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Chapter 2  

Theoretical background 

2.1. Bilingualism and executive control: evidence and counter-evidence for a ‘bilingual 

advantage’ 

This background section does not aim to give a complete overview of all the studies 

carried out in the field of bilingualism and executive control. For one thing, in the past few 

years the number of studies published in this field has been increasing so rapidly that this 

would be an almost impossible task. Extensive reviews or meta-analyses are for instance 

given by Costa, Hernández, Costa-Faidella and Sebastián-Gallés (2009), Adesope, Lavin, 

Thompson and Ungerleider (2010), Hilchey and Klein (2011), Bialystok, Craik and Luk 

(2012), Kroll and Bialystok (2013), Paap (2014), Costa and Sebastián-Gallés (2014) and 

Valian (2015). Wherever necessary, the readers are referred to these overviews. What we 

aim to do here instead is to give a brief historical overview of the research in this field, in 

the first place to make it clear why we decided to set up the study we are reporting on in this 

dissertation. Secondly, we want to put this study in the context of related research, to show 

both its contributions to the field and its inevitable limitations. 

We start this chapter with a section in which we define our perspective on the concept of 

bilingualism. Next, we give a working definition of the concept of executive control. This is 

followed by a brief description of the executive control tasks that were most commonly 

used in the studies that we describe: the Simon task, the Stroop task, the Wisconsin card-

sorting test, the ANT task, the Flanker task and the task switching test. For other tests, we 

refer to the task-descriptions given in the papers. 
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2.1.1.Bilingualism 

In the Netherlands, in common speech, being bilingual is a qualification generally 

conferred to people who were raised from birth either by parents who each spoke their own, 

native language to them, or by parents who spoke the same language to their offspring, but 

a language that was different from the language(s) spoken in the environment. The fact that 

there may be differences for these ‘simultaneous bilinguals’ in for instance the frequency of 

use or the context in which these languages were spoken, or that one of these languages 

may not be used for a considerable amount of time, does not seem to affect their status as 

‘bilinguals’. Accordingly, anyone who was not raised with two languages, no matter how 

many foreign languages he or she acquired (either at school or in a natural context) in the 

course of their lives, would be classified as monolingual. In other countries, such as the UK, 

where monolingualism is more or less the norm, ‘bilingual’ can also refer to someone who 

acquired his or her second language (L2) after emigration to that country. Although these 

views (see for these “myths” about bilingualism e.g. Grosjean, 2010) are by no means 

shared by linguists, many of particularly the earlier studies on bilingual advantages in 

cognitive functioning are very cursory about participants’ bilingual status and mention few 

details about their language background. The perspective that we take on bilingualism is 

that it is not a binary distinction, but that the concept should be seen as a scale on which 

people may differ in multiple aspects, such as the number of languages a person is 

proficient in, the level of proficiency (both active and passive) and the amount of use of 

these languages, the context in which these languages are used, and so on. 
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2.1.2. Executive control 

Executive control (alternatively called executive functioning, or cognitive control) is a 

term generally taken to refer to a number of high-level cognitive functions that primarily 

serve to “manage, integrate, regulate, coordinate, or supervise other cognitive processes, 

such as attention and visual perception” (Valian, 2015). There seems to be general 

agreement that as such, they are of great importance to human adaptive behaviour, as 

illustrated by this definition by Jurado and Rosselli (2007): 

In a constantly changing environment, executive abilities allow us to shift our mind set 

quickly and adapt to diverse situations while at the same time inhibiting inappropriate 

behaviours. They enable us to create a plan, initiate its execution, and persevere on the task 

at hand until its completion. Executive functions mediate the ability to organize our 

thoughts in a goal-directed way (p. 233).  

However, the term covers a wide range of cognitive abilities and processes, and there is 

no agreement on the number and nature of its main components. One of the main issues in 

the debate is whether there is one basic ability that explains all the components of executive 

functioning (which is called the theory of unity), or if all these components refer to related, 

but separate processes (the theory of non-unity; see Jurado & Rosselli, 2007). For a working 

definition, in this dissertation I rely on a latent variable analysis by Miyake et al. (2000), 

who defined exexcutive control as a set of three ‘separable, but but moderately correlated 

constructs’ (p. 87), i.e. set shifting, inhibition and updating of working memory. 

 

2.1.3. Overview of the executive control tasks most commonly used in bilingual research 
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The anti-saccade task (Hallett, 1978) 

A computerized experiment, in which participants have to resist the impulse to look at a 

target that appears suddenly to the left or right of their focal point, and instead turn their 

gaze in the opposite direction. 

 

The Simon task (Simon & Wolf, 1963). 

Usually a non-linguistic task, in which participants have to press a button indicating the 

color of a target appearing on the computer screen. The position of the target is irrelevant, 

but can vary from the centre of the screen, spatially congruent or spatially incongruent with 

the target. The difference in response time between the congruent and incongruent trials is 

referred to as the Simon-effect.  

 

The Stroop task (Stroop, 1935)  

Usually a verbal task, in which participants are presented with color words written in an 

ink colour that either matches the color word or not. Participants are required to name the 

colour instead of the word. The difference in RTs between a trial where the ink colour 

matches the colour word and one where the two do not match is referred to as the Stroop 

effect.  

 

The Wisconsin card-sorting test (Berg, 1948) 
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Participants are presented with a number of cards which they have to match. They are 

not informed about the rules for matching, but receive feedback whether the matching is 

done correctly or not. The rules for matching change all the time, so that participants have 

to adapt to the new rules continuously. 

 

The flanker task (Eriksen & Eriksen, 1978) 

Participants are presented on a computer screen with a set of arrows, in which the target 

arrow is either flanked by arrows pointing in the same (congruent trials) or in the opposite 

direction (incongruent trials). The difference in reaction times  between incongruent and 

congruent trials is referred to as the flanker effect. 

Sometimes this task is extended with a go/no-go element: when the target arrow is 

flanked by congruent arrows participants have to press a key, corresponding to the direction 

of the arrows, but when it is flanked by incongruent arrows, no key should be pressed. 

 

The ANT(Attentional Network) task (Fan, McCandliss, Sommer, Raz, & Posner, 2002) 

This test is a combination of a cued reaction time task and a flanker-task. It is mostly 

used to test three attentional networks: alerting, orienting, and executive control. The 

efficiency of the alerting network is examined by measuring the changes occurring in 

reaction times as a result of the occurrence of a warning signal. The efficiency of orienting 

is examined by changes in reaction times following the appearance of cues indicating where 

the target will occur. The efficiency of the executive network is examined by asking 
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participants to respond by pressing two keys indicating the direction (left or right) of a 

central arrow surrounded by congruent, incongruent or neutral flankers. 

 

The task-switching test (Jersild, 1927) 

Usually a non-linguistic task, in which participants have to press a button indicating 

either the color or the shape of a target appearing on the computer screen. In alternating run 

paradigms, the criterions color and shape alternate according to a standardized pattern, 

while in cued paradigms a cue appearing slightly before the target indicates whether to 

indicate the color or the shape of the object. 

 

2.1.4. Bilingualism and executive control in children 

Because the initial concerns about negative effects of bilingualism centred mainly on 

children, children also became the primary objects of bilingual research. Bialystok (1988) 

discovered that bilingual children performed better than monolingual children in 

metalinguistic tasks requiring controlled attention and inhibition, i.e. tasks in which they 

had to judge grammaticality, while ignoring misleading distraction from meaning. These 

findings led to a number of studies on the question whether such a bilingual advantage 

would extend to nonverbal domains as well. For instance, Bialystok (1999) and Bialystok 

and Martin (2004) found a bilingual advantage for young children in the dimensional 

change card-sorting task, and such an advantage was also reported in the Simon task 

(Bialystok, Martin & Viswanathan, 2005). From this evidence, it was concluded that 

bilingual children are better at, or at least, are able at an earlier age than monolinguals to 
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handle tasks that require the management of misleading information or conflicting or 

attentional demands (cf. Bialystok, 2001; 2009), and that this advantage might be a result of 

the experience bilinguals have in inhibiting the interference of the non-target language, 

which remains active during processing of the target language. Apparently, this constant 

training of inhibitory control extended to non-linguistic domains as well, giving bilingual 

children an advantage in cognitive tasks tapping into at least one aspect of the concept 

commonly defined as executive (or cognitive) control (see Miyake, Friedman et al., 2000). 

Bialystok’s  experiments were taken up and extended by other researchers; sometimes 

evidence for a bilingual advantage was confirmed. For instance, Carlson and Meltzoff 

(2008) carried out an experiment involving 50 children in kindergarten, in which they 

controlled for age, verbal scores and parental education and income level and found a 

bilingual advantage in conflict resolution, measured by a variable reflecting a composite 

score of 9 executive functions tests. Poarch and Van Hell (2012) compared children who 

were bilingual or trilingual from birth with  monolingual second language learners and 

monolingual controls of the same age, in a Simon task and an attentional network (ANT) 

task. They report a significant advantage for the multilingual groups in the Simon task over 

the monolinguals; monolingual L2 learners did not differ significantly from any of the other 

groups. In the ANT task, the bilinguals and trilinguals had a significantly lower conflict 

effect than monolingual L2 learners and also a significantly higher orienting effect, 

indicating that they benefited more from the orienting cue. In this study, there were no 

monolingual controls. A bilingual advantage in interference suppression was also reported 

by Esposito, Baker-Ward and Mueller (2013) in an experiment involving  pre-school 

children executing the Bivalent Shape Task, used as an alternative to the Stroop task. 

However, Duñabeitia et al. (2014), found no differences in performance on a verbal and a 
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numerical Stroop task between monolingual and bilingual children in Basque country, in 

spite of controlling for skills such as arithmetic, reading, IQ, besides SES. Likewise, in a 

large-scale experiment comparing Welsh-English simultaneous and early sequential 

bilinguals with English monolinguals from early childhood through adulthood, Gathercole 

et al. (2014) found no bilingual advantage on any test, in none of the age-groups. Stevenson 

et al. (2015) compared 185 young Dutch monolingual children to 323 Dutch children of the 

same age (MA=9.5) who had received English instruction for at least 90 minutes a week 

from Kindergarten onwards on a Wisconsin cardsorting test, a Flanker task, a go/no-go task 

and a taskswitching test, and found no group differences in performance on any of the tasks. 

 

2.1.5. Bilingualism and executive control in adults: inhibition and controlled attention 

The study by Gathercole et al. (2014) already shows that research on potential bilingual 

effects on nonverbal cognitive functioning had meanwhile been extended to adults. One of 

the first, a study by Bialystok, Craik, Klein and Viswanathan (2004) compared performance 

on three experiments involving middle-aged (mean age=40) and elderly (mean age=71) 

monolingual and bilingual  groups who performed the Simon task. The bilinguals, apart 

from being more efficient on both congruent and incongruent trials than the monolinguals, 

showed a reduced Simon effect, and older bilinguals also produced a smaller age-related 

increase in the Simon effect than monolinguals. Moreover, bilinguals responded more 

rapidly to conditions that placed high demands on working memory capacity, which implies 

that the positive effects of bilingualism are not restricted to inhibitory control, but that 

bilingualism may attenuate negative age-related effects on ‘executive control functions 

generally’ (Bialystok et al., 2004, p. 301). However, the results of these experiments were 
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never replicated, which raises the question whether the test that was used here (which 

yielded uncommonly large Simon effects, esp. for the elderly groups) was valid. Still, a 

bilingual advantage was reported in a number of other experiments as well. Bialystok and 

her group (Bialystok, Craik & Ryan, 2006) also carried out experiments involving the anti-

saccade task. In the first experiment, in which eye-movements were measured, there were 

no effects of ageing or bilingualism. However, in the second experiment the participants’ 

reactions were measured by means of key presses, that is, for anti-saccadic items 

participants had to press the key opposite to the side of their focal point where the item was 

presented; now, bilinguals responded faster than monolinguals, and this advantage 

increased with age. The unexpected differences between these findings suggest that the 

bilingual advantage might only ‘manifest itself later on in processing […], in responses that 

take longer to develop’, and that the key press paradigm involves ‘some degree of symbolic 

mapping between the stimulus complex and the appropriate response’ and that lifelong 

bilingualism might ‘facilitate this translation process’ (Bialystok et al., 2006, p. 1352). 

Colzato and colleagues (2008) tested groups of young bilingual and monolingual adults on 

three tasks (stop signal, inhibition of return, and attentional blink) that tapped into different 

aspects of inhibitory control, and reported that bilinguals do not differ from monolinguals in 

active inhibition, but have acquired a better ability to ‘select goal-relevant information from 

competing, goal-irrelevant information’ (p. 310). Costa, Hernández and Sebastián-Gallés 

(2008) tested groups of young bilingual and monolingual adults in the attentional network 

(ANT) task. Interestingly, they found that bilinguals not only showed a smaller interference 

effect (the difference in RTs between congruent and incongruent trials), but also that they 

were faster than in both congruent and incongruent trials, and that they showed lower 

switching costs (the difference between a trial that is preceded by a similar trial, e.g. a 
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congruent trial preceded by another congruent one, and a trial preceded by a different type 

of trial, e.g. a congruent trial preceded by an incongruent one). This evidence suggests that 

bilingualism might impact on several  cognitive processes, particularly conflict resolution 

and monitoring processes. Next, Costa et al. (2009) and Hilchey and Klein (2011) presented 

overviews of studies comparing bilingual and monolingual performance in attentional 

control tasks. Both overviews showed that a bilingual advantage was not found consistently, 

and appeared to be strongly task-induced. In  the first place, an advantage in conflict 

resolution, reflected in a reduced interference effect, was relatively rare. Bilinguals and 

monolinguals often performed similarly on attentional control tasks, and if a bilingual 

advantage was reported at all, it was most often reflected in faster reaction times on both 

congruent and incongruent trials. Several suggestions were made to define the mechanism 

underlying the bilingual cognitive advantage, which was sometimes reported. Costa and 

colleagues  had observed that a bilingual advantage was most likely to occur in tasks 

including a high number of switch trials, so that participants continually have to adjust to 

the demand required by the new trial. They therefore  proposed that the bilingual advantage 

reflected an interplay of monitoring processes that bilinguals use to select the language of 

communication, and conflict resolution processes. Likewise, Hilchey and Klein (2011) 

proposed the ‘bilingual executive processing advantage’ hypothesis, in which the 

mechanism underlying the bilingual cognitive advantage is defined as a ‘more global 

conflict-monitoring system (…) that improves in efficiency owing to the need to monitor 

linguistic representations competing for selection’ (p. 655). Bialystok, Craik and Luk 

(2012) agreed that the bilingual cognitive advantage probably reflects the interaction of 

several executive control functions that are engaged in bilingual language processing. They 

suggest that the more effortful these processes – e.g. monitoring the two languages, 
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monitoring context, speaker and environmental cues, and suppressing the non-target 

language – become, the more likely the chance that a bilingual advantage will appear in a 

non-linguistic cognitive task. In turn, the effects of these processes would be most likely to 

come out in cognitive tasks that closely resemble bilingual language use, for instance, those 

based on a task-switching paradigm (Bialystok, Craik & Luk, 2012, p. 246). 

 

2.1.6. Executive control: the task-switching paradigm 

In line with these findings and recommendations, in the past few years a number of 

studies have been conducted in bilingual research that involved the task-switching 

paradigm. Most of these studies use a cued task-switching design, because here participants 

have to switch randomly between deciding on either of these criteria, in response to a cue. 

This distinguishes this design from the alternating runs paradigm (e.g. AABBAABB), 

where monitoring requirements are the same for repetition and switch trials. Thus, cued task 

switching taps not only into the ability to shift between mental sets, but also into 

participants’ monitoring abilities, and into the interaction of these executive control 

processes. One of the seminal task-switching studies on bilinguals is an experiment by Prior 

and MacWhinney (2010), based on a design by Rubin and Meiran (2005). They found that a 

group of bilingual young adults incurred lower switching costs than monolinguals in a cued 

task-switching test, which was interpreted by the authors as reflecting increased flexibility 

in shifting between mental sets, and in increased resistance to proactive interference. 

However, they did not find a difference between the groups in the size of the mixing costs, 

which seems to contradict other studies (e.g. Costa et al., 2008) that report bilingual 

advantages in monitoring abilities. Gold, Kim, Johnson et al. (2013) for instance also found 
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a bilingual advantage in an (alternating runs) task switching paradigm, but studies by Paap 

and Greenberg (2013), Moradzadeh et al. (2014), Mor, Yitzhaki-Amsalem and Prior (2014), 

Paap and Sawi (2014), Paap, Johnson and Sawi (2014), and Paap, Johnson, Wagner, and 

Eusebio (under review) all report null-results. Hernández, Martin, Barceló and Costa (2013) 

do not report group differences in switching costs, but the bilinguals were faster in overall 

reaction times, while Garbin et al. (2010) only report a bilingual advantage in accuracy. So 

again, experiments yield mixed findings, despite high similarity between task designs. 

Therefore, a number of studies that were conducted try to account for this inconsistency 

across studies.  

 

2.1.7. Variables that may affect task performance: language dominance 

As we have shown in the introduction, evidence is reported for a bilingual advantage 

when on specific tasks a positive difference is found between bilinguals and a group of 

matched monolinguals. The problem is that it is difficult to get a full list of all the aspects in 

which matching may be needed. Some studies try to control for a number of variables that 

might affect task performance. Most of these variables relate to the bilingual participants’ 

language background, for which details are usually collected by means of a questionnaire. 

An increasing number of studies now take into account the role of language dominance and 

language balance (for the importance of these concepts, cf. Treffers-Daller & Korybski, 

2015), the implication being that bilinguals who are more balanced in the amount of use of 

their languages would have more experience in language switching. Recently, some studies 

found that indeed the reported amount of language switching was positively related to 

performance on executive control tasks. For instance, in a study by Prior and Gollan (2011) 
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Spanish-English and Mandarin-English bilinguals reported the amount of switching on a 5-

points Likert-scale, and the Spanish-English bilinguals, who reportedly switched 

significantly more than the other group, incurred significantly lower switching costs in a 

nonverbal task-switching test than the other bilingual group and a group of monolingual 

controls. Soveri, Rodriguez-Fornells and Laine (2011) assessed the frequency of language 

switches in everyday life in a group of 38 30-75 year old Finnish-Swedish bilinguals by 

means of a questionnaire, and found that higher switching frequency was related to smaller 

mixing costs in errors. Verreyt, Woumans, Vandelanotte, Szmalec and Duyck (2015) report 

that a group of balanced switching bilinguals outperformed groups of unbalanced bilinguals 

and of balanced unswitching bilinguals in an experiment involving a flanker and a Simon 

task. However, the validity of this experiment is doubtful, because assessing the amount of 

code-switching by means of self-report is notoriously unreliable (see: deWaele & Li, 2014; 

Bourhis & Genesee, 1980). The observation that variables relating to the use of a bilingual’s 

languages, such as the reported amount of switching, the degree of balance in language use 

or other aspects of the bilingual experience, would be crucial for a potential bilingual 

enhancement of cognitive control, leads to the question whether it is essential here for a 

bilingual to have full, native-like proficiency in his/her L2.  

 

2.1.8. Variables that may affect task performance: age of acquisition 

Related to the issue of language dominance, there is the question whether for the 

presence of bilingual advantage it is also essential that this bilingual has acquired the L2 

before a certain age. So far, only a limited number of studies have looked into the effect of 

the age of onset of bilingualism on the efficiency of executive control. Luk, De Sa and 
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Bialystok (2011) report that a group of early bilinguals of ca. 20 years old outperformed 

their late bilingual and monolingual counterparts on a flanker task, with no difference 

between monolinguals and late bilinguals. Early bilinguals had become actively bilingual 

before, and late bilinguals after age 10. Because of the age of the participants involved in 

this study, the factors age of onset vs duration of bilingualism could not be disentangled. 

However, a correlation analysis conducted over the entire sample also showed that earlier 

and continuing bilingualism correlated positively with performance on the task, without any 

indication for a critical period. Tao et al. (2011) conducted a study in which monolingual 

English and early (<6) and late (≥ 12) bilingual Chinese-English young adults conducted an 

attentional network task. Both bilingual groups outperformed the monolinguals, with the 

late bilinguals showing the greatest advantage in conflict resolution and the early bilinguals 

also showing enhanced overall reaction times. The authors suggest that the age of onset of 

bilingualism impacts particularly on the efficiency of monitoring abilities. Because the late 

bilinguals were on average more balanced in the use of their two languages than the early 

bilinguals, the authors suggest that  the degree of language balance may be a factor 

affecting the efficiency of conflict resolution abilities. Lastly, Pelham and Abrams (2014) 

conducted a similar study, involving monolingual English, and early (before 7) and late 

(after 13) Spanish-English bilingual college students. Here as well, both bilingual groups 

significantly outperformed the monolingual group, confirming the suggestion that the 

starting age of proficiency in an L2 may not be a decisive factor for the presence of a 

bilingual advantage. 
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2.1.9. Variables that may affect task performance: typological relatedness of L1 and L2 

Another variable that might affect task performance is the cognateness of the languages 

involved. So far, potential effects induced by this variable have received little attention. 

Many studies report on experiments involving participants who are bilingual in a large 

number of different language-pairs (e.g. Luo, Luk & Bialystok, 2010; Prior & MacWhinney  

2010; Paap & Greenberg, 2013). Other experiments only involve participants that are 

bilingual in the same languages (e.g. Hernandez, Martin, Barcelo & Costa, 2013; Verreyt, 

Woumans, Vandelanotte, Szmalec & Duyck, 2015). Only one study (Prior & Gollan, 2011) 

reports on an experiment that compares two groups that are bilingual in either two vastly 

different (Mandarin-English) or highly cognate (Spanish-English) language pairs. The 

Spanish bilingual group appears to incur significantly lower switching costs than the 

Mandarin-English group, who do not differ from the monolingual controls, but the authors 

attribute this difference in the efficiency of executive control  functions to the difference 

between the groups in the amount of language  switching, which according to self-report 

was higher for the Spanish-English than for the Mandarin –English group. Still, it might be 

more difficult for bilinguals to keep their languages apart when these languages are rather 

similar, resulting in a stronger boost of certain executive control functions. 

 

2.2 Bilingualism and aging 

Recently, older adults, in particular above age 65, have become a special focus in the 

literature on the bilingual cognitive advantage. The research involving this age-group can 

be divided into two categories.  
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2.2.1. Experimental studies 

First, just as for younger age groups, a number of experimental studies were conducted 

in which bilingual elderly were compared with their monolingual counterparts. Contrary to 

what is often claimed, these studies are relatively rare, at least  compared to the load of 

studies that was published involving younger age-groups, which should probably be 

explained by the fact that experiments involving elderly participants can be quite complex. 

Still, since older adults usually show a decline in the efficiency of executive control (see 

e.g. Craik & Salthouse, 2008), differences between language groups should be more easily 

visible and ceiling effects less likely to occur than in younger age-groups. Another reason 

why we should expect more bilingual effects in older adults is given by Valian (2015), who 

proposes that the scarcity of stimulating cognitive activities for older adults could make 

effects of bilingualism better visible.  

It is true that a number of experimental studies report evidence for a bilingual advantage 

in older adults. In the first of these experiments, using a Simon task, Bialystok et al. (2004) 

report that the factor bilingualism significantly attenuated the age-related increase in the 

size of the Simon effect, but both the response times and the effects that they found were 

unusually large and have not been replicated. Similarly, Bialystok, Craik and Ryan (2006) 

report a bilingual advantage in an antisaccade task, i.e. in all conditions except the control 

condition. Finally, in a Simon arrows-task, Bialystok, Craik and Luk (2008) find a 

reduction of the age-related increase of the Simon-effect in bilinguals, but in a go/no-go and 

in another version of the Simon task implemented in the same experiment, no interaction 

between age and language group was found, and no difference between the language 

groups. Soveri, Laine, Hämäläinen and Hugdahl (2011) conducted a phonological task, in 
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which participants had to report syllables they heard, and found that in the conditions in 

which participants had to direct their attention to either the right or the left-ear stimulus and 

inhibit information coming to the other ear the bilinguals performed better. Both Zied et al. 

(2004) and Bialystok et al. (2008) also report bilingual effects in Stroop tasks, but since this 

task involves inhibition of a linguistic cue, we doubt its reliability as an assessment tool for 

efficiency of nonlinguistic executive control. Gold et al. (2013) report on two alternating-

runs task-switching experiments in which they compared performance of groups of younger 

and older adult bilinguals and monolinguals. They found that older, but not younger 

bilinguals incurred lower switch costs than their monolinguals counterparts. This interaction 

between age and bilingualism suggests that bilingualism attenuates the age-related decline 

in executive control.  

However, neither Gathercole et al. (2014), using a Simon task and a card-sorting test, nor 

Kousaie and Philips (2012), using a Stroop interference test, found differences between 

elderly monolinguals and bilinguals, which makes evidence for a bilingual cognitive 

advantage in older adults and for interactions between aging and bilingualism inconclusive 

as well. 

 

2.2.2. Epidemiological studies 

The second group of studies comparing bilingual and monolingual elderly concerns 

epidemiological research into age of onset and rate of progress of dementia-related diseases. 

A study by Bialystok, Craik and Freedman (2007) was the first of a number of retrospective 

studies which found that groups of bilinguals were diagnosed with dementia significantly 

later than monolinguals. This study was replicated several times, with the majority of 
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studies reporting the same delay of a 4-7 years’ delay in the onset of symptoms for 

bilinguals (c.f. Chertkow, Whitehead, Phillips, Wolfson, Atheron & Bergman, 2010; Craik, 

Bialystok & Freedman, 2010; Bialystok, Craik, Binns, Ossher & Freedman, 2014; 

Woumans, Santen, Siebens, Versijpt, Stevens & Duyck, 2015; Bak, Nissan, Allerhand & 

Deary, 2014; for an overview, see Freedman et al., 2014). The first problem regarding the 

interpretation of these findings, however, is the possible effect of confounding variables. In 

particular immigration status is a factor that may play an important role, since many of the 

bilinguals involved in these studies had immigrant backgrounds (c.f. Fuller-Thomson & 

Kuh, 2014, for evidence on the healthy migrant effect). Some studies did not control for 

immigrant status (e.g. Chertkow et al., 2010), but other studies did (e.g. Craik et al., 2010), 

and a number of studies reportedly controlled for immigration status and a host of other 

confounding variables as well (Alladi et al. 2013; Bialystok et al. 2014; Woumans et al., 

2015). Mortimer (2014) pointed out that in the study by Alladi et al., the difference in the 

age of onset could also be caused by a difference in age distributions between the two 

language groups, an objection that might apply to other retrospective studies too.  This 

confirms that it  is hard to rule out the possibility that effects should at least partly be 

attributed to hidden differences between the different populations. In that respect, the study 

by Gollan, Salmon, Montoya & Galasko (2011) throws an interesting light on this issue, 

because they looked at the effect of degree of bilingualism on rate of cognitive decline, 

within a group of Spanish/English bilinguals, and found a significant correlation only 

within the group with a low educational level. In spite of a number of inconsistencies across 

these studies, however, the above evidence seems to point consistently at a delay in 

dementia symptoms of 4-7 years for bilinguals. 
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However, prospective studies that investigated this issue contradict the suggestion that 

bilingualism would be related to a delay in the onset age of dementia (Crane et al., 2009; 

Crane et al., 2010; Sanders et al., 2012; Yeung et al., 2014; Zahodne et al., 2014). The only 

exception is a study by Kavé, Eyal, Shorek and Cohen-Mansfield (2008). In a large group 

of Jewish/Israeli elderly (above age 75), they found that the number of languages spoken 

correlated significantly with performance on 3 subsequent cognitive tests performed in the 

course of 12 years, beyond all other demographic variables. However, it is doubtful whether 

this correlation between the number of languages spoken and cognitive performance in later 

life also implies that this cognitive advantage is a result of the language experience. The 

majority of prospective studies show no evidence for a bilingual effect on the onset age of 

dementia-related symptoms, which undermines the results from the retrospective studies. 

This may be explained by the fact that retrospective studies do not draw their data from a 

representative part of the population, but only from patients who visited a memory clinic, 

and neither the data from those who did not, or from individuals who never developed signs 

of Alzheimer (cf. Valian, 2015). We therefore propose that the studies presented do not 

provide conclusive evidence for an association of bilingualism with cognitive reserve, i.e. 

as a factor offering potential protection from dementia-related diseases. 

 

2.3. Bilingualism and linguistic functioning 

The majority of bilinguals who use both their languages on a daily basis seem to be 

fluent in both of them and also to switch between them with great ease. Still, on linguistic 

tasks bilinguals are often outperformed by monolinguals. In the first place, this is caused by 

the fact that although bilinguals may have a larger ‘overall vocabulary’ (that is, they know 
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more words in both languages together), they usually have smaller vocabularies in each 

language separately, especially children (c.f. Mahon & Crutchley, 2006). For adults, a 

smaller vocabulary size is not found consistently (cf. Portocarrero, Burright & Donovick, 

2007), which is not surprising when we consider that bilinguals differ in so many respects 

of language use and background. An observation that seems more fascinating is that even 

fluent adult bilinguals tend to show a disadvantage in lexical access compared to 

monolinguals (c.f. Kaushanskaya & Marian, 2007, but see Rosselli et al., 2000 for counter-

evidence). For instance, especially older bilinguals reportedly have more tip of the tongue 

experiences than monolinguals (cf. Gollan & Acenas, 2004). A main issue in bilingual 

research is whether such a disadvantage is (always) there, and if so, how it is caused. One of 

the most common explanations is that bilinguals experience interference from their other 

language, which affects their lexical access in terms of speed or accuracy (Hermans et al., 

1998; Costa et al., 2003). A second explanation for slower lexical access in bilinguals is that 

they use each of their languages less frequently, so that lexical items in each language 

separately are activated less often than in monolinguals (the ‘weaker-links account’). 

Finally, the third explanation proposes that bilinguals have smaller vocabularies in each of 

their languages, which reduces their selection of target words and thus slows down lexical 

retrieval. Sandoval, Gollan, Ferreira and Salmon (2010) mostly found indications for the 

interference-between-languages hypothesis, although not all of their results support this 

account. 

2.3.1. Lexical production tasks: verbal fluency tests 

In experimental settings, this disadvantage for bilinguals in lexical access is mainly 

visible in lexical production tasks, such as picture naming (see Ivanova & Costa, 2008) and 
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verbal fluency tasks, in which bilinguals are usually found to be slower than monolinguals 

(see Sandoval et al., 2010). Verbal fluency tasks are free-naming tasks asking for a timely 

response: participants are required to name as many words from a specific semantic 

category (semantic or category fluency) or words starting with a particular letter 

(phonological or letter fluency) within one minute. They have recently become popular 

tools in bilingual research, for several reasons. In the first place, the test involves the 

activation of large semantic networks. This would make it a valuable assessment tool for 

analyzing potential effects of between-language interference in bilinguals (Sandoval, 

Gollan, Ferreira & Salmon, 2010), language interference being one of the phenomena that 

could possibly explain the bilingual disadvantage in lexical access.  

Another characteristic of the verbal fluency test is that its components tap into different 

cognitive processes (Troyer, Moscovitch & Winocur, 1997, Roselli et al., 2000, Gollan et 

al., 2002). Because semantic fluency requires participants to name exclusively concrete 

nouns, their performance on this part depends largely on the internal organization of 

semantic knowledge (see Portocarrero, Burright & Donovick, 2007; Sauzéon et al., 2011). 

Phonological fluency puts other demands on participants: because words cannot be named 

related to their meaning (Perret, 1974), participants have to suppress the tendency to 

retrieve lexical items the same way as in natural speech. Besides, in phonological fluency 

lexical items from all word classes can be named. Consequently, this task component 

depends strongly on inhibitory processes and effortful search strategies, or, as argued by 

Filippetti and Allegri (2011), on executive control. However, it needs to be observed that all 

conditions of the verbal fluency test involve a semantic and a non-semantic component. For 

instance, in a study involving a verbal fluency test Sauzéon (2011) distinguished between 

non-semantic component, which included speed processing, strategic search processes, 
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working memory and executive functions,  and a semantic component. Because of a 

positive correlation between age and vocabulary knowledge, elderly participants in this 

experiment appeared to compensate for the age-related decline in task performance, but 

only on phonological fluency.  

Another example of how a task is dependent on both semantic and non-semantic 

processes is category switching. This is a subcomponent of semantic fluency, which 

requires  participants to switch between naming items from two different semantic 

categories. As such, it taps into the same cognitive processes as semantic fluency, but 

switching between two different categories imposes an extra demand on executive control 

functions, particularly mental flexibility or switching between mental sets, and working 

memory (Miyake et al., 2000). This switching condition was used in an experiment by 

Mayr and Kliegl (2000), who investigate whether age-related differences in semantic 

retrieval tasks are due to semantic processes or to other, task-specific, non-semantic 

processes.  They found that age-related differences were also present in the non-switch 

condition of semantic fluency, and not much higher in the switch condition (category 

switching). 

In summary, verbal fluency tasks are suitable for investigating whether and why 

bilinguals are at a disadvantage in lexical access compared to monolinguals, both because 

of the activation of large semantical networks and because the different conditions of the 

test enable a distinction between different processes involved in the task. There is a third 

reason which makes this test suitable for this purpose. In verbal fluency tests a number of 

qualitative analyses can be performed on the responses, which can give extra insight into 

the processes going on during word retrieval, such as clustering and switching. Some of 
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these analyses may enable a more detailed investigation of the mechanisms that are 

responsible for the differences between bilingual and monolingual verbal production. 

 

2.3.2. Qualitative, process-oriented approaches towards verbal fluency: analyses of 

clustering and switching.  

Semantic fluency for instance seems to involve a cycle of two returning processes: first, 

the choice of a subcategory within the particular category of the trial, followed  by the 

search for specific lexical items within that subcategory (c.f. Wixted & Rohrer,1994). When 

this subcategory is exhausted, the participants have to think of a new one and switch to 

searching for word items in this new subcategory. This implies that there are not only spurts 

of semantically related items but also cut-offs  between those spurts (Unsworth, Spillers & 

Brewer, 2011). These spurts of semantically related items, i.e. belonging to the same 

subcategory, were defined by Troyer et al. (1997) as semantic clusters. Phonological 

clusters were successive words beginning with the same two letters or sounds (e.g. ball, 

bar), different only by the vowel sound (e.g. bit, bat, but), words that rhymed (e.g. man, 

van) or words that were homonyms (e.g. some, sum). Troyer et al. counted the number and 

size of semantic clusters on semantic fluency, the number and size of phonological clusters 

on phonological fluency, and the mean cluster sizes for both conditions. The cut-offs 

between clusters of words, or between a cluster and a separate word, were called switches, 

and they were also counted, both for semantic and phonological fluency. Later research in 

this field was mainly based on Troyer et al’s work, with a few adaptations. For instance, 

Abwender et al. (2001) argued that switching between two word clusters might be different 

from switching between a cluster and one word, or between two separate words, and 
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therefore introduced the term ‘hard switches’ for the latter phenomenon, whereas switches 

between two clusters are referred to as ‘cluster switches’.  

The reason why examining the constructs of clustering and switching can be useful in 

the analysis of verbal fluency performance is that this approach deals not exclusively with 

the level of performance, but also with processes and strategies, either going on 

automatically or employed consciously by participants, in order to perform a certain task 

(c.f. Abwender et al., 2001). There is general agreement that in semantic fluency clustering 

is a more automatic process, mainly related to activation of subcategories and lexical 

storage. Switching in semantic fluency, on the other hand, is a more controlled process, as it 

includes the activation of words belonging to a different subcategory than the words that 

were mentioned previously. For phonological fluency, the process of clustering is a more 

controlled and strategic one than in semantic fluency, because in natural speech words are 

not activated within phonological categories. Switching within phonological fluency is also 

more related to cognitive flexibility and processing speed. 

Since we are interested in disentangling the possible reasons why bilinguals could be 

slower in lexical access than monolinguals, the verbal fluency test, and particularly a 

process-oriented approach, which looks at clustering and switching, may give us 

information about differences in lexical access between bilinguals and monolinguals.  

 

2.4. Research questions 

The above considerations led to the definition of the following research questions. First, 

we want to explore possible associations between bilingualism and general cognitive 

functioning, in particular the efficiency of executive control. Therefore, we will investigate 
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whether groups of adult speakers of typologically strongly related languages, Dutch and 

Frisian, who became proficient in these languages before age 6, differ from matched groups 

of monolingual speakers of German, in performance on a cued task-switching test. This 

question is dealt with in chapter 4 of this dissertation. 

Second, we want to explore whether any differences that we may find between adult 

early bilinguals and monolinguals in general cognitive functioning extend to bilinguals who 

gained proficiency at a later age, as well. Therefore, we will investigate whether groups of 

adult speakers of Dutch and German who became proficient in their L2 after age 18 differ 

from  groups of early bilinguals and monolingual controls in performance on a cued task-

switching test. This question is dealt with in chapter 5 of this dissertation. 

Third, we want to explore whether there is an association between bilingualism and 

verbal cognitive functioning. Therefore, we will investigate whether groups of adult 

speakers of two typologically strongly related languages, Dutch and Frisian, differ from 

matched groups of monolingual speakers of German, in performance on a verbal fluency 

test. This question is dealt with in chapter 6 of this dissertation. 

Fourth, we want to explore whether and to what extent cognitive functioning changes in 

the course of the life-span, in particular for elderly speakers. We will therefore investigate 

whether there are any interactions between bilingualism and aging for groups of adult 

speakers of Dutch and Frisian and matched groups of monolingual speakers of German, in 

performance on the cued task-switching test and the verbal fluency test. This question is 

dealt with in chapters 4, 5 and 6. 

Last, we want to explore the hypothesis that bilinguals’ conflict between competing 

language systems could simultaneously result in disadvantages in lexical access and in a 
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boost of executive control functions. Therefore, within the group of early bilinguals we will 

analyse interactions between the results of the verbal and nonverbal tasks. This question is 

dealt with in chapter 3 of this dissertation. 

 

2.5 Choice of participant groups.  

From the above, we can conclude that for our experiment we needed speakers with three 

different language backgrounds, namely a group of early bilinguals, a group of late 

bilinguals, and a control group of monolinguals. In the original (factorial) design of the 

experiment, we further subdivided each of these speaker groups into two age groups 

(middle-aged, 35-56 years old and elderly, 65-85 years old), with equal numbers of 

participants in each group. We will next describe the composition of these six groups in 

more detail. 

 

2.5.1. Early bilinguals 

The early bilingual group was composed of 52 speakers of Dutch and Frisian, with 26 

participants categorized as middle-aged (mean age 46.1, SD 5.7), and 26 as elderly (mean 

age 73.2, SD 6.2). Of the middle-aged speakers, 10 participants were male, and 16 female; 

of the elderly speakers, 13 participants were male and 13 female. All the early bilingual 

participants were fluent in both Frisian and Dutch, had acquired both languages before the 

age of seven and used them on a daily basis ever since. Frisian is a minority language 

spoken in Friesland, a northern province of the Netherlands, and is highly related to Dutch, 

German and English. Knowledge of additional languages, learned after age 12, was logged 
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but not taken into account as an additional variable, because we did not test proficiency in 

these languages, and did not want to rely on self-reported proficiency. 

In the analyses of the general cognitive test, the data of two early bilingual participants had 

to be discarded, because of physical disabilities of the participants involved. Therefore, in 

chapters 4 and 5 we only included the results of 50 early bilingual speakers.  

 

2.5.2. Late bilinguals 

In our original design, the late bilingual group comprised 50 late speakers of German and 

Dutch; 25 being middle-aged (mean age 48.1, SD 5.6), and 25 elderly (mean age 72.4, SD 

3.2). Of the middle-aged group, 4 participants were male, and 21 female; of the elderly 

group, 

7 participants were male and 18 female. As described in chapter 5, when comparing the 

early bilinguals and monolinguals we replaced the factorial design with age as a group 

factor by a design that treats age as a continuous variable. This was motivated by the 

intention to include working memory capacity as a fixed (continuous) factor in the analysis. 

As age and working memory capacity are known to be highly correlated (c.f. Park, 

Lautenschlager, et al., 2002; Park & Payer, 2006) and as the effect of neither is necessarily 

linear, a non-factorial (regression) analysis is statistically morepowerful (Baayen, 2010). As 

a result of this choice, we were able to further include a group of 15 late bilinguals who had 

been tested earlier but whose data could not be included if the factor age was to be matched 

across groups. The mean age of this additional group was 63.5 (SD 2.2). This implies that 

taken together, we included 65 late bilinguals, with a mean age of 61 (SD 11.5). Note that 
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the type of analysis that we employed (i.e., Linear Mixed Effect Models) is not affected by 

unequal group sizes. Of this late bilingual group, 54 participants were late German-Dutch 

bilinguals who had acquired Dutch in a natural setting, between ages 21 and 49. The 

remaining 11 late bilinguals had a Dutch language background, and had moved to Germany 

between ages 22 and 66.  

 

2.5.3. Monolinguals 

The monolingual group was composed of 50 speakers of German, living in the northwestern 

part of Germany, and 2 speakers of English, living in the UK. Of this group, 26 participants 

were categorized as middle-aged (mean age 48.1, SD 5.2) and 26 to as elderly (mean age 

73.7, SD 4.1). Participants were assigned to this group on the basis of a questionnaire, 

containing a self-assessment report with yes/no questions on their knowledge of and 

proficiency in foreign languages, including dialects. Of the middle-aged group, 9 

participants were male, and 17 female; of the elderly group, 14 participants were male and 

12 female. We chose native speakers of German and English for this study instead of native 

speakers of Dutch, because it is virtually impossible to find monolinguals in the 

Netherlands who match the other two language groups with respect to their educational 

level. The language situation in Germany is different from that in the Netherlands: exposure 

to foreign languages, e.g. through the media, is still limited, making it possible to find 

functional monolinguals in Germany, especially in the elderly population. The term 

functional monolinguals refers to speakers who are not actively learning or using an L2 

(Best and Tyler, 2007) and who have only very limited exposure to foreign languages in 

their daily lives (limited to English slogans in radio commercials, etc.). For the middle-aged 
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group, finding participants who fitted this criterion also proved more difficult in Germany, 

leading us to include two monolingual speakers of English. As German, Dutch, English and 

Frisian are very closely related West-Germanic dialects, sharing many cognates and other 

linguistic features, possible effects of language on the cognitive tasks used in our 

experiment are expected to be minor. The group of monolinguals was chosen as a control 

group that had to match the two bilingual groups both in number and age of participants. In 

the analyses of the general cognitive test, the data of two early bilingual participants had to 

be discarded, because of physical disabilities of the participants involved. Therefore, in 

chapters 4 and 5 in the original design of our experiment, we only included the results on 

this test of 50 monolingual speakers. 

In order to control for possible effects of other group differences, all groups were assessed 

with respect to their educational level and socio-linguistic background. All participants had 

at least 4 years of secondary education. Most participants were recruited via the personal 

network of the author of this dissertation, or via the network of a German student assistant.  
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