.90 1,60 0.31 0.58 0.33 0.01 

Animals 
           

No. Correct 17 30.94 7.56 50 25.86 8.23 1,65 5.03 0.03 2.15 0.07 

No. of Errors 17 0.06 0.24 50 0.18 0.48 1,65 0.98 0.33 0.42 0.02 

No. of Reps 17 0.59 1.06 50 0.28 0.54 1,65 2.43 0.12 0.76 0.04 

Accuracy 17 0.98 0.03 50 0.98 0.03 1,65 0.07 0.79 0.29 0.00 

Reaction Time 17 50400.17 7438.43 49 49541.60 7291.23 1,64 0.17 0.68 0.30 0.00 

Vehicles 
           

No. Correct 18 16.39 5.54 49 14.39 4.28 1,65 2.44 0.12 0.75 0.04 
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Measure n Mean SD n Mean SD df F p BF η2 

No. of Errors 18 0.11 0.32 49 0.10 0.31 1,65 0.01 0.92 0.28 0.00 

No. of Reps 18 0.56 0.86 49 0.27 0.53 1,65 2.77 0.10 0.86 0.04 

Accuracy 18 0.96 0.04 49 0.98 0.04 1,65 2.31 0.13 0.71 0.03 

Reaction Time 18 37990.47 15792.64 49 41631.27 12126.86 1,65 1.00 0.32 0.42 0.02 

All Category 
           

No. Correct 18 45.61 13.41 50 39.96 11.39 1,66 2.96 0.09 0.93 0.04 

No. of Errors 18 0.17 0.38 50 0.28 0.64 1,66 0.50 0.48 0.34 0.01 

No. of Reps 18 1.11 1.13 50 0.54 0.81 1,66 5.26 0.03 2.34 0.07 

Accuracy 18 0.97 0.02 50 0.98 0.02 1,66 0.76 0.39 0.38 0.01 

Reaction Time 18 47801.95 11587.65 50 47047.40 7274.15 1,66 0.10 0.75 0.29 0.00 

Switching Letter 
(S/C) 

           

No. Correct 15 24.07 8.35 42 21.17 7.26 1,55 1.63 0.21 0.57 0.03 

No. of Errors 15 0.33 0.62 42 0.38 0.96 1,55 0.03 0.86 0.30 0.00 

No. of Reps 15 0.40 0.63 42 0.26 0.54 1,55 0.65 0.42 0.39 0.01 

Accuracy 15 0.97 0.05 42 0.97 0.06 1,55 0.02 0.90 0.30 0.00 

Reaction Time 15 52354.92 10644.95 42 52117.62 8417.36 1,55 0.01 0.93 0.30 0.00 

Switching 
Category 

           

No. Correct 15 20.13 2.97 42 15.33 4.98 1,55 12.27 0.00 32.64 0.18 

No. of Errors 15 0.20 0.56 42 0.17 0.38 1,55 0.07 0.80 0.30 0.00 

No. of Reps 15 0.13 0.35 42 0.07 0.26 1,55 0.52 0.48 0.37 0.01 

Accuracy 15 0.98 0.03 42 0.99 0.03 1,55 0.14 0.71 0.31 0.00 

Reaction Time 15 49606.20 6822.55 42 47754.18 8284.65 1,55 0.60 0.44 0.38 0.01 

All Switching 
           

No. Correct 15 44.20 9.71 42 36.50 10.98 1,55 5.75 0.02 2.86 0.10 

No. of Errors 15 0.53 0.74 42 0.55 0.99 1,55 0.00 0.96 0.30 0.00 
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Measure n Mean SD n Mean SD df F p BF η2 

No. of Reps 15 0.53 0.64 42 0.33 0.61 1,55 1.15 0.29 0.47 0.02 

Accuracy 15 0.98 0.02 42 0.98 0.03 1,55 0.04 0.85 0.30 0.00 

Reaction Time 15 51748.06 6184.42 42 50703.01 6391.00 1,55 0.30 0.59 0.34 0.01 

Switch Costs 
           

No. Correct 18 46.61 28.86 50 43.42 22.39 1,66 0.23 0.63 0.30 0.00 

Correct (Letter) 18 17.78 14.27 50 15.70 14.97 1,66 0.26 0.61 0.31 0.00 

Correct (Category) 18 28.83 16.30 50 27.08 10.87 1,66 0.26 0.61 0.31 0.00 

Accuracy 18 0.14 0.37 50 0.14 0.37 1,66 0.00 0.98 0.28 0.00 

Accuracy (Letter) 18 0.13 0.37 50 0.04 0.46 1,66 0.54 0.47 0.35 0.01 

Accuracy 
(Category) 

18 0.16 0.37 50 0.15 0.37 1,66 0.00 0.97 0.28 0.00 

Reaction Time 18 8626.69 23712.92 50 8359.27 20458.82 1,66 0.00 0.96 0.28 0.00 

RT (Letter) 18 3893.18 33874.81 50 6628.84 24698.55 1,66 0.13 0.72 0.29 0.00 

RT (Category) 18 6463.45 21948.38 50 6933.89 21422.12 1,66 0.01 0.94 0.28 0.00 
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Appendix G  

Study 3 language switching ANOVA results 
 

ML Low Switch High Switch 
     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF η2 

Animacy/Size 
              

Accuracy 22 0.86 0.20 26 0.94 0.06 32 0.92 0.13 2,77 1.97 0.15 0.49 0.05 

Control trials 22 0.86 0.22 26 0.94 0.06 32 0.93 0.11 2,77 2.10 0.13 0.54 0.05 

Mixed trials 22 0.86 0.19 26 0.94 0.06 32 0.92 0.14 2,77 1.91 0.16 0.47 0.05 

Repeat trials 22 0.87 0.19 26 0.94 0.05 32 0.92 0.15 2,77 1.57 0.22 0.36 0.04 

Switch trials 22 0.85 0.20 26 0.93 0.08 32 0.92 0.14 2,77 2.16 0.12 0.56 0.05 

Reaction time 22 878.15 185.49 26 914.73 200.28 32 923.63 235.77 2,77 0.32 0.73 0.14 0.01 

Control trials 22 751.78 135.17 26 789.31 188.17 32 800.78 217.33 2,77 0.46 0.63 0.16 0.01 

Mixed trials 22 906.15 204.18 26 945.06 207.24 32 951.27 244.54 2,77 0.30 0.75 0.14 0.01 

Repeat trials 22 843.64 167.19 26 905.43 213.21 32 890.16 234.49 2,77 0.55 0.58 0.17 0.01 

Switch trials 22 968.91 247.54 26 984.91 210.34 32 1012.46 264.96 2,77 0.22 0.80 0.13 0.01 

Efficiency 22 1147.62 620.42 26 983.92 237.23 32 994.08 227.82 2,77 1.39 0.26 0.32 0.04 

Control trials 22 1069.02 886.66 26 844.89 213.71 32 843.32 213.30 2,77 1.63 0.20 0.38 0.04 

Repeat trials 22 1077.62 547.71 26 970.89 249.51 32 954.80 221.82 2,77 0.89 0.42 0.22 0.02 

Switch trials 22 1279.74 678.63 26 1067.42 262.85 32 1107.03 269.33 2,77 1.70 0.19 0.40 0.04 

Switch costs 
              

Local RT cost 22 125.26 107.08 26 79.48 86.10 32 122.29 103.12 2,77 1.74 0.18 0.42 0.04 

Local Acc cost 22 -0.02 0.05 26 -0.01 0.04 32 -0.01 0.05 2,77 0.52 0.59 0.16 0.01 

Global RT cost 22 126.37 116.85 26 125.42 63.61 32 122.84 90.36 2,77 0.01 0.99 0.11 0.00 

Global Acc cost 22 0.00 0.06 26 0.00 0.03 32 -0.01 0.05 2,77 0.42 0.66 0.15 0.01 

Mixing RT cost 22 91.86 118.30 26 116.12 88.33 32 89.38 123.80 2,77 0.47 0.63 0.16 0.01 

Mixing Acc cost 22 0.01 0.07 26 0.00 0.04 32 -0.01 0.06 2,77 0.58 0.56 0.17 0.02 
Colour/Shape 

              

Accuracy 47 0.89 0.13 37 0.91 0.13 28 0.94 0.05 2,109 1.18 0.31 0.22 0.02 
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ML Low Switch High Switch 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF η2 

Control Trials 47 0.92 0.13 37 0.92 0.15 28 0.95 0.06 2,109 0.63 0.54 0.14 0.01 

Mixed Trials 47 0.89 0.15 37 0.90 0.13 28 0.93 0.05 2,109 1.15 0.32 0.22 0.02 

Switch Trials 47 0.88 0.15 37 0.89 0.13 28 0.92 0.07 2,109 0.78 0.46 0.16 0.01 

Repeat Trials 47 0.90 0.15 37 0.91 0.13 28 0.95 0.05 2,109 1.46 0.24 0.27 0.03 

Reaction Time 47 847.14 229.91 37 881.36 269.41 28 897.26 212.34 2,109 0.44 0.65 0.12 0.01 

Control Trials 47 611.83 137.76 37 700.30 618.37 28 631.96 168.82 2,109 0.60 0.55 0.14 0.01 

Mixed Trials 47 925.84 273.86 37 940.47 228.49 28 977.07 231.23 2,109 0.38 0.69 0.12 0.01 
Switch Trials 47 1040.59 364.77 37 1034.39 279.26 28 1075.24 283.68 2,109 0.15 0.86 0.10 0.00 

Repeat Trials 47 802.00 216.10 37 835.15 205.03 28 860.77 203.80 2,109 0.73 0.49 0.16 0.01 

Efficiency 47 970.43 308.96 37 993.64 372.50 28 965.43 266.08 2,109 0.08 0.93 0.09 0.00 

Control Trials 47 682.57 208.00 37 798.84 706.42 28 673.99 224.17 2,109 0.91 0.41 0.18 0.02 

Switch Trials 47 1248.69 629.20 37 1187.17 440.34 28 1184.84 357.97 2,109 0.20 0.82 0.10 0.00 

Repeat Trials 47 915.68 309.60 37 937.25 280.23 28 912.87 245.31 2,109 0.08 0.92 0.09 0.00 

Switch Costs 
              

Local RT cost 47 238.59 208.58 37 199.24 158.12 28 214.47 169.82 2,109 0.49 0.62 0.13 0.01 

Local Acc cost 47 -0.02 0.05 37 -0.01 0.05 28 -0.03 0.04 2,109 1.20 0.31 0.22 0.02 

Global RT cost 47 235.31 181.06 37 181.06 439.19 28 265.30 136.70 2,109 0.74 0.48 0.16 0.01 

Global Acc cost 47 -0.02 0.08 37 -0.01 0.06 28 -0.01 0.04 2,109 0.28 0.76 0.11 0.01 

Mixing RT cost 47 190.17 189.19 37 134.85 566.91 28 228.80 166.71 2,109 0.57 0.57 0.14 0.01 

Mixing Acc cost 47 -0.01 0.09 37 -0.01 0.09 28 0.00 0.04 2,109 0.33 0.72 0.11 0.01 

Letter/Number 
              

Accuracy 22 0.70 0.35 26 0.86 0.21 32 0.84 0.24 2,77 2.24 0.11 0.60 0.06 

Control Trials 22 0.75 0.40 26 0.92 0.20 32 0.84 0.31 2,77 1.83 0.17 0.44 0.05 

Mixed Trials 22 0.69 0.34 26 0.84 0.23 32 0.83 0.24 2,77 2.39 0.10 0.67 0.06 

Switch Trials 22 0.68 0.33 26 0.82 0.23 32 0.81 0.24 2,77 1.98 0.15 0.49 0.05 

Repeat Trials 22 0.70 0.35 26 0.86 0.23 32 0.86 0.24 2,77 2.75 0.07 0.88 0.07 

Reaction Time 22 1171.71 288.43 26 1117.78 209.93 32 1111.69 312.63 2,77 0.35 0.71 0.14 0.01 



 204 

 
ML Low Switch High Switch 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF η2 

Control Trials 22 838.10 194.59 26 860.21 236.36 32 825.96 264.95 2,77 0.15 0.86 0.12 0.00 

Mixed Trials 22 1191.91 343.59 26 1190.27 268.75 32 1154.81 343.30 2,77 0.12 0.89 0.12 0.00 

Switch Trials 22 1340.97 412.99 26 1341.01 334.76 32 1371.95 375.07 2,77 0.07 0.94 0.12 0.00 

Repeat Trials 22 1145.14 337.54 26 1012.24 294.01 32 1041.18 357.47 2,77 1.04 0.36 0.24 0.03 

Efficiency 22 8923.66 24420.43 26 8464.21 36347.92 32 2703.34 6788.92 2,77 0.56 0.57 0.17 0.01 

Control Trials 19 2067.62 4166.99 25 909.12 350.47 29 887.63 292.19 2,70 2.12 0.13 0.57 0.06 

Switch Trials 22 4565.08 6660.43 25 1803.45 1250.55 32 3846.43 11139.83 2,76 0.79 0.46 0.20 0.02 
Repeat Trials 21 4346.33 8743.35 26 2095.25 3925.73 32 1960.10 3507.85 2,76 1.39 0.26 0.32 0.04 

Switch Costs 
              

Local RT cost 22 195.83 283.02 26 328.78 191.23 32 330.77 203.24 2,77 2.85 0.06 0.95 0.07 

Local Acc cost 22 -0.01 0.06 26 -0.03 0.07 32 -0.04 0.07 2,77 1.45 0.24 0.34 0.04 

Global RT cost 22 333.61 192.12 26 257.58 203.62 32 285.73 209.27 2,77 0.85 0.43 0.21 0.02 

Global Acc cost 22 -0.05 0.10 26 -0.07 0.13 32 0.00 0.14 2,77 1.97 0.15 0.52 0.05 

Mixing RT cost 22 307.03 212.35 26 152.03 282.29 32 215.22 223.52 2,77 2.47 0.09 0.71 0.06 

Mixing Acc cost 22 -0.06 0.13 26 -0.07 0.16 32 0.02 0.17 2,77 2.60 0.08 0.85 0.06 

Response 
Switching 

              

Accuracy 46 0.89 0.16 36 0.90 0.14 28 0.89 0.17 2,107 0.14 0.87 0.10 0.00 

Control Trials 46 0.93 0.17 36 0.93 0.17 28 0.91 0.20 2,107 0.10 0.91 0.09 0.00 

Mixed Trials 46 0.88 0.16 36 0.90 0.13 28 0.89 0.16 2,107 0.18 0.84 0.10 0.00 

Switch Trials 46 0.86 0.16 36 0.87 0.14 28 0.86 0.16 2,107 0.09 0.91 0.09 0.00 

Repeat Trials 46 0.90 0.17 36 0.93 0.13 28 0.92 0.16 2,107 0.36 0.70 0.12 0.01 

Reaction Time 46 1010.76 283.57 36 1025.15 310.83 28 975.97 224.54 2,107 0.25 0.78 0.11 0.01 

Control Trials 46 685.07 248.36 36 704.57 451.63 28 626.25 167.71 2,107 0.51 0.60 0.13 0.01 

Mixed Trials 46 1123.41 322.77 36 1133.78 355.22 28 1076.08 250.65 2,107 0.29 0.75 0.11 0.01 

Switch Trials 46 1233.91 400.52 36 1246.18 412.44 28 1158.77 279.47 2,107 0.49 0.62 0.13 0.01 

Repeat Trials 46 985.96 266.85 36 993.47 291.68 28 977.18 274.88 2,107 0.03 0.97 0.09 0.00 
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ML Low Switch High Switch 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF η2 

Efficiency 46 1402.82 2043.72 36 1195.86 616.29 28 1419.28 1954.54 2,107 0.19 0.82 0.10 0.00 

Control Trials 46 1349.40 4391.55 36 1405.96 4005.60 28 1376.30 3831.44 2,107 0.00 1.00 0.09 0.00 

Switch Trials 46 1600.53 1401.49 36 1472.86 610.50 28 1528.00 1147.21 2,107 0.13 0.88 0.10 0.00 

Repeat Trials 46 1472.72 2796.49 36 1111.28 458.79 28 1489.09 2609.63 2,107 0.32 0.73 0.11 0.01 

Switch Costs 
              

Local RT cost 46 247.95 253.15 36 252.71 163.96 28 181.60 224.49 2,107 1.01 0.37 0.19 0.02 

Local Acc cost 46 -0.04 0.06 36 -0.05 0.05 28 -0.06 0.06 2,107 1.13 0.33 0.22 0.02 
Global RT cost 46 325.69 197.21 36 320.58 346.48 28 349.71 222.81 2,107 0.11 0.90 0.09 0.00 

Global Acc cost 46 -0.04 0.06 36 -0.03 0.06 28 -0.02 0.06 2,107 0.91 0.41 0.18 0.02 

Mixing RT cost 46 300.89 191.58 36 288.90 431.84 28 350.92 280.56 2,107 0.35 0.71 0.11 0.01 

Mixing Acc cost 46 -0.03 0.05 36 0.00 0.07 28 0.01 0.09 2,107 2.47 0.09 0.65 0.04 

LexTALE Acc. 47 0.86 0.15 37 0.80 0.17 28 0.85 0.11 2,109 2.14 0.12 0.50 0.04 

Verbal Fluency 
              

Typing Speed 
              

Sentence 18 13689.83 5688.35 26 15029.76 3960.18 30 15010.60 6145.14 2,71 0.42 0.66 0.16 0.01 

Paragraph 21 156664.45 51859.14 26 191383.8
6 

47782.56 32 185666.9
9 

60012.08 2,76 2.70 0.07 0.85 0.07 

Overall 
              

Number Correct 21 120.33 32.35 24 115.25 41.45 32 103.34 30.21 2,74 1.71 0.19 0.43 0.04 

Number of Errors 21 2.24 2.23 24 1.21 1.67 32 1.47 1.63 2,74 1.93 0.15 0.48 0.05 

Number of Reps 21 2.86 2.59 24 2.08 2.32 32 2.63 2.94 2,74 0.52 0.60 0.17 0.01 

Accuracy 21 0.96 0.03 24 0.97 0.02 32 0.96 0.03 2,74 1.87 0.16 0.46 0.05 

Reaction Time 21 4927.54 863.53 24 5425.25 1632.82 32 5844.86 1010.06 2,74 3.68 0.03 1.88 0.09 

Letter F 
           

  
  

Number Correct 19 20.89 4.72 22 22.41 6.45 28 19.75 5.42 2,66 1.39 0.26 0.36 0.04 

Number of Errors 19 0.84 1.12 22 0.27 0.55 28 0.21 0.42 2,66 4.94 0.01 4.58 0.13 

Number of Reps 19 0.84 1.77 22 1.14 1.93 28 1.18 1.93 2,66 0.20 0.82 0.14 0.01 
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ML Low Switch High Switch 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF η2 

Accuracy 19 0.93 0.10 22 0.94 0.07 28 0.94 0.07 2,66 0.26 0.77 0.15 0.01 

Reaction Time 19 5143.66 1049.96 22 5113.03 1250.20 28 6269.37 4639.46 2,66 1.13 0.33 0.29 0.03 

Letter A 
              

Number Correct 20 20.95 5.34 23 19.09 5.92 29 17.55 4.94 2,69 2.37 0.10 0.72 0.06 

Number of Errors 20 0.85 1.57 23 0.52 1.08 29 0.48 0.63 2,69 0.74 0.48 0.21 0.02 

Number of Reps 20 0.50 0.69 23 0.39 0.72 29 0.55 0.91 2,69 0.27 0.77 0.15 0.01 

Accuracy 20 0.94 0.08 23 0.96 0.06 29 0.94 0.06 2,69 0.58 0.57 0.18 0.02 
Reaction Time 20 5321.61 1278.73 23 6246.59 1930.15 29 6656.62 1983.33 2,69 3.31 0.04 1.42 0.09 

All Letter 
              

Number Correct 21 38.86 12.71 22 40.91 12.96 29 36.62 9.91 2,69 0.84 0.44 0.23 0.02 

Number of Errors 21 1.57 2.11 22 0.59 1.22 29 0.69 0.85 2,69 3.15 0.05 1.24 0.08 

Number of Reps 21 1.24 1.81 22 1.55 2.32 29 1.69 2.17 2,69 0.28 0.76 0.15 0.01 

Accuracy 21 0.93 0.07 22 0.95 0.05 29 0.94 0.05 2,69 1.23 0.30 0.30 0.03 

Reaction Time 19 53782.84 9117.54 23 53154.38 6476.91 29 55674.21 8412.73 2,68 0.69 0.50 0.21 0.02 

Animals 
              

Number Correct 20 30.55 7.01 24 28.46 9.25 32 25.03 7.66 2,73 3.12 0.05 1.26 0.08 

Number of Errors 20 0.05 0.22 24 0.04 0.20 32 0.25 0.57 2,73 2.38 0.10 0.74 0.06 

Number of Reps 20 0.65 1.14 24 0.08 0.28 32 0.50 0.88 2,73 2.88 0.06 1.00 0.07 

Accuracy 20 0.98 0.03 24 1.00 0.01 32 0.97 0.04 2,73 4.45 0.02 3.48 0.11 

Reaction Time 20 51103.91 8612.40 24 47985.32 9021.12 31 51079.08 5784.09 2,72 1.32 0.27 0.32 0.04 

Vehicles 
              

Number Correct 21 16.38 5.27 23 14.78 5.46 32 14.66 4.32 2,73 0.87 0.42 0.22 0.02 

Number of Errors 21 0.19 0.51 23 0.13 0.34 32 0.09 0.30 2,73 0.41 0.67 0.16 0.01 

Number of Reps 21 0.62 0.86 23 0.26 0.54 32 0.34 0.60 2,73 1.74 0.18 0.42 0.05 

Accuracy 21 0.95 0.05 23 0.98 0.04 32 0.98 0.04 2,73 2.28 0.11 0.64 0.06 

Reaction Time 21 39323.62 15090.11 23 37165.55 14125.65 32 42775.87 10865.19 2,73 1.27 0.29 0.31 0.03 

All Category 
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ML Low Switch High Switch 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF η2 

Number Correct 21 45.48 12.43 24 42.63 14.16 32 39.69 10.54 2,74 1.43 0.25 0.34 0.04 

Number of Errors 21 0.24 0.54 24 0.17 0.38 32 0.34 0.75 2,74 0.62 0.54 0.19 0.02 

Number of Reps 21 1.24 1.14 24 0.33 0.64 32 0.84 1.27 2,74 4.04 0.02 2.31 0.10 

Accuracy 21 0.97 0.03 24 0.99 0.01 32 0.97 0.03 2,74 4.23 0.02 2.78 0.10 

Reaction Time 21 48488.52 11550.78 24 44771.86 8527.10 32 48293.07 6206.60 2,74 1.43 0.25 0.34 0.04 

Switching Letter 
(S/C) 

              

Number Correct 17 23.47 9.40 20 23.40 8.70 27 20.96 6.30 2,61 0.75 0.48 0.23 0.02 

Number of Errors 17 0.29 0.59 20 0.15 0.49 27 0.48 1.12 2,61 0.92 0.41 0.26 0.03 

Number of Reps 17 0.35 0.61 20 0.25 0.44 27 0.22 0.58 2,61 0.31 0.74 0.16 0.01 

Accuracy 17 0.97 0.05 20 0.98 0.04 27 0.97 0.06 2,61 0.17 0.84 0.15 0.01 

Reaction Time 17 53677.08 11372.84 20 52240.39 8514.32 27 53305.23 8475.75 2,61 0.12 0.88 0.14 0.00 

Switching Category 
              

Number Correct 18 19.83 3.11 20 17.15 6.18 27 15.15 4.23 2,62 5.42 0.01 6.83 0.15 

Number of Errors 18 0.22 0.55 20 0.20 0.41 27 0.11 0.32 2,62 0.45 0.64 0.18 0.01 

Number of Reps 18 0.11 0.32 20 0.15 0.37 27 0.07 0.27 2,62 0.33 0.72 0.17 0.01 
Accuracy 18 0.98 0.03 20 0.98 0.03 27 0.99 0.02 2,62 0.63 0.53 0.21 0.02 

Reaction Time 18 49963.64 9056.36 20 49834.08 7862.83 27 46605.66 8069.07 2,62 1.24 0.30 0.33 0.04 

All Switching 
              

Number Correct 18 42.00 12.41 20 40.55 14.00 27 36.11 9.12 2,62 1.58 0.21 0.43 0.05 

Number of Errors 18 0.50 0.71 20 0.35 0.67 27 0.59 1.12 2,62 0.42 0.66 0.18 0.01 

Number of Reps 18 0.44 0.62 20 0.40 0.60 27 0.30 0.61 2,62 0.36 0.70 0.17 0.01 

Accuracy 18 0.98 0.02 20 0.98 0.02 27 0.98 0.03 2,62 0.08 0.93 0.14 0.00 

Reaction Time 18 52293.33 7323.71 20 51674.31 5713.12 27 50792.55 6859.60 2,62 0.29 0.75 0.16 0.01 

Switch Costs 
              

Number Correct 21 48.33 27.38 24 47.67 23.79 32 42.41 21.44 2,74 0.51 0.60 0.17 0.01 

Correct (Letter) 21 19.86 14.49 24 18.00 14.17 32 15.50 15.24 2,74 0.58 0.56 0.18 0.02 
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ML Low Switch High Switch 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF η2 

Correct (Category) 21 28.48 15.24 24 28.33 12.75 32 26.91 10.20 2,74 0.13 0.88 0.13 0.00 

Accuracy 21 0.11 0.35 24 0.15 0.38 32 0.13 0.37 2,74 0.08 0.92 0.12 0.00 

Accuracy (Letter) 21 0.14 0.38 24 0.06 0.48 32 0.04 0.43 2,74 0.37 0.69 0.15 0.01 

Accuracy 
(Category) 

21 0.13 0.35 24 0.17 0.38 32 0.14 0.37 2,74 0.10 0.91 0.12 0.00 

Reaction Time 21 7319.15 22142.23 24 5989.44 20860.80 32 9252.95 20514.91 2,74 0.17 0.85 0.13 0.01 

RT (Letter) 21 5207.79 34547.10 24 7405.95 23151.42 32 5478.47 25510.04 2,74 0.05 0.96 0.12 0.00 

RT (Category) 21 5662.55 20472.52 24 3243.46 22487.94 32 8969.55 20608.97 2,74 0.51 0.60 0.17 0.01 
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Appendix H  

Study 3 linguistic distance ANOVA results 
 

ML Related Unrelated 
     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

Animacy/Size 
              

Accuracy 22 0.86 0.20 17 0.95 0.04 13 0.88 0.20 2,49 1.377 0.26 0.41 0.05 

Control trials 22 0.86 0.22 17 0.95 0.04 13 0.91 0.17 2,49 1.24 0.30 0.38 0.05 

Mixed trials 22 0.86 0.19 17 0.95 0.04 13 0.88 0.21 2,49 1.404 0.26 0.42 0.05 

Repeat trials 22 0.87 0.19 17 0.94 0.06 13 0.88 0.22 2,49 1.06 0.35 0.33 0.04 

Switch trials 22 0.85 0.20 17 0.95 0.05 13 0.88 0.20 2,49 1.765 0.18 0.55 0.07 

Reaction time 22 878.15 185.49 17 891.70 127.35 13 882.70 288.28 2,49 0.022 0.98 0.15 0.00 

Control trials 22 751.78 135.17 17 756.87 122.73 13 755.26 261.41 2,49 0.004 1.00 0.15 0.00 

Mixed trials 22 906.15 204.18 17 924.16 137.92 13 911.34 296.28 2,49 0.035 0.97 0.16 0.00 

Repeat trials 22 843.64 167.19 17 882.48 140.53 13 832.71 267.37 2,49 0.307 0.74 0.19 0.01 

Switch trials 22 968.91 247.54 17 965.88 147.71 13 990.07 336.79 2,49 0.041 0.96 0.16 0.00 

Efficiency 22 1147.62 620.42 17 943.44 152.35 13 976.66 262.58 2,49 1.228 0.30 0.38 0.05 

Control trials 22 1069.02 886.66 17 798.02 137.63 13 797.92 247.50 2,49 1.302 0.28 0.39 0.05 

Repeat trials 22 1077.62 547.71 17 937.42 159.99 13 924.72 241.93 2,49 0.895 0.42 0.29 0.04 

Switch trials 22 1279.74 678.63 17 1020.85 185.05 13 1118.66 319.03 2,49 1.425 0.25 0.43 0.06 

Switch costs 
              

Local RT cost 22 125.26 107.08 17 83.39 84.15 13 157.37 131.22 2,49 1.815 0.17 0.53 0.07 

Local Acc cost 22 -0.02 0.05 17 0.01 0.05 13 0.00 0.03 2,49 1.709 0.19 0.53 0.07 

Global RT cost 22 126.37 116.85 17 134.83 87.56 13 127.45 74.07 2,49 0.039 0.96 0.16 0.00 

Global Acc cost 22 0.00 0.06 17 0.00 0.03 13 -0.02 0.05 2,49 0.874 0.42 0.28 0.03 

Mixing RT cost 22 91.86 118.30 17 125.61 118.06 13 77.45 92.12 2,49 0.76 0.47 0.26 0.03 

Mixing Acc cost 22 0.01 0.07 17 -0.01 0.05 13 -0.03 0.07 2,49 1.322 0.28 0.38 0.05 
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ML Related Unrelated 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

Colour/Shape 
              

Accuracy 47 0.89 0.13 18 0.95 0.04 19 0.92 0.08 2,81 1.971 0.15 0.55 0.05 

Control Trials 47 0.92 0.13 18 0.96 0.04 19 0.94 0.07 2,81 1.097 0.34 0.28 0.03 

Mixed Trials 47 0.89 0.15 18 0.95 0.04 19 0.92 0.08 2,81 1.844 0.17 0.50 0.04 

Switch Trials 47 0.88 0.15 18 0.94 0.06 19 0.91 0.09 2,81 1.52 0.23 0.39 0.04 

Repeat Trials 47 0.90 0.15 18 0.97 0.03 19 0.93 0.08 2,81 2.001 0.14 0.55 0.05 

Reaction Time 47 847.14 229.91 18 853.46 176.96 19 953.72 251.12 2,81 1.602 0.21 0.39 0.04 

Control Trials 47 611.83 137.76 18 600.87 102.14 19 673.86 199.57 2,81 1.462 0.24 0.34 0.04 

Mixed Trials 47 925.84 273.86 18 931.99 206.07 19 1020.80 268.60 2,81 0.95 0.39 0.24 0.02 

Switch Trials 47 1040.59 364.77 18 1009.34 234.43 19 1135.85 338.68 2,81 0.761 0.47 0.20 0.02 

Repeat Trials 47 802.00 216.10 18 841.45 200.43 19 883.22 224.13 2,81 1.007 0.37 0.26 0.02 

Efficiency 47 970.43 308.96 18 897.44 190.64 19 1056.52 371.05 2,81 1.274 0.29 0.29 0.03 

Control Trials 47 682.57 208.00 18 627.55 101.56 19 732.60 285.14 2,81 1.139 0.33 0.27 0.03 

Switch Trials 47 1248.69 629.20 18 1082.10 259.53 19 1291.63 549.59 2,81 0.781 0.46 0.21 0.02 

Repeat Trials 47 915.68 309.60 18 872.03 208.43 19 970.19 309.75 2,81 0.53 0.59 0.17 0.01 

Switch Costs 
              

Local RT cost 47 238.59 208.58 18 167.90 150.61 19 252.64 192.34 2,81 1.083 0.34 0.26 0.03 

Local Acc cost 47 -0.02 0.05 18 -0.03 0.05 19 -0.02 0.04 2,81 0.303 0.74 0.15 0.01 

Global RT cost 47 235.31 181.06 18 252.59 142.03 19 279.86 134.28 2,81 0.505 0.61 0.17 0.01 

Global Acc cost 47 -0.02 0.08 18 0.00 0.04 19 -0.02 0.04 2,81 0.456 0.64 0.17 0.01 

Mixing RT cost 47 190.17 189.19 18 240.58 184.21 19 209.35 161.41 2,81 0.503 0.61 0.17 0.01 

Mixing Acc cost 47 -0.01 0.09 18 0.01 0.04 19 -0.01 0.05 2,81 0.558 0.58 0.18 0.01 

Letter/No. 
              

Accuracy 22 0.70 0.35 17 0.91 0.09 12 0.87 0.20 2,48 3.611 0.04 2.10 0.13 

Control Trials 22 0.75 0.40 17 0.91 0.24 12 0.90 0.20 2,48 1.532 0.23 0.48 0.06 
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ML Related Unrelated 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

Mixed Trials 22 0.69 0.34 17 0.91 0.09 12 0.87 0.21 2,48 4.185 0.02 3.14 0.15 

Switch Trials 22 0.68 0.33 17 0.89 0.10 12 0.84 0.21 2,48 3.747 0.03 2.32 0.14 

Repeat Trials 22 0.70 0.35 17 0.93 0.09 12 0.89 0.21 2,48 4.486 0.02 3.86 0.16 

Reaction Time 22 1171.71 288.43 17 1024.11 171.70 12 1063.19 302.17 2,48 1.689 0.20 0.54 0.07 

Control Trials 22 838.10 194.59 17 752.24 121.84 12 812.80 181.79 2,48 1.238 0.30 0.38 0.05 

Mixed Trials 22 1191.91 343.59 17 1080.32 212.98 12 1121.54 341.48 2,48 0.662 0.52 0.25 0.03 

Switch Trials 22 1340.97 412.99 17 1245.00 206.63 12 1305.39 409.43 2,48 0.348 0.71 0.20 0.01 

Repeat Trials 22 1145.14 337.54 17 1004.55 237.81 12 950.89 305.17 2,48 1.954 0.15 0.63 0.08 

Efficiency 22 8923.66 24420.43 17 1140.09 243.80 12 1212.79 259.48 2,48 1.441 0.25 0.45 0.06 

Control Trials 19 2067.62 4166.99 16 783.21 137.73 12 956.34 316.16 2,44 1.176 0.32 0.38 0.05 

Switch Trials 22 4565.08 6660.43 17 1422.99 350.26 12 1554.85 507.32 2,48 3.06 0.06 1.42 0.11 

Repeat Trials 21 4346.33 8743.35 17 1103.13 316.22 12 1040.37 252.45 2,47 1.998 0.15 0.66 0.08 

Switch Costs 
              

Local RT cost 22 195.83 283.02 17 240.45 178.96 12 354.50 201.77 2,48 1.789 0.18 0.53 0.07 

Local Acc cost 22 -0.01 0.06 17 -0.03 0.07 12 -0.05 0.09 2,48 0.867 0.43 0.29 0.04 

Global RT cost 22 333.61 192.12 17 271.86 91.10 12 250.40 199.07 2,48 1.172 0.32 0.36 0.05 

Global Acc cost 22 -0.05 0.10 17 0.00 0.19 12 -0.03 0.05 2,48 0.682 0.51 0.26 0.03 

Mixing RT cost 22 307.03 212.35 17 252.30 198.04 12 138.09 204.15 2,48 2.619 0.08 0.94 0.10 

Mixing Acc cost 22 -0.06 0.13 17 0.02 0.24 12 -0.01 0.04 2,48 0.988 0.38 0.32 0.04 

Response 
Switching 

              

Accuracy 46 0.89 0.16 18 0.93 0.05 19 0.86 0.21 2,80 1.028 0.36 0.25 0.03 

Control Trials 46 0.93 0.17 18 0.97 0.03 19 0.86 0.25 2,80 1.656 0.20 0.39 0.04 

Mixed Trials 46 0.88 0.16 18 0.92 0.06 19 0.85 0.20 2,80 0.873 0.42 0.22 0.02 

Switch Trials 46 0.86 0.16 18 0.90 0.07 19 0.83 0.21 2,80 1.052 0.35 0.25 0.03 
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ML Related Unrelated 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

Repeat Trials 46 0.90 0.17 18 0.94 0.05 19 0.89 0.20 2,80 0.649 0.53 0.19 0.02 

Reaction Time 46 1010.76 283.57 18 1021.62 334.22 19 1058.70 225.00 2,80 0.193 0.83 0.14 0.01 

Control Trials 46 685.07 248.36 18 769.19 630.94 19 644.07 263.31 2,80 0.566 0.57 0.18 0.01 

Mixed Trials 46 1123.41 322.77 18 1105.08 296.66 19 1156.02 248.71 2,80 0.138 0.87 0.13 0.00 

Switch Trials 46 1233.91 400.52 18 1210.82 355.28 19 1241.70 292.69 2,80 0.036 0.96 0.12 0.00 

Repeat Trials 46 985.96 266.85 18 973.04 240.31 19 1054.48 282.10 2,80 0.558 0.57 0.18 0.01 

Efficiency 46 1402.82 2043.72 18 1099.93 350.65 19 1722.58 2344.82 2,80 0.497 0.61 0.17 0.01 

Control Trials 46 1349.40 4391.55 18 791.26 627.51 19 1797.12 4653.51 2,80 0.297 0.74 0.15 0.01 

Switch Trials 46 1600.53 1401.49 18 1354.09 426.53 19 1775.89 1351.75 2,80 0.535 0.59 0.17 0.01 

Repeat Trials 46 1472.72 2796.49 18 1034.18 251.80 19 1815.31 3143.51 2,80 0.427 0.65 0.16 0.01 

Switch Costs 
              

Local RT cost 46 247.95 253.15 18 237.78 174.29 19 187.22 279.96 2,80 0.419 0.66 0.16 0.01 

Local Acc cost 46 -0.04 0.06 18 -0.04 0.04 19 -0.06 0.07 2,80 0.931 0.40 0.24 0.02 

Global RT cost 46 325.69 197.21 18 252.43 401.41 19 414.63 297.10 2,80 1.614 0.21 0.38 0.04 

Global Acc cost 46 -0.04 0.06 18 -0.04 0.04 19 -0.01 0.07 2,80 1.991 0.14 0.52 0.05 

Mixing RT cost 46 300.89 191.58 18 203.84 510.37 19 410.41 358.85 2,80 1.887 0.16 0.46 0.05 

Mixing Acc cost 46 -0.03 0.05 18 -0.03 0.05 19 0.02 0.10 2,80 4.007 0.02 2.37 0.09 

LexTALE 
Accuracy 

47 0.86 0.15 18 0.85 0.08 19 0.84 0.10 2,81 0.329 0.72 0.15 0.01 

Verbal Fluency 
              

Typing Speed 
              

Sentence 18 13689.83 5688.35 17 15495.99 5097.41 12 16513.20 7463.52 2,44 0.869 0.43 0.30 0.04 

Paragraph 21 156664.4
5 

51859.14 17 190156.5
8 

43788.12 13 199007.0
2 

57193.38 2,48 3.451 0.04 1.79 0.13 

Overall 
              

No. Correct 21 120.33 32.35 17 104.71 23.78 12 116.75 26.59 2,47 1.494 0.24 0.46 0.06 
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ML Related Unrelated 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

No. of Errors 21 2.24 2.23 17 1.29 1.65 12 1.83 1.85 2,47 1.087 0.35 0.35 0.04 

No. of Reps 21 2.86 2.59 17 1.76 2.44 12 2.75 2.14 2,47 1.053 0.36 0.33 0.04 

Accuracy 21 0.96 0.03 17 0.97 0.02 12 0.96 0.03 2,47 1.12 0.34 0.35 0.05 

Reaction Time 21 4927.54 863.53 17 5500.22 730.10 12 5693.28 1193.39 2,47 3.274 0.05 1.59 0.12 

Letter F 
              

No. Correct 19 20.89 4.72 16 20.50 4.27 12 22.25 5.51 2,44 0.489 0.62 0.23 0.02 

No. of Errors 19 0.84 1.12 16 0.19 0.40 12 0.08 0.29 2,44 4.768 0.01 4.39 0.18 

No. of Reps 19 0.84 1.77 16 1.13 2.13 12 1.17 1.19 2,44 0.163 0.85 0.18 0.01 

Accuracy 19 0.93 0.10 16 0.94 0.08 12 0.95 0.05 2,44 0.344 0.71 0.21 0.02 

Reaction Time 19 5143.66 1049.96 16 5258.57 1080.29 12 5215.77 1266.33 2,44 0.047 0.95 0.17 0.00 

Letter A 
              

No. Correct 20 20.95 5.34 16 16.94 4.28 12 19.25 4.85 2,45 2.999 0.06 1.36 0.12 

No. of Errors 20 0.85 1.57 16 0.69 1.14 12 0.33 0.49 2,45 0.66 0.52 0.25 0.03 

No. of Reps 20 0.50 0.69 16 0.13 0.34 12 0.58 0.67 2,45 2.603 0.09 0.97 0.10 

Accuracy 20 0.94 0.08 16 0.96 0.06 12 0.95 0.06 2,45 0.304 0.74 0.20 0.01 

Reaction Time 20 5321.61 1278.73 16 6776.26 1543.23 12 6102.46 1593.58 2,45 4.506 0.02 3.84 0.17 

All Letter 
              

No. Correct 21 38.86 12.71 16 37.44 7.16 12 41.50 8.77 2,46 0.543 0.59 0.23 0.02 

No. of Errors 21 1.57 2.11 16 0.88 1.45 12 0.42 0.51 2,46 2.045 0.14 0.67 0.08 

No. of Reps 21 1.24 1.81 16 1.25 2.08 12 1.75 1.42 2,46 0.35 0.71 0.20 0.02 

Accuracy 21 0.93 0.07 16 0.95 0.06 12 0.95 0.03 2,46 0.751 0.48 0.27 0.03 

Reaction Time 19 53782.84 9117.54 16 54425.62 7562.22 12 55651.03 9063.15 2,44 0.174 0.84 0.18 0.01 

Animals 
              

No. Correct 20 30.55 7.01 17 26.06 6.48 12 26.25 8.97 2,46 2.131 0.13 0.73 0.09 

No. of Errors 20 0.05 0.22 17 0.18 0.53 12 0.33 0.65 2,46 1.383 0.26 0.41 0.06 



 214 

 
ML Related Unrelated 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

No. of Reps 20 0.65 1.14 17 0.06 0.24 12 0.25 0.45 2,46 2.786 0.07 1.18 0.11 

Accuracy 20 0.98 0.03 17 0.99 0.02 12 0.98 0.03 2,46 1.176 0.32 0.36 0.05 

Reaction Time 20 51103.91 8612.40 16 47564.09 6745.40 12 50636.28 4580.89 2,45 1.186 0.32 0.37 0.05 

Vehicles 
              

No. Correct 21 16.38 5.27 17 13.59 3.79 12 13.33 3.55 2,47 2.614 0.08 1.02 0.10 

No. of Errors 21 0.19 0.51 17 0.06 0.24 12 0.08 0.29 2,47 0.61 0.55 0.25 0.03 

No. of Reps 21 0.62 0.86 17 0.35 0.61 12 0.25 0.62 2,47 1.157 0.32 0.36 0.05 

Accuracy 21 0.95 0.05 17 0.97 0.04 12 0.98 0.04 2,47 1.631 0.21 0.50 0.07 

Reaction Time 21 39323.62 15090.11 17 36077.54 14450.59 12 43343.75 13072.91 2,47 0.895 0.42 0.29 0.04 

All Category 
              

No. Correct 21 45.48 12.43 17 39.65 8.37 12 39.58 11.25 2,47 1.751 0.19 0.56 0.07 

No. of Errors 21 0.24 0.54 17 0.24 0.75 12 0.42 0.67 2,47 0.35 0.71 0.20 0.02 

No. of Reps 21 1.24 1.14 17 0.41 0.71 12 0.50 0.67 2,47 4.62 0.02 4.17 0.16 

Accuracy 21 0.97 0.03 17 0.98 0.02 12 0.98 0.02 2,47 1.617 0.21 0.51 0.06 

Reaction Time 21 48488.52 11550.78 17 44885.25 8846.77 12 48402.64 5259.00 2,47 0.797 0.46 0.28 0.03 

Switching Letter 
(S/C) 

              

No. Correct 17 23.47 9.40 13 23.62 5.38 12 20.42 8.61 2,39 0.631 0.54 0.27 0.03 

No. of Errors 17 0.29 0.59 13 0.08 0.28 12 0.92 1.56 2,39 2.776 0.08 1.08 0.13 

No. of Reps 17 0.35 0.61 13 0.15 0.38 12 0.50 0.80 2,39 1.015 0.37 0.34 0.05 

Accuracy 17 0.97 0.05 13 0.99 0.02 12 0.94 0.09 2,39 2.358 0.11 0.82 0.11 

Reaction Time 17 53677.08 11372.84 13 51757.42 7615.05 12 55475.65 9200.88 2,39 0.456 0.64 0.24 0.02 

Switching 
Category  

              

No. Correct 18 19.83 3.11 13 15.38 3.84 12 15.25 4.99 2,40 6.927 0.00 17.27 0.26 

No. of Errors 18 0.22 0.55 13 0.23 0.44 12 0.08 0.29 2,40 0.423 0.66 0.23 0.02 
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ML Related Unrelated 

     

Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

No. of Reps 18 0.11 0.32 13 0.08 0.28 12 0.00 0.00 2,40 0.665 0.52 0.27 0.03 

Accuracy 18 0.98 0.03 13 0.98 0.04 12 0.99 0.02 2,40 0.986 0.38 0.33 0.05 

Reaction Time 18 49963.64 9056.36 13 51136.70 8003.07 12 46834.16 10082.43 2,40 0.755 0.48 0.28 0.04 

All Switching 
              

No. Correct 18 42.00 12.41 13 39.00 8.37 12 35.67 11.60 2,40 1.177 0.32 0.39 0.06 

No. of Errors 18 0.50 0.71 13 0.31 0.48 12 1.00 1.60 2,40 1.628 0.21 0.50 0.08 

No. of Reps 18 0.44 0.62 13 0.23 0.44 12 0.50 0.80 2,40 0.669 0.52 0.27 0.03 

Accuracy 18 0.98 0.02 13 0.99 0.02 12 0.96 0.05 2,40 1.79 0.18 0.56 0.08 

Reaction Time 18 52293.33 7323.71 13 51654.91 6413.79 12 52359.68 7760.97 2,40 0.039 0.96 0.18 0.00 

Switch Costs 
              

No. Correct 21 48.33 27.38 17 45.06 25.33 12 45.42 11.67 2,47 0.105 0.90 0.17 0.00 

Correct (Letter) 21 19.86 14.49 17 17.18 16.13 12 21.08 8.98 2,47 0.308 0.74 0.19 0.01 

Correct 
(Category) 

21 28.48 15.24 17 27.88 12.25 12 24.33 7.94 2,47 0.426 0.66 0.21 0.02 

Accuracy 21 0.11 0.35 17 0.21 0.43 12 0.00 0.04 2,47 1.386 0.26 0.40 0.06 

Accuracy 
(Letter) 

21 0.14 0.38 17 0.14 0.51 12 0.01 0.07 2,47 0.496 0.61 0.22 0.02 

Accuracy 
(Category) 

21 0.13 0.35 17 0.24 0.43 12 -0.02 0.03 2,47 1.928 0.16 0.58 0.08 

Reaction Time 21 7319.15 22142.23 17 10504.84 25025.03 12 316.42 9120.20 2,47 0.842 0.44 0.28 0.04 

RT (Letter) 21 5207.79 34547.10 17 11644.91 29092.22 12 175.37 14890.66 2,47 0.566 0.57 0.23 0.02 

RT (Category) 21 5662.55 20472.52 17 5780.72 27230.46 12 1568.48 8169.04 2,47 0.176 0.84 0.18 0.01 
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Appendix I  

Study 3 verbal fluency ANOVA separated by trial type and time block 

  ML BL   
 

Measure n Mean SD n  Mean SD df F p η2 

Overall 1 21 44.71 13.81 56 39.73 12.76 1,75 2.23 0.14 0.03 

Overall 2 21 30.90 10.39 56 26.48 9.05 1,75 3.36 0.07 0.04 

Overall 3 21 22.81 8.20 56 21.80 9.29 1,75 0.19 0.66 0.00 

Overall 4 21 21.90 8.53 56 20.43 8.34 1,75 0.47 0.49 0.01 

Letter F 1 19 8.00 2.98 49 7.10 2.76 1,66 1.38 0.24 0.02 

Letter F 2 19 6.79 2.44 45 5.29 2.49 1,62 4.90 0.03 0.07 

Letter F 3 19 4.37 2.01 49 4.39 2.31 1,66 0.00 0.97 0.00 

Letter F 4 19 4.95 2.76 47 3.83 1.90 1,64 3.56 0.06 0.05 

Letter A 1 20 7.45 2.68 52 8.48 2.40 1,70 2.49 0.12 0.03 

Letter A 2 20 5.30 2.23 51 3.67 2.49 1,69 6.55 0.01 0.09 

Letter A 3 20 4.20 1.77 51 2.98 2.40 1,69 4.24 0.04 0.06 

Letter A 4 20 4.00 3.28 52 3.23 2.34 1,70 1.24 0.27 0.02 

Letter 1 21 14.33 5.66 51 15.24 4.27 1,70 0.55 0.46 0.01 

Letter 2 21 9.52 4.32 51 8.92 3.96 1,70 0.33 0.57 0.01 

Letter 3 21 7.86 3.77 51 7.08 4.05 1,70 0.57 0.45 0.01 

Letter 4 21 7.29 5.16 51 6.92 3.32 1,70 0.13 0.72 0.00 

Animals 1 20 10.50 3.89 56 7.98 2.84 1,74 9.45 0.00 0.11 

Animals 2 20 8.55 3.12 56 7.43 3.46 1,74 1.62 0.21 0.02 

Animals 3 20 5.75 2.47 55 6.27 3.05 1,73 0.47 0.49 0.01 

Animals 4 20 5.75 2.77 54 5.11 2.89 1,72 0.73 0.40 0.01 

Transport 1 21 6.43 2.62 55 4.71 2.23 1,74 8.22 0.01 0.10 

Transport 2 21 5.10 2.76 55 3.38 1.87 1,74 9.69 0.00 0.12 

Transport 3 21 2.95 2.09 55 3.42 2.27 1,74 0.67 0.42 0.01 



 217 

  ML BL   
 

Measure n Mean SD n  Mean SD df F p η2 

Transport 4 21 1.90 1.51 55 3.20 2.21 1,74 6.11 0.02 0.08 

Category 1 21 16.43 6.00 56 12.61 4.13 1,75 10.09 0.00 0.12 

Category 2 21 13.24 5.02 56 10.75 4.33 1,75 4.62 0.04 0.06 

Category 3 21 8.43 4.03 56 9.52 4.08 1,75 1.10 0.30 0.01 

Category 4 21 7.38 3.44 56 8.07 4.18 1,75 0.46 0.50 0.01 

Letter switch 1 17 8.35 3.30 47 7.87 2.68 1,62 0.36 0.55 0.01 

Letter switch 2 17 5.82 2.58 46 5.37 2.17 1,61 0.49 0.49 0.01 

Letter switch 3 17 4.65 2.62 47 4.53 2.36 1,62 0.03 0.87 0.00 

Letter switch 4 17 4.65 2.45 47 4.34 2.15 1,62 0.24 0.63 0.00 

Cat switch 1 18 8.39 3.24 47 7.79 3.68 1,63 0.37 0.55 0.01 

Cat switch 2 17 4.24 1.25 46 3.72 2.19 1,61 0.85 0.36 0.01 

Cat switch 3 18 3.22 1.80 47 2.26 1.92 1,63 3.42 0.07 0.05 

Cat switch 4 18 4.22 1.93 46 6.67 27.98 1,62 0.14 0.71 0.00 

Switch 1 18 16.28 5.53 47 15.53 5.24 1,63 0.26 0.62 0.00 

Switch 2 18 9.50 3.55 47 8.89 3.23 1,63 0.43 0.51 0.01 

Switch 3 18 7.61 3.42 47 6.79 3.36 1,63 0.78 0.38 0.01 

Switch 4 18 8.61 3.85 47 6.79 3.04 1,63 4.02 0.05 0.06 
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Appendix J  

Study 3 verbal fluency ANCOVA with typing speed as a covariate 

  ML BL   

Measure n Mean SD n  Mean SD df F p 

Overall                   

Number Correct 21 120.33 32.35 56 108.45 35.61 1,73 0.46 0.50 

Number of Errors 21 2.24 2.23 56 1.36 1.63 1,73 1.59 0.21 

Number of Repetitions 21 2.86 2.59 56 2.39 2.68 1,73 0.14 0.71 

Accuracy 21 0.96 0.03 56 0.97 0.03 1,73 1.03 0.31 

Reaction Time 21 4927.54 863.53 56 5665.02 1316.76 1,73 2.40 0.13 

Letter F                   

Number Correct 19 20.89 4.72 50 20.92 5.98 1,65 0.11 0.74 

Number of Errors 19 0.84 1.12 50 0.24 0.48 1,65 7.17 0.01 

Number of Repetitions 19 0.84 1.77 50 1.16 1.91 1,65 0.75 0.39 

Accuracy 19 0.93 0.10 50 0.94 0.07 1,65 0.03 0.86 

Reaction Time 19 5143.66 1049.96 50 5760.58 3586.99 1,65 1.09 0.30 

Letter A             , 0.00 0.00 

Number Correct 20 20.95 5.34 52 18.23 5.39 1,68 1.35 0.25 

Number of Errors 20 0.85 1.57 52 0.50 0.85 1,68 0.99 0.32 

Number of Repetitions 20 0.50 0.69 52 0.48 0.83 1,68 0.01 0.92 

Accuracy 20 0.94 0.08 52 0.95 0.06 1,68 0.77 0.38 

Reaction Time 20 5321.61 1278.73 52 6475.26 1951.66 1,68 2.56 0.11 

All Letter                   

Number Correct 21 38.86 12.71 51 38.47 11.41 1,68 0.20 0.66 

Number of Errors 21 1.57 2.11 51 0.65 1.02 1,68 6.34 0.01 

Number of Repetitions 21 1.24 1.81 51 1.63 2.22 1,68 0.86 0.36 

Accuracy 21 0.93 0.07 51 0.95 0.05 1,68 1.44 0.23 
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  ML BL   

Measure n Mean SD n  Mean SD df F p 

Reaction Time 19 53782.84 9117.54 52 54559.67 7651.77 1,67 0.64 0.43 

Animals                   

Number Correct 20 30.55 7.01 56 26.50 8.47 1,72 1.61 0.21 

Number of Errors 20 0.05 0.22 56 0.16 0.46 1,72 1.20 0.28 

Number of Repetitions 20 0.65 1.14 56 0.32 0.72 1,72 0.59 0.44 

Accuracy 20 0.98 0.03 56 0.98 0.03 1,72 0.02 0.89 

Reaction Time 20 51103.91 8612.40 55 49729.07 7459.64 1,71 0.14 0.71 

Vehicles                   

Number Correct 21 16.38 5.27 55 14.71 4.78 1,72 0.65 0.42 

Number of Errors 21 0.19 0.51 55 0.11 0.31 1,72 0.00 0.97 

Number of Repetitions 21 0.62 0.86 55 0.31 0.57 1,72 6.05 0.02 

Accuracy 21 0.95 0.05 55 0.98 0.04 1,72 5.82 0.02 

Reaction Time 21 39323.62 15090.11 55 40429.74 12524.48 1,72 0.31 0.58 

All Category                   

Number Correct 21 45.48 12.43 56 40.95 12.19 1,73 0.45 0.51 

Number of Errors 21 0.24 0.54 56 0.27 0.62 1,73 0.60 0.44 

Number of Repetitions 21 1.24 1.14 56 0.63 1.07 1,73 4.01 0.05 

Accuracy 21 0.97 0.03 56 0.98 0.03 1,73 1.30 0.26 

Reaction Time 21 48488.52 11550.78 56 46783.98 7430.38 1,73 0.23 0.64 

Switching Letter (S/C)                   

Number Correct 17 23.47 9.40 47 22.00 7.43 1,61 0.21 0.65 

Number of Errors 17 0.29 0.59 47 0.34 0.92 1,61 0.00 0.96 

Number of Repetitions 17 0.35 0.61 47 0.23 0.52 1,61 1.01 0.32 

Accuracy 17 0.97 0.05 47 0.97 0.06 1,61 0.14 0.71 

Reaction Time 17 53677.08 11372.84 47 52852.11 8416.09 1,61 0.04 0.84 

Switching Category (Fruits/Furniture)                   
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  ML BL   

Measure n Mean SD n  Mean SD df F p 

Number Correct 18 19.83 3.11 47 16.00 5.19 1,62 7.81 0.01 

Number of Errors 18 0.22 0.55 47 0.15 0.36 1,62 0.00 0.95 

Number of Repetitions 18 0.11 0.32 47 0.11 0.31 1,62 0.04 0.84 

Accuracy 18 0.98 0.03 47 0.99 0.03 1,62 0.06 0.82 

Reaction Time 18 49963.64 9056.36 47 47979.45 8058.57 1,62 0.97 0.33 

All Switching                   

Number Correct 18 42.00 12.41 47 38.00 11.53 1,62 1.25 0.27 

Number of Errors 18 0.50 0.71 47 0.49 0.95 1,62 0.00 1.00 

Number of Repetitions 18 0.44 0.62 47 0.34 0.60 1,62 0.93 0.34 

Accuracy 18 0.98 0.02 47 0.98 0.03 1,62 0.03 0.86 

Reaction Time 18 52293.33 7323.71 47 51167.76 6345.99 1,62 0.40 0.53 

Switch Costs                   

Number Correct 21 48.33 27.38 56 44.66 22.42 1,73 0.08 0.78 

Correct (Letter) 21 19.86 14.49 56 16.57 14.71 1,73 0.01 0.92 

Correct (Category) 21 28.48 15.24 56 27.52 11.28 1,73 0.21 0.65 

Accuracy 21 0.11 0.35 56 0.14 0.37 1,73 0.08 0.78 

Accuracy (Letter) 21 0.14 0.38 56 0.05 0.45 1,73 0.29 0.59 

Accuracy (Category) 21 0.13 0.35 56 0.15 0.37 1,73 0.06 0.81 

Reaction Time 21 7319.15 22142.23 56 7854.30 20538.99 1,73 0.05 0.82 

RT (Letter) 21 5207.79 34547.10 56 6304.53 24328.18 1,73 0.38 0.54 

RT (Category) 21 5662.55 20472.52 56 6515.51 21425.37 1,73 0.09 0.77 
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Appendix K  

Study 3 Regression 

AS Local RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.239 0.145 
 

(Constant) 186.728 98.054 
 

1.904 0.063 -10.319 383.774 
   

Age -6.522 3.153 -0.272 -2.068 0.044 -12.858 -0.185 
   

SES -1.238 10.148 -0.016 -0.122 0.903 -21.631 19.155 
   

L2 Age 1.856 3.573 0.067 0.519 0.606 -5.324 9.037 
   

L2Ability -20.139 14.559 -0.205 -1.383 0.173 -49.396 9.119 
   

Lang Switch 21.245 7.978 0.394 2.663 0.01 5.212 37.278 
   

Ling. Dist. 1.51 0.631 0.301 2.392 0.021 0.241 2.778 
   

           

AS Global RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.032 -0.087 
 

(Constant) 131.091 91.502 
 

1.433 0.158 -52.788 314.971 
   

Age -1.748 2.942 -0.088 -0.594 0.555 -7.661 4.165 
   

SES 8.149 9.47 0.126 0.86 0.394 -10.882 27.18 
   

L2 Age 2.141 3.334 0.093 0.642 0.524 -4.56 8.842 
   

L2Ability -3.915 13.586 -0.048 -0.288 0.774 -31.218 23.387 
   

Lang Switch 3.826 7.445 0.086 0.514 0.61 -11.135 18.788 
   

Ling. Dist. 0.106 0.589 0.026 0.18 0.858 -1.078 1.29 
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AS Mix RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.032 -0.087 
 

(Constant) 77.028 127.355 
 

0.605 0.548 -178.902 332.958 
   

Age 0.936 4.095 0.034 0.229 0.82 -7.294 9.166 
   

SES 10.743 13.181 0.119 0.815 0.419 -15.745 37.23 
   

L2 Age 1.359 4.641 0.043 0.293 0.771 -7.968 10.685 
   

L2Ability 5.33 18.91 0.047 0.282 0.779 -32.671 43.331 
   

Lang Switch -6.346 10.362 -0.102 -0.612 0.543 -27.17 14.478 
   

Ling. Dist. -0.651 0.82 -0.112 -0.793 0.431 -2.298 0.997 
   

           
           
           

CS Local RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.077 -0.018 
 

(Constant) -46.602 196.133 
 

-0.238 0.813 -439.206 346.001 
   

Age 2.674 5.722 0.063 0.467 0.642 -8.779 14.127 
   

SES 22.844 16.855 0.172 1.355 0.181 -10.895 56.584 
   

L2 Age 5.504 6.548 0.118 0.84 0.404 -7.605 18.612 
   

L2Ability -3.518 24.294 -0.024 -0.145 0.885 -52.148 45.111 
   

Lang Switch -2.836 13.967 -0.032 -0.203 0.84 -30.794 25.122 
   

Ling. Dist. 1.963 1.202 0.21 1.634 0.108 -0.442 4.368 
   

           
           



 223 

CS Global RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.058 -0.039 
 

(Constant) 221.856 420.157 
 

0.528 0.599 -619.18 1062.892 
   

Age 6.065 12.257 0.068 0.495 0.623 -18.469 30.6 
   

SES 5.593 36.108 0.02 0.155 0.877 -66.684 77.87 
   

L2 Age 3.91 14.028 0.04 0.279 0.781 -24.171 31.99 
   

L2Ability -57.762 52.042 -0.184 -1.11 0.272 -161.936 46.412 
   

Lang Switch 53.494 29.92 0.281 1.788 0.079 -6.397 113.385 
   

Ling. Dist. -0.429 2.574 -0.022 -0.167 0.868 -5.581 4.724 
   

           
           
           

CS Mix RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.056 -0.041 
 

(Constant) 233.394 539.901 
 

0.432 0.667 -847.336 1314.124 
   

Age 7.924 15.75 0.069 0.503 0.617 -23.603 39.451 
   

SES 0.833 46.398 0.002 0.018 0.986 -92.043 93.71 
   

L2 Age 5.177 18.026 0.041 0.287 0.775 -30.906 41.261 
   

L2Ability -63.625 66.874 -0.158 -0.951 0.345 -197.488 70.239 
   

Lang Switch 65.582 38.447 0.269 1.706 0.093 -11.378 142.542 
   

Ling. Dist. -1.974 3.308 -0.077 -0.597 0.553 -8.595 4.647 
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LN Local RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.145 0.04 
 

(Constant) 203.448 210.397 
 

0.967 0.338 -219.359 626.256 
   

Age -6.556 7.149 -0.132 -0.917 0.364 -20.921 7.81 
   

SES -8.305 22.177 -0.052 -0.374 0.71 -52.871 36.261 
   

L2 Age -2.702 7.67 -0.049 -0.352 0.726 -18.114 12.711 
   

L2Ability 15.155 32.193 0.077 0.471 0.64 -49.539 79.85 
   

Lang Switch 5.563 17.239 0.051 0.323 0.748 -29.081 40.207 
   

Ling. Dist. 3.54 1.409 0.336 2.512 0.015 0.708 6.371 
   

           
           
           

LN Global RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.099 -0.011 
 

(Constant) 555.981 227.192 
 

2.447 0.018 99.422 1012.541 
   

Age 1.814 7.719 0.035 0.235 0.815 -13.698 17.327 
   

SES -2.584 23.947 -0.015 -0.108 0.915 -50.707 45.54 
   

L2 Age -8.993 8.282 -0.154 -1.086 0.283 -25.636 7.65 
   

L2Ability -69.539 34.763 -0.336 -2 0.051 -139.398 0.32 
   

Lang Switch 26.448 18.616 0.232 1.421 0.162 -10.961 63.858 
   

Ling. Dist. 0.666 1.521 0.06 0.438 0.663 -2.391 3.724 
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LN Mix RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.152 0.049 
 

(Constant) 438.208 269.183 
 

1.628 0.11 -102.736 979.152 
   

Age 8.863 9.146 0.139 0.969 0.337 -9.517 27.242 
   

SES 21.239 28.373 0.102 0.749 0.458 -35.779 78.257 
   

L2 Age -1.05 9.812 -0.015 -0.107 0.915 -20.768 18.669 
   

L2Ability -87.327 41.188 -0.346 -2.12 0.039 -170.098 -4.557 
   

Lang Switch 34.301 22.056 0.247 1.555 0.126 -10.022 78.625 
   

Ling. Dist. -2.169 1.803 -0.16 -1.203 0.235 -5.791 1.454 
   

           
           
           

RS Local RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.111 0.018 
 

(Constant) 222.783 232.158 
 

0.96 0.341 -242.105 687.672 
   

Age -4.78 6.748 -0.094 -0.708 0.482 -18.293 8.732 
   

SES 23.206 19.879 0.147 1.167 0.248 -16.6 63.013 
   

L2 Age 5.255 7.743 0.093 0.679 0.5 -10.25 20.76 
   

L2Ability 15.112 28.792 0.084 0.525 0.602 -42.544 72.767 
   

Lang Switch -29.36 16.456 -0.272 -1.784 0.08 -62.312 3.591 
   

Ling. Dist. 0.215 1.416 0.019 0.152 0.88 -2.62 3.049 
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RS Global RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.128 0.036 
 

(Constant) 136.312 351.335 
 

0.388 0.699 -567.225 839.849 
   

Age -8.415 10.212 -0.109 -0.824 0.413 -28.864 12.034 
   

SES 39.339 30.083 0.163 1.308 0.196 -20.902 99.58 
   

L2 Age -0.689 11.718 -0.008 -0.059 0.953 -24.153 22.775 
   

L2Ability 0.708 43.573 0.003 0.016 0.987 -86.545 87.961 
   

Lang Switch -12.11 24.903 -0.073 -0.486 0.629 -61.977 37.757 
   

Ling. Dist. 5.106 2.142 0.3 2.384 0.02 0.817 9.396 
   

           
           
           

RS Mix RT Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.1 0.005 
 

(Constant) 35.608 446.97 
 

0.08 0.937 -859.434 930.651 
   

Age -6.929 12.992 -0.072 -0.533 0.596 -32.944 19.086 
   

SES 45.781 38.272 0.152 1.196 0.237 -30.858 122.42 
   

L2 Age -0.333 14.907 -0.003 -0.022 0.982 -30.184 29.518 
   

L2Ability -6.632 55.433 -0.019 -0.12 0.905 -117.635 104.372 
   

Lang Switch -3.133 31.682 -0.015 -0.099 0.922 -66.574 60.308 
   

Ling. Dist. 5.814 2.725 0.273 2.133 0.037 0.356 11.271 
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VF Switch Accuracy Unstandardized Coefficients Standardized Coefficients t Sig. 95.0% Confidence Interval for B R2 R2 adj. 
 

B Std. Error Beta 
  

Lower Bound Upper Bound 
  

Model 
       

0.202 0.076 
 

(Constant) 0.929 0.04 
 

23.181 0 0.848 1.01 
   

Age 0.002 0.001 0.186 1.224 0.229 -0.001 0.005 
   

SES 0.006 0.004 0.233 1.509 0.14 -0.002 0.014 
   

L2 Age 0.003 0.001 0.283 1.845 0.073 0 0.005 
   

L2Ability 0.003 0.005 0.106 0.639 0.527 -0.007 0.014 
   

Lang Switch -0.003 0.003 -0.18 -1.088 0.284 -0.009 0.003 
   

Ling. Dist. 0 0 -0.259 -1.746 0.089 -0.001 0 
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Appendix L  
Study 4 ANOVA results comparing monolinguals and bilinguals on colour shape measures 

 

  

  ML BL   
  

Colour Shape Measure n Mean SD n  Mean SD df F p BF10 η2 

Accuracy 53 89.82 10.79 70 90.90 10.99 1,121 0.30 0.59 0.19 0.00 

RT 53 954.30 230.53 70 894.88 257.02 1,121 1.76 0.19 0.51 0.02 

Accuracy (Control trials) 53 93.22 11.73 70 92.22 14.78 1,121 0.17 0.69 0.19 0.00 

RT (Control trials) 53 659.01 141.28 70 629.94 192.98 1,121 0.86 0.36 0.30 0.01 

Accuracy (Mixed trials) 53 89.09 10.86 70 90.62 10.86 1,121 0.59 0.44 0.20 0.00 

RT (Mixed trials) 53 986.14 265.53 70 964.86 289.82 1,121 0.18 0.68 0.20 0.00 

Accuracy (Switch trials) 53 88.08 10.86 70 89.54 11.44 1,121 0.51 0.48 0.20 0.00 

RT (Switch trials) 53 1089.62 308.85 70 1074.25 336.07 1,121 0.07 0.80 0.19 0.00 

Accuracy (Repeat trials) 53 90.30 11.78 70 91.75 11.02 1,121 0.49 0.49 0.20 0.00 

RT (Repeat trials) 53 871.58 235.13 70 839.77 250.39 1,121 0.51 0.48 0.22 0.00 

Efficiency (Control) 53 7.38 3.07 70 7.15 3.99 1,121 0.13 0.72 0.32 0.01 

Efficiency (Switch) 53 12.68 4.46 70 12.27 4.55 1,121 0.26 0.62 0.25 0.01 

Efficiency (Repeat) 53 10.00 3.86 70 9.44 4.01 1,121 0.59 0.44 0.25 0.01 

Efficiency (Overall) 53 10.95 3.83 70 10.05 3.57 1,121 1.83 0.18 0.22 0.00 

Local RT switch cost 53 218.05 160.48 70 234.48 150.43 1,121 0.34 0.56 0.19 0.00 

Local accuracy switch cost 53 -2.22 5.02 70 -2.21 4.51 1,121 0.00 0.99 0.19 0.00 

Local efficicency switch cost 53 2.68 2.41 70 2.82 2.01 1,121 0.12 0.73 0.19 0.00 

Global RT switch cost 53 327.13 238.94 70 334.92 253.08 1,121 0.03 0.86 0.20 0.00 

Global accuracy switch cost 53 -3.40 4.99 70 -1.31 8.36 1,121 2.59 0.11 0.31 0.01 

Global efficiency switch cost 53 3.57 3.18 70 2.90 4.17 1,121 0.96 0.33 0.30 0.01 

RT mixing cost 53 212.57 203.47 70 209.83 230.01 1,121 0.01 0.95 0.19 0.00 

Accuracy mixing cost 53 -2.92 7.00 70 -0.47 10.22 1,121 2.25 0.14 0.28 0.01 

Efficiency mixing cost 53 2.61 3.15 70 2.30 3.63 1,121 0.26 0.61 0.34 0.01 
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Appendix M  
Study 4 gapped groups ANOVA results 
 

  ML BL       
  

Colour Shape Measure n Mean SD n  Mean SD df F p BF10 η2 

Accuracy 21 89.60 12.13 67 90.96 11.21 1,86 0.23 0.64 0.25 0.00 

RT 21 922.49 189.60 67 900.63 258.75 1,86 0.13 0.72 0.38 0.01 

Accuracy (Control trials) 21 92.12 12.49 67 92.06 15.08 1,86 0.00 0.99 0.26 0.00 

RT (Control trials) 21 641.66 85.30 67 631.80 195.96 1,86 0.05 0.82 0.25 0.00 

Accuracy (Mixed trials) 21 89.08 12.20 67 90.72 11.06 1,86 0.33 0.57 0.25 0.00 

RT (Mixed trials) 21 1004.11 184.25 67 970.49 290.73 1,86 0.25 0.62 0.36 0.01 

Accuracy (Switch trials) 21 87.54 12.82 67 89.77 11.57 1,86 0.56 0.46 0.25 0.00 

RT (Switch trials) 21 1123.66 223.52 67 1081.78 337.47 1,86 0.28 0.60 0.36 0.01 

Accuracy (Repeat trials) 21 90.31 12.49 67 91.73 11.24 1,86 0.24 0.63 0.25 0.00 

RT (Repeat trials) 21 876.70 164.77 67 843.24 250.71 1,86 0.33 0.57 0.35 0.01 

Efficiency (Control) 21 7.14 1.73 67 7.19 4.07 1,86 0.00 0.96 0.26 0.00 

Efficiency (Switch) 21 13.25 3.95 67 12.33 4.60 1,86 0.68 0.41 0.27 0.00 

Efficiency (Repeat) 21 9.94 2.67 67 9.49 4.05 1,86 0.23 0.64 0.28 0.00 

Efficiency (Overall) 21 10.57 3.03 67 10.11 3.61 1,86 0.27 0.60 0.27 0.00 

Local RT switch cost 21 246.96 149.28 67 238.53 151.91 1,86 0.05 0.82 0.27 0.00 

Local accuracy switch cost 21 -2.78 3.95 67 -1.97 4.28 1,86 0.60 0.44 0.33 0.01 

Local efficicency switch cost 21 3.31 2.16 67 2.84 2.05 1,86 0.82 0.37 0.46 0.02 

Global RT switch cost 21 362.45 178.26 67 338.69 254.26 1,86 0.16 0.69 0.32 0.01 

Global accuracy switch cost 21 -2.52 4.64 67 -1.10 8.40 1,86 0.55 0.46 0.33 0.01 

Global efficiency switch cost 21 3.43 2.81 67 2.92 4.24 1,86 0.26 0.61 0.26 0.00 
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  ML BL       
  

Colour Shape Measure n Mean SD n  Mean SD df F p BF10 η2 

RT mixing cost 21 235.04 151.35 67 211.45 230.31 1,86 0.19 0.66 0.30 0.01 

Accuracy mixing cost 21 -1.81 6.05 67 -0.32 10.34 1,86 0.39 0.53 0.30 0.01 

Efficiency mixing cost 21 2.80 1.58 67 2.30 3.66 1,86 0.37 0.55 0.27 0.00 
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Appendix N  
Study 4 ANOVA with monolinguals, low frequency and high frequency language switch bilinguals 

  ML BL low switch BL high switch       
  

Colour Shape Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

Accuracy 53 89.82 10.79 41 91.25 10.29 29 90.42 12.07 2,120 0.20 0.82 0.08 0.00 

RT 53 954.30 230.53 41 909.62 287.70 29 874.05 209.22 2,120 1.05 0.35 0.23 0.02 

Accuracy (Control trials) 53 93.22 11.73 41 92.43 12.50 29 91.92 17.75 2,120 0.09 0.91 0.08 0.00 

RT (Control trials) 53 659.01 141.28 41 616.07 137.87 29 649.55 252.86 2,120 0.74 0.48 0.13 0.01 

Accuracy (Mixed trials) 53 89.09 10.86 41 90.99 10.11 29 90.09 12.02 2,120 0.35 0.70 0.08 0.00 

RT (Mixed trials) 53 986.14 265.53 41 962.30 268.59 29 968.48 322.35 2,120 0.09 0.91 0.08 0.00 

Accuracy (Switch trials) 53 88.08 10.86 41 89.43 10.46 29 89.70 12.89 2,120 0.26 0.77 0.08 0.00 

RT (Switch trials) 53 1089.62 308.85 41 1079.37 318.84 29 1067.02 364.70 2,120 0.05 0.96 0.08 0.00 

Accuracy (Repeat trials) 53 90.30 11.78 41 92.61 10.55 29 90.54 11.73 2,120 0.53 0.59 0.09 0.00 

RT (Repeat trials) 53 871.58 235.13 41 835.18 226.87 29 846.26 284.43 2,120 0.27 0.76 0.09 0.00 

Efficiency (Control) 53 7.38 3.07 41 6.80 2.09 29 7.63 5.71 2,120 0.51 0.61 0.13 0.01 

Efficiency (Switch) 53 12.68 4.46 41 12.33 4.30 29 12.17 4.97 2,120 0.14 0.87 0.20 0.02 

Efficiency (Repeat) 53 10.00 3.86 41 9.40 4.28 29 9.50 3.67 2,120 0.30 0.74 0.21 0.02 

Efficiency (Overall) 53 10.95 3.83 41 10.19 4.14 29 9.84 2.63 2,120 0.98 0.38 0.19 0.02 

Local RT switch cost 53 218.05 160.48 41 244.19 156.90 29 220.76 142.36 2,120 0.36 0.70 0.08 0.00 

Local accuracy switch cost 53 -2.22 5.02 41 -3.18 4.48 29 -0.84 4.24 2,120 2.14 0.12 0.55 0.04 

Local efficiency switch cost 53 2.68 2.41 41 2.93 2.09 29 2.67 1.92 2,120 0.18 0.83 0.09 0.00 

Global RT switch cost 53 327.13 238.94 41 346.23 205.83 29 318.94 311.23 2,120 0.12 0.89 0.12 0.01 

Global accuracy switch cost 53 -3.40 4.99 41 -1.18 5.17 29 -1.50 11.57 2,120 1.30 0.28 0.12 0.01 

Global efficiency cost 53 3.57 3.18 41 3.39 3.12 29 2.21 5.30 2,120 1.31 0.27 0.22 0.02 

RT mixing cost 53 212.57 203.47 41 219.11 175.85 29 196.72 293.08 2,120 0.09 0.91 0.15 0.01 
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  ML BL low switch BL high switch       
  

Colour Shape Measure n Mean SD n  Mean SD n  Mean SD df F p BF10 η2 

Accuracy mixing cost 53 -2.92 7.00 41 0.18 6.62 29 -1.38 13.90 2,120 1.37 0.26 0.13 0.01 

Efficiency mixing cost 53 2.61 3.15 41 2.60 2.77 29 1.87 4.61 2,120 0.50 0.61 0.27 0.02 
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Appendix O  

Study 4 ANOVA including monolinguals and dual language context bilinguals 

  ML Dual Language BL       
  

Colour Shape Measure n Mean SD n  Mean SD df F p BF10 η2 

Accuracy 53 89.82 10.79 43 90.86 11.40 1,94 0.21 0.65 0.24 0.01 
RT 53 954.30 230.53 43 875.84 256.58 1,94 2.49 0.12 0.64 0.02 
Accuracy (Control trials) 53 93.22 11.73 43 93.07 13.37 1,94 0.00 0.95 0.22 0.01 
RT (Control trials) 53 659.01 141.28 43 633.55 206.10 1,94 0.51 0.48 0.27 0.01 
Accuracy (Mixed trials) 53 89.09 10.86 43 90.37 11.43 1,94 0.32 0.58 0.25 0.01 
RT (Mixed trials) 53 986.14 265.53 43 927.65 264.36 1,94 1.16 0.29 0.36 0.01 
Accuracy (Switch trials) 53 88.08 10.86 43 89.41 12.65 1,94 0.31 0.58 0.25 0.01 
RT (Switch trials) 53 1089.62 308.85 43 1028.94 309.51 1,94 0.92 0.34 0.32 0.01 
Accuracy (Repeat trials) 53 90.30 11.78 43 91.33 10.99 1,94 0.19 0.66 0.23 0.01 
RT (Repeat trials) 53 871.58 235.13 43 810.20 225.66 1,94 1.68 0.20 0.45 0.02 
Efficiency (Control) 53 7.38 3.07 43 7.17 4.62 1,94 0.07 0.79 0.22 0.02 
Efficiency (Switch) 53 12.68 4.46 43 11.76 4.23 1,94 1.06 0.31 0.35 0.04 
Efficiency (Repeat) 53 10.00 3.86 43 9.00 2.94 1,94 1.96 0.17 0.51 0.06 
Efficiency (Overall) 53 10.95 3.83 43 9.72 2.79 1,94 3.10 0.08 0.84 0.07 
Local RT switch cost 53 218.05 160.48 43 218.74 143.75 1,94 0.00 0.98 0.22 0.00 
Local accuracy switch cost 53 -2.22 5.02 43 -1.92 4.27 1,94 0.10 0.76 0.23 0.00 
Local efficicency switch cost 53 2.68 2.41 43 2.76 1.84 1,94 0.03 0.87 0.22 0.00 
Global RT switch cost 53 327.13 238.94 43 294.10 228.11 1,94 0.47 0.49 0.27 0.00 
Global accuracy switch cost 53 -3.40 4.99 43 -2.21 6.47 1,94 1.03 0.31 0.34 0.00 
Global efficiency switch cost 53 3.57 3.18 43 2.55 4.65 1,94 1.62 0.21 0.44 0.00 
RT mixing cost 53 212.57 203.47 43 176.65 212.61 1,94 0.71 0.40 0.30 0.01 
Accuracy mixing cost 53 -2.92 7.00 43 -1.75 8.16 1,94 0.58 0.45 0.28 0.00 
Efficiency mixing cost 53 2.61 3.15 43 1.83 3.68 1,94 1.28 0.26 0.38 0.00 
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Appendix P  

Study 4 language switching ANOVA results 

  ML BL       
  

Language Switching Measure n Mean SD n  Mean SD df F p BF10 η2 

Control trial accuracy 57 95.57 7.42 53 87.985 11.198 1,108 17.77 < .001 0.003 0.141 

Control trial RT 57 1161.64 223.76 53 1464.248 296.465 1,108 36.83 < .001 < .001 0.254 

Control trial efficiency 57 12.37 3.54 53 17.069 4.769 1,108 34.76 < .001 < .001 0.243 
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Appendix Q 

Study 4 language and colour shape switch cost correlations 
  

Colour shape switch costs 

Language switch 
costs 

 
Local RT  Local 

accuracy 
Local 

efficiency 
Global RT Global 

accuracy 
Global 

efficiency 
RT mixing Accuracy 

mixing 
Efficiency 

mixing 
Local RT  r 0.073 -0.018 0.045 .273* 0.029 .269* .276* 0.02 0.238 

p 0.574 0.888 0.726 0.032 0.822 0.035 0.03 0.876 0.062 

N 62 62 62 62 62 62 62 62 62 

Local accuracy r -0.153 -0.017 -0.15 0.124 0.071 0.245 0.195 0.082 0.139 

p 0.235 0.894 0.244 0.336 0.584 0.055 0.13 0.528 0.281 

N 62 62 62 62 62 62 62 62 62 

Local efficiency r 0.019 -0.037 0.031 -0.084 0.046 -0.135 -0.106 0.037 -0.061 

p 0.885 0.778 0.813 0.516 0.722 0.295 0.412 0.773 0.635 

N 62 62 62 62 62 62 62 62 62 

Global RT r .285* 0.086 0.207 -0.09 0.047 -0.231 -0.196 0.031 -0.198 

p 0.025 0.506 0.107 0.488 0.717 0.071 0.128 0.81 0.123 

N 62 62 62 62 62 62 62 62 62 

Global accuracy r -0.036 0.042 -0.098 0.105 0.099 0.048 0.116 0.088 0.11 

p 0.783 0.745 0.447 0.416 0.443 0.713 0.371 0.497 0.395 

N 62 62 62 62 62 62 62 62 62 

Global efficiency r .294* 0.033 0.246 -0.035 -0.244 -0.079 -0.13 -0.241 -0.1 

p 0.02 0.799 0.054 0.785 0.056 0.543 0.312 0.059 0.439 

N 62 62 62 62 62 62 62 62 62 

RT mixing r 0.222 0.094 0.163 -0.205 0.031 -.329** -.302* 0.019 -.284* 

p 0.083 0.468 0.206 0.11 0.808 0.009 0.017 0.881 0.025 
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Colour shape switch costs 

Language switch 
costs 

 
Local RT  Local 

accuracy 
Local 

efficiency 
Global RT Global 

accuracy 
Global 

efficiency 
RT mixing Accuracy 

mixing 
Efficiency 

mixing 
N 62 62 62 62 62 62 62 62 62 

Accuracy mixing r 0.04 0.044 -0.015 0.034 0.049 -0.068 0.011 0.034 0.031 

p 0.759 0.731 0.911 0.796 0.708 0.601 0.935 0.792 0.809 

N 62 62 62 62 62 62 62 62 62 

Efficiency mixing r 0.166 0.051 0.128 0.054 -0.134 0.052 0.011 -0.13 -0.004 

p 0.197 0.697 0.321 0.678 0.298 0.686 0.933 0.313 0.975 

N 62 62 62 62 62 62 62 62 62 

* Correlation is significant at the 0.05 level (2-tailed). 

** Correlation is significant at the 0.01 level (2-tailed). 
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Appendix R  

Study 4 Regression 

CS Local RT Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval 
for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.085 -0.01 
(Constant) -43.771 198.118 

 
-0.221 0.826 -440.348 352.806 

  

Age 3.169 4.479 0.097 0.707 0.482 -5.796 12.133 
  

SES 21.51 16.364 0.182 1.314 0.194 -11.246 54.266 
  

L2_AoA 1.89 3.799 0.071 0.497 0.621 -5.715 9.495 
  

L2_Ability 35.686 26.745 0.211 1.334 0.187 -17.851 89.223 
  

L2_Use -0.741 1.092 -0.109 -0.678 0.5 -2.927 1.446 
  

Lang_Switch -20.537 15.378 -0.183 -1.335 0.187 -51.32 10.246 
  

          

CS Global RT Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval 
for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.085 -0.009 
(Constant) 259.188 322.65 

 
0.803 0.425 -386.666 905.042 

  

Age 4.259 7.294 0.08 0.584 0.562 -10.341 18.859 
  

SES 6.95 26.65 0.036 0.261 0.795 -46.395 60.296 
  

L2_AoA -9.364 6.187 -0.215 -1.513 0.136 -21.749 3.021 
  

L2_Ability 20.303 43.557 0.074 0.466 0.643 -66.886 107.491 
  

L2_Use -3.094 1.779 -0.28 -1.739 0.087 -6.655 0.467 
  

Lang_Switch -1.705 25.045 -0.009 -0.068 0.946 -51.837 48.428 
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CS Mixing RT Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval 
for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.092 -0.002 
(Constant) 265.801 301.468 

 
0.882 0.382 -337.653 869.255 

  

Age 2.408 6.815 0.048 0.353 0.725 -11.234 16.049 
  

SES -4.265 24.9 -0.024 -0.171 0.865 -54.108 45.578 
  

L2_AoA -9.852 5.781 -0.241 -1.704 0.094 -21.424 1.72 
  

L2_Ability 5.09 40.697 0.02 0.125 0.901 -76.375 86.554 
  

L2_Use -2.623 1.662 -0.253 -1.578 0.12 -5.95 0.705 
  

Lang_Switch 6.581 23.401 0.038 0.281 0.78 -40.26 53.422 
  

 
  

        

          

          

LS Local RT Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval 
for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.083 -0.012 
(Constant) -144.051 193.018 

 
-0.746 0.458 -530.418 242.316 

  

Age -3.911 4.363 -0.123 -0.896 0.374 -12.645 4.823 
  

SES 25.448 15.943 0.222 1.596 0.116 -6.465 57.36 
  

L2_AoA -1.233 3.701 -0.047 -0.333 0.74 -8.642 6.176 
  

L2_Ability 35.154 26.057 0.214 1.349 0.183 -17.004 87.312 
  

L2_Use -1.536 1.064 -0.233 -1.443 0.154 -3.666 0.594 
  

Lang_Switch 1.877 14.982 0.017 0.125 0.901 -28.114 31.867 
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LS Global RT Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval 
for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.156 0.069 
(Constant) -15.595 203.466 

 
-0.077 0.939 -422.876 391.685 

  

Age -1.899 4.599 -0.054 -0.413 0.681 -11.106 7.308 
  

SES -8.216 16.806 -0.065 -0.489 0.627 -41.856 25.424 
  

L2_AoA 7.391 3.902 0.258 1.894 0.063 -0.419 15.201 
  

L2_Ability 10.203 27.467 0.056 0.371 0.712 -44.779 65.184 
  

L2_Use 2.291 1.122 0.316 2.042 0.046 0.045 4.536 
  

Lang_Switch -28.314 15.793 -0.236 -1.793 0.078 -59.928 3.3 
  

          

          

          

LS Mixing 
Cost 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 95.0% Confidence Interval 
for B 

R2 R2 adj. 

B Std. Error Beta 
  

Lower Bound Upper Bound 
 

Model 
       

0.171 0.085 
(Constant) 60.482 224.183 

 
0.27 0.788 -388.27 509.233 

  

Age 0.215 5.068 0.006 0.042 0.966 -9.93 10.359 
  

SES -23.761 18.517 -0.17 -1.283 0.205 -60.827 13.304 
  

L2_AoA 8.174 4.299 0.257 1.901 0.062 -0.432 16.779 
  

L2_Ability -9.139 30.264 -0.045 -0.302 0.764 -69.719 51.441 
  

L2_Use 3.181 1.236 0.395 2.574 0.013 0.707 5.655 
  

Lang_Switch -28.496 17.402 -0.214 -1.638 0.107 -63.329 6.337 
  

 


