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Chapter 1  

General introduction 

During the past two decades, the concept of bilingualism has attracted a considerable 

amount of public attention. As a result of the increased mobility of large parts of the world 

population, more and more people nowadays are to some extent proficient in multiple 

languages. In western society the awareness has therefore grown that bilingualism can in 

certain respects be considered an asset. In educational settings, for instance, English is 

gradually replacing native languages as the language of preference. Apart from the practical 

benefit of speaking more than one language, bilingualism is sometimes seen as a cultural 

advantage, offering better understanding of other cultures and ideas, and is even claimed as 

offering metalinguistic advantages (see e.g. Baker & Jones, 1998, p. 7). This interest in 

bilingualism also reflects a change in attitude that goes much further than a mere 

appreciation of its practical benefits. According to traditional views, speaking two 

languages could lead to a higher incidence of stuttering in children (Dale, 1977; Howell, 

Davis & Williams, 2009; but see for a reaction Packman, Onslow, Reilly et al. 2009) and 

even to retardation in children’s development (c.f. Darcy, 1963).  A first landmark in the 

changing attitude towards bilingualism is a study by Peal and Lambert (1962), which 

compares performance on a number of verbal and non-verbal tests by groups of 

monolingual and bilingual children which had been carefully matched, because factors such 

as age and socio economic status had been controlled for. In contrast to earlier studies, the 

bilinguals did not show any disadvantages in performance, but they outperformed the 

monolingual children in a number of both verbal and non-verbal intelligence tests, 
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particularly those requiring mental flexibility. They had hit upon a phenomenon that 

decades later became known as the ‘bilingual advantage’. 

Despite the positive evidence reported by Peal and Lambert, the concerns about potential 

negative effects of bilingualism were not assuaged, so that children remained the objects of 

bilingual research. Twenty-six years later, Bialystok (1988) came up with evidence 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. Indeed, several studies (e.g. Bialystok, 1999; Bialystok & 

Martin, 2004) reported an advantage for bilingual over monolingual children in a number of 

cognitive tasks tapping into executive control, particularly inhibition. Later on, these studies 

were extended to groups of adults, and similarly, a few studies reported an advantage for 

bilinguals over monolinguals (Bialystok, Craik, Klein & Viswanathan, 2004; Costa, 

Hernández and Sebastián-Gallés, 2008). Thus, Peal and Lambert’s evidence seemed to be 

confirmed: bilinguals had been found to be at an advantage instead of a disadvantage 

compared to monolinguals in general cognitive functioning. 

However, when more studies were carried out in this field, matters appeared more 

complicated than they had seemed at first. A few seminal studies reporting an advantage for 

bilinguals could not be replicated (e.g. Bialystok et al., 2004), so that it was not clear 

whether this advantage was really there. As a result, there was a growing uncertainty about 

the presence of the bilingual advantage, and when it was found, about its nature. Studies 
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often disagreed in which aspect of executive functioning bilinguals would be better than 

monolinguals, and whether this advantage would confer to other types of bilingualism. 

Another point is that, unlike general cognitive functioning, as regards verbal cognitive 

functioning most studies still agree that bilinguals tend to be at a disadvantage compared to 

monolinguals (c.f. Bialystok, 2009). For children, this is reflected mainly in the fact that 

bilinguals have smaller vocabularies in each of their languages than monolinguals (Mahon 

& Crutchley, 2006), while bilingual adults are usually found to be slower in lexical access 

(c.f. Gollan & Acenas, 2004). The observation that bilingualism is thus associated with 

negative effects on linguistic performance, but simultaneously with a possible enhancement 

of certain nonverbal cognitive functions, led Bialystok, Craik and Luk (2008a) to 

hypothesize that there might even be a common explanation for these two phenomena. That 

is, the interference of the non-target language during bilingual language processing would 

on the one hand hamper lexical access, but simultaneously strengthen certain executive 

control systems because of their involvement in language processing. 

Performance both on tasks tapping into executive control (cf. Hasher et al, 2001; Hobson 

& Leeds, 2001) and into rapid lexical access (cf. Brickman et al., 2005), tends to decline 

with aging. In the case of executive control tasks, the fact that bilinguals reportedly show 

advantages here may lead to interesting interactions between bilingualism and aging. 

Indeed, a study by Bialystok, Craik, Klein and Viswanathan (2004) reports an association 

between bilingualism and a modulation of age-related decline in the efficiency of executive 

control. In the case of lexical access, we may expect interactions between bilingualism and 

aging as well.  Bilingualism might aggravate the age-related decline in lexical access, but it 
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is also possible that a modulation in elderly bilinguals of age-related decline in aspects of 

general cognitive functioning may lead to better performance in linguistic tasks, as well. 

The observations sketched above led us to initiate a study in which we explore 

associations between bilingualism, cognitive performance and aging. In particular, in this 

study we investigate in how far we can find evidence for either advantages or disadvantages 

in general and linguistic cognitive functioning for bilinguals compared to monolinguals. 

With this aim, we compare performance on a number of cognitive tasks between adult 

groups of early bilinguals, late bilinguals and functional monolinguals. First, we look at 

possible associations between bilingualism and executive control functions that may play a 

part in language processing. Second, we investigate associations between bilingualism and 

linguistic performance. In view of evidence for potential interactions between bilingualism 

and aging, we focus on the performance of elderly and middle-aged participants, both in 

verbal and nonverbal tasks. Last, we address the hypothesis that bilinguals’ conflict 

between competing language systems can simultaneously result in disadvantages in lexical 

access and in a boost of executive control functions, because of their involvement in 

multiple language processing. With this in mind, we analyse interactions between the 

results of the verbal and nonverbal tasks of our experiment within the group of early 

bilingual participants. 

 

1.1. The outline of this dissertation 

The next chapter of this dissertation is the theoretical background section, which 

provides a brief overview of the literature published in this research field and leads to a 

definition of the research questions of our study. Chapter 3 reports on the analyses that we 
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conducted within the group of early bilinguals, on the results of both the general and the 

linguistic tasks. Chapter 4 reports on the comparison of the performance of the early 

bilinguals and the monolinguals on the general cognitive task. Chapter 5 compares the 

performance on the same cognitive task of these groups with that of a group of late 

bilinguals. Chapter 6 reports on the comparison of the performance of the early bilinguals 

and the monolinguals on the verbal task. Chapter 7 is a general discussion of the entire 

study, combining the results presented in the foregoing chapters and answering the research 

questions that are outlined in chapter 2. Chapter 8 is the conclusion, providing a brief 

summary of the study and suggesting possible directions for future research in the field. 

Because chapters 3, 4, 5, and 6 are all based on articles that were submitted to peer-

reviewed journals, a number of sections, in particular on the methodology of this study, are 

sometimes repeated across the different chapters. 
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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, 



29 
 

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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Chapter 3  

Aging and bilingual processing: Age-related and individual differences in groups of 

early bilingual Frisians. 

Abstract  

We conducted a study to investigate effects of bilingualism on nonverbal and verbal 

cognitive performance. In this chapter we report on the results from the first part of our 

study, in which 26 middle-aged (MA 46) and 26 elderly (MA 73.2) early bilingual speakers 

of Dutch and Frisian performed a verbal fluency test, a task switching test and a working 

memory (WM) test. In an analysis focusing on between- and within-group differences, we 

found that the age-groups differed significantly in the task switching and WM tests and in 

the category switching component of the verbal fluency task. Analyzing the effects of other 

factors, we found that the higher the degree of balance between participants’ languages, the 

smaller their costs for switching between tasks. 

 

This chapter has been published as a research paper: 

Houtzager, N., Lowie, W.M. & De Bot, K. (2014). Bilingualism, aging and multilingual 

processing: Age-related and individual differences in groups of early bilingual Frisians. In 

L. Filipović and M. Pütz (eds.), Multilingual Cognition and Language Use, pp 263-285. 

Amsterdam: Benjamins. 

We thank the anonymous reviewers who evaluated this manuscript for their questions, 

feedback and suggestions on previous versions of this work, and Mik van Es for his 

invaluable help and support with the statistical analyses. 
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3.1. Introduction 

During the past two decades, the general attitude towards bilingualism has changed, the 

focus having shifted from concerns about harmful effects of bilingualism for children to the 

practical benefits of fluency in multiple languages. Moreover, there has been evidence 

suggesting that bilingualism may positively affect general cognitive performance across the 

lifespan: bilinguals were found to outperform monolinguals in nonverbal tasks depending 

on executive control, an advantage that was found both in children (c.f. Bialystok,  2001) 

and in adults (Costa, Hernández & Sebastián-Gallés 2008), although not all studies report 

significant group differences. On the other hand, linguistically, bilinguals seem to be at a 

disadvantage compared to monolinguals: bilingual children control smaller vocabularies in 

each of their languages than monolingual children (Mahon & Crutchley, 2006), and 

differences in verbal performance continue into adulthood and old age, when bilinguals 

exhibit deficits in vocabulary access (see Kaushanskaya & Marian, 2007) and lexical 

decision (Ransdell & Fischler, 1987), and are also reported to show more tip of the tongue 

experiences than monolinguals (cf. Gollan & Acenas, 2004).  

We have started a large-scale study to investigate effects of bilingualism on cognitive 

performance. With this aim, we compare performance on a number of cognitive tasks 

between adult groups of early bilinguals, late bilinguals and functional monolinguals. First, 

we look at effects of bilingualism on linguistic performance. Second, we investigate 

bilingual effects on executive control functions that may play a part in language processing. 

In view of the interaction between bilingualism and aging in these effects, we compare the 

performance of elderly and middle-aged participants, both in verbal and nonverbal tasks. 

Third, we address the hypothesis that bilinguals’ constant conflict between competing 
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language systems can simultaneously result in deficits in lexical access and in a boost of 

executive control functions, because of their constant involvement in multiple language 

processing (Bialystok, Craik & Luk, 2008a; Bialystok, 2009). With this in mind, we analyze 

the interaction between the results of the verbal and nonverbal tasks of our experiment. 

In this chapter, we report on the results from the first part of our study, in which we 

tested middle-aged and elderly early bilingual speakers of Dutch and Frisian. Frisian is a 

minority language spoken in Friesland, a northern province of the Netherlands, and is 

closely related to Dutch. For our comparison with the other two language groups, we 

needed a homogeneous group of bilinguals, and because our participants were all balanced 

bilinguals in the same two languages, we expected our group to fit this criterion of 

homogeneity. The main research question of this chapter concerns the issue to what extent 

individual differences in language background and language use play a role in task 

performance within this group of early bilinguals. 

In the first section of this chapter, we present an overview of research that has been done 

in the field of verbal production and verbal fluency. In the first place, this leads to a 

justification of the choice of the verbal task used in our study. Secondly, we aim to 

investigate which factors, apart from language-related variables, can be expected to predict 

performance on our tasks, on the basis of results from earlier research. Thirdly, we want to 

give a brief overview of earlier findings on bilingual performance on verbal fluency tasks, 

so that we can see how it may differ from monolingual performance. This part is followed 

by a short section on bilingualism and executive control. Here as well we want to explain 

the choice of our cognitive task, and second, we want to investigate to what extent both 

language-related and other factors can be expected to affect task performance. Next, we 
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show how we define and operationalize a number of factors concerning language use and 

language background. This section is followed by a description of the design and procedure 

of our experiment, and finally by a presentation of the first results and a brief discussion of 

our findings. 

 

3.2. Verbal production and verbal fluency 

In spite of the apparent ease most bilinguals reveal in using their languages and in 

switching between them, being bilingual also implies considerable language processing 

costs, which seem related to differences in vocabulary size. Bilingual children are 

consistently found to have smaller vocabularies than monolingual children (Mahon & 

Crutchley, 2006). Although such a difference does not necessarily persist in adults (cf. 

Portocarrero, Burright & Donovick, 2007; Fernandes, Craik, Bialystok & Kreuger, 2007), 

bilingual adults are often reported to be slower in lexical access. This is particularly 

reflected in lexical production tasks asking for a timely response, such as picture naming, in 

which bilinguals proved consistently slower, even when tested in their first and dominant 

language (see Ivanova & Costa, 2008), and verbal fluency tests. The verbal fluency test is 

now often used in research on bilingual vs. monolingual language processing. It is a free-

naming task, in which participants, within one minute, name as many exemplars as possible 

from a number of semantic or phonological categories. Thus, the test involves the activation 

of large semantic networks and as such, of many related lexical representations. According 

to Sandoval, Gollan, Ferreira and Salmon (2010), this makes it a valuable assessment tool 

for analyzing potential effects of between-language interference in bilinguals. 
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Another reason why the verbal fluency test fits our purpose of analyzing bilingual verbal 

performance is that the test consists of two different components – semantic and 

phonological, or letter fluency -  which are generally considered to tap into different 

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

al., 2002; but see Unsworth, Spillers & Brewer, 2011, for counterevidence: they found  no 

systematic differences between semantic and letter fluency tasks, in terms of total number 

of items generated, cluster size, or frequency of switches). During the semantic fluency 

task, participants are usually required to name exclusively nouns, particularly of a concrete 

nature. Consequently, all the time items are activated within that particular semantic field; 

this determines their accessibility, so that performance on the task depends to a large extent 

on the inherent organization of the participant’s semantic knowledge (see Portocarrero, 

Burright & Donovick 2007; Sauzéon et al., 2011). During the phonological fluency task, on 

the other hand, words cannot be named related to their meaning (Perret, 1974). This makes 

the task more difficult for most participants, because they have to inhibit the tendency to 

retrieve words in a similar way as during natural speech. Besides, the search for items to be 

named during phonological fluency is not restricted to (concrete) nouns, but lexical items 

from all word classes are possible candidates. This implies that the task taps into more 

effortful, strategic search processes than semantic fluency. This strong dependence of 

phonological fluency on inhibitory processes and effortful search strategies explains why it 

has been argued that performance on this verbal fluency component taps most strongly into 

executive control functions (Filippetti & Allegri, 2011). This does not mean, however, that 

performance on semantic fluency is not to some degree dependent on executive control 

functions as well; stopping a search process and initiating a new one, for instance, is an 

aspect of the task that taps into executive control functions, too. Sauzéon et al. (2011) 
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conducted a study involving a verbal fluency test to investigate whether verbal knowledge 

can compensate for the age-related decline that is often observed in performance on this 

task. To this end, a dissociation was made between semantic and non-semantic components 

of the verbal fluency test. Elderly participants indeed appeared to compensate for the age-

related decline in task performance, reflected in a positive correlation between age and 

vocabulary knowledge, but only on phonological fluency. According to Sauzéon and 

colleagues, the non-semantic component of the task, which is sensitive to age-related 

decline, includes “speed processing and executive functions, such as strategic search 

processes, shifting, monitoring, inhibition processes, and working memory” (p. 145). This 

also explains why it is important to test participants’ working memory, and include the 

results on this task in the analyses of the verbal fluency results. 

In our verbal fluency test, we also included the component category switching. During 

this task, participants have to switch between naming items from two different semantic 

categories, for instance animals and jobs. This task component taps to a large extent into the 

same cognitive processes as semantic fluency, but the element of having to switch between 

two different categories imposes an extra demand on executive control functions, in 

particular the function that Miyake et al. (2000) defined as mental flexibility or switching 

between different mental sets, and working memory, defined by the same authors as the 

executive function of updating information. One of the few studies that also included the 

switching condition in the test battery is an experiment by Mayr and Kliegl (2000), 

involving young (MA 23.4) and old (MA 67.7) adults. They wanted to investigate whether 

age-related differences in semantic retrieval tasks are due to semantic processes or to other, 

task-specific, non-semantic processes. Troyer et al. (1997) had found that an age-related 

decline in performance on semantic fluency was related to a decline in older participants to 
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switch between semantic clusters. This was considered to reflect an age-related decline in 

the executive function of switching between mental sets. On the basis of this model, age-

differences would be more pronounced in the switch condition than in the non-switch 

condition of semantic fluency. The other option, proposed by Mayr and Kliegl, is that 

executive functions are “relevant for every single act of retrieval” (p. 31), implying that 

age-related differences would also arise in the non-switch condition, and not be much 

higher in the switch condition. This latter view was supported by their findings, as age-

related deficits in set-switching appeared to be relatively subtle. 

Finally, the third reason why we chose the verbal fluency test for our experiment is that 

previous research (cf. Sandoval et al., 2010; Luo, Luk & Bialystok, 2010) has shown that 

this test also lends itself for a number of qualitative analyses of the responses, such as 

clustering and switching and time-course analyses. Some of these analyses may enable a 

more detailed investigation of the mechanisms that are responsible for the differences 

between bilingual and monolingual verbal production. These analyses are currently worked 

on and will be reported in a future article. 

The second aim of this section concerned the question to what extent individual 

differences within our target group, besides language-related factors, play a role in task 

performance. Various studies found large effects of age and level of education on verbal 

fluency. Acevedo et al. (2000), in a large-scale study on semantic fluency in monolingual 

English and Spanish participants over age 50, found the most important factors to be age 

and education. Increasing age was associated with lower fluency scores in all categories 

(animals, vegetables and fruits), and increasing level of education was associated with 

higher total fluency scores. They also found that different fluency measures were affected to 
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a different degree by different factors. For instance, scores on vegetable and fruit fluency 

were associated with age, education and gender (with women outperforming men), but 

animal fluency only with age and education. This implies that it is very important to include 

a sufficient number of different semantic categories in the verbal fluency test. Troyer 

(2000), in a normative study, meant to provide data for clinicians and researchers to 

determine the nature of fluency impairments, involving 411 healthy English-speaking adults 

between 18 and 91 years old (MA 59.8, SD 20.7), also found increasing age associated with 

lower scores, both on semantic and phonological fluency; it was a stronger predictor for 

semantic than for phonological fluency. In an earlier study (1997), involving 54 older (MA 

73.3, SD 6.5) and 41 younger adults (MA 22.3, SD 3.8), Troyer and her colleagues did not 

find a significant age difference on phonological fluency, but the younger participants 

significantly outperformed the elderly group on semantic fluency. However, Ostrosky, 

Ardila and Rosselli (1999), reporting on a large-scale study involving 800 monolingual 

Spanish speaking participants between 16 and 85 years old, divided over 4 age-groups, 

found the effect for age stronger for the phonological than for the semantic condition. The 

effect for education that they found was strongest for performance on phonological fluency, 

as well. Ardila, Ostrosky-Solis, Rosselli and Gomez (2000) also found the effect of 

education to be stronger in the phonological than in the semantic condition (accounting for 

38.5% vs. 23.6% of the variance). Rosselli and colleagues (2009) conducted an experiment 

on a group of 105 Hispanic adults aged 55-98, divided into three educational groups, but 

did not include phonological fluency. They found that increasing levels of education only 

predicted higher scores on the categories animals and clothing, but not on the categories 

fruits and vegetables 
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In summary, age and education can be said to be the main factors besides language-

related variables that seem to affect performance on verbal fluency tests. Results differed as 

to whether the effect was strongest in semantic or phonological fluency, but the tendency 

was always that lower age and higher level of education are associated with higher fluency 

scores. In our analyses of the verbal fluency results of our early bilingual group, we will 

therefore take the variables age and education also into account.  

Recently, verbal fluency tests have become widely used in research on differences 

between monolinguals and bilinguals, as well. What most studies agree on is that generally 

monolinguals outperform bilinguals on these tasks (e.g. Gollan et al., 2002; Bialystok, 

Craik & Luk, 2008b); not only do they produce more correct items, but they also tend to 

show faster first response times (Sandoval et al., 2010). It is clear from these findings that 

this bilingual disadvantage generally reflects slower lexical access. However, in order to 

better understand the reasons for this bilingual deficit, we will have a closer look at 

performance on the different task components, because, as we argued above, these are 

considered to tap into different cognitive processes. A number of previous studies found 

that differences between monolinguals and bilinguals were only present in the semantic 

component of the test. For instance, Rosselli et al. (2002) conducted a study involving 82 

elderly participants (MA 61.76, SD 9.3), of which 45 were English monolinguals, 18 were 

Spanish monolinguals, and 19 Spanish-English bilinguals; the bilinguals were tested both in 

English and Spanish. The bilinguals produced almost the same number of items on the 

phonological components of the task, but produced significantly fewer items on one 

semantic category in Spanish and on both semantic categories in English. Portocarrero, 

Burright and Donovick (2007) compared 39 monolingual and 39 bilingual college students, 

and also found that they performed similarly on phonological fluency, but that the 
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monolinguals were significantly better at semantic fluency. Gollan, Montoya and Werner 

(2002) also conducted a study involving monolingual and bilingual college-aged students, 

who had to perform a verbal fluency test consisting of 12 semantic, 10 phonological and 2 

proper name categories. The monolinguals significantly outperformed the bilinguals on all 

tasks, but the difference was found to be largest in the semantic fluency components. The 

difference could not be attributed to language dominance (which was assessed on the basis 

of self-ratings, by means of a language questionnaire). Rosselli et al. (2000) proposed that 

this discrepancy between performance on semantic and phonological fluency might be due 

to the fact that semantic fluency predominantly involves the naming of concrete words, 

which share more representations across languages than non-concrete words. Therefore, 

cross-language interference would be stronger in semantic than in phonological fluency. 

On the other hand, Obler, Albert and Lozdwick (1986), comparing groups of 

monolingual and bilingual elderly (MA 73) participants, found the bilinguals outperformed 

the monolinguals in animal list generation. However, the bilingual group here only counted 

11 participants. Bialystok, Craik and Luk (2008b) report on a study in which a group of 24 

monolingual English college students (MA 20.7) outperformed a group of bilingual 

compeers (MA 19.7) in phonological, but not in semantic fluency. Because in previous 

studies bilinguals were often found to have a smaller vocabulary size (cf. Fernandes, Craik, 

Bialystok & Kreuger, 2007) the researchers decided to control for vocabulary size, and 

interestingly, under this condition the bilingual disadvantage disappeared. A second study, 

reported on in the same article, involved a group of 16 monolingual and 50 bilingual college 

students; on the basis of results on the Peabody Picture Vocabulary test, the latter group was 

divided into a group with a high vocabulary (HP) and one with a low vocabulary size (LP). 

Moreover, in this study the letter fluency task was designed in such a way that it used more 
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restrictions on the items that could be named, and as such could be expected to place higher 

demands on executive control functions. On semantic fluency, there was no significant 

difference between the monolinguals and the HP bilinguals, and both groups outperformed 

the LP bilinguals. On phonological fluency, there was no significant difference between 

monolinguals and LP bilinguals, but both groups were outperformed by the HP bilinguals. 

The authors explain the results by arguing that phonological fluency depends on executive 

processes to monitor and control the interference of irrelevant competitors; because these 

executive processes are enhanced in bilinguals, bilinguals perform better in lexical retrieval 

on this task than monolinguals, providing that vocabulary size is controlled for. In a second 

article (Bialystok, Craik & Luk, 2008a), the authors also involved a group of 24 

monolingual (MA 67.2) and 24 bilingual (MA 68.3) elderly participants. Here, the 

monolinguals outperformed the bilinguals on all tasks, but there was no interaction between 

age and language group. Sandoval et al. (2010) reported on a study involving 30 English-

speaking monolinguals (MA 19.67) and 30 Spanish-English bilinguals (MA 20.33) with 

similar educational backgrounds; in a second study, 45 bilinguals participated. In the first 

study, bilinguals showed fewer correct responses in 22 out of 24 phonological categories, 

and in 11 out of the 15 semantic categories.  

In sum, in verbal fluency tests bilinguals were generally found to be at a disadvantage 

compared to monolinguals. Differences between these groups were found particularly in 

performance on semantic fluency, which is usually considered to be most dependent on 

lexical access. A few studies found the largest group difference in performance on 

phonological fluency, which is considered to be more dependent on executive control 

functions. However, this bilingual disadvantage disappeared once vocabulary size was 
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controlled for, so that in one study a group of high proficient bilinguals even outperformed 

the monolingual group. 

 

3. 3. Bilingualism and executive control. 

The first evidence for bilingual advantages in general cognitive performance was found 

in children. Bilingual children were found to outperform monolingual children in 

metalinguistic tasks (Bialystok, 1988), and later evidence was found that this bilingual 

advantage might extend to nonverbal domains as well (cf. Bialystok & Martin, 2004; 

Carlson & Meltzoff, 2008). The explanation proposed for these findings was that bilingual 

children might develop a mechanism that controls attention to the target-language, and that 

inhibits the non-target language from interfering; this mechanism might benefit bilinguals 

in other, non-linguistic, domains as well (see Bialystok, Craik, Klein & Viswanathan, 

2004). When research on bilingual effects on cognitive functioning was extended to adults, 

a bilingual advantage was found in the Simon task (Bialystok et al., 2004), in the anti-

saccade task (Bialystok, Craik & Ryan, 2006) and in the ANT task (Costa, Hernández & 

Sebastián-Gallés, 2008), and bilinguals were also found to show a larger attentional blink, 

suggesting stronger reactive inhibition of irrelevant information (Colzato et al., 2008). 

Moreover, the bilingual advantage reported by Bialystok and colleagues (2004) increased in 

groups of elderly participants (age>60), suggesting that bilingualism might lead to a 

modulation of age-related effects. However, there has been no agreement as to what 

mechanism is responsible for these bilingual advantages. Still, a considerable number of 

studies failed to find differences in performance between bilinguals and monolinguals. For 

instance, Meuter and Orr (lecture ISB8 Oslo, 2011), in a study involving younger and 
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elderly monolinguals and bilinguals with various language and educational histories, found 

that the factor bilingualism did not have any impact on performance on a set of different 

executive function tasks; factors that did have an impact were increased L2 proficiency and 

level of education. In experiments involving young adults results are mixed, the explanation 

being that this age-group might be at a peak as regards executive control abilities, so that 

ceiling effects prevent the detection of group differences (see Costa et al., 2008, Prior & 

MacWhinney, 2010). The results from a number of experiments involving older adults, 

such as the reduced Simon effect in bilinguals found by Bialystok et al. (2004) have not yet 

been replicated. This inconsistency in results is discussed in an overview of studies 

comparing bilinguals and monolinguals in tasks requiring attentional control (i.e. either 

conflict resolution or response suppression) by Costa and colleagues (2009). The authors 

relate a potential bilingual impact on the magnitude of the conflict effect to “the need of 

bilinguals to continuously control their two languages, focusing on the relevant linguistic 

representation while avoiding interference from the non-intended language” (p. 136); the 

impact on overall RTs, however, is related to monitoring processes, which are needed for 

the effective implementation of these conflict resolution processes, and thus to the process 

of “settling the language in which communication will proceed” (p. 143), in other words, to 

monitoring “which language to produce in each communicative interaction” (p. 144). In 

sociolinguistic situations where a bilingual’s languages are linguistically similar, making it 

potentially more difficult to keep them apart, bilingual effects on executive control might be 

most likely to occur. This effect might be stronger when these languages are also used in 

similar contexts, so that speakers constantly have to monitor their language use. The 

linguistic environment of the Spanish/Catalan participants in the experiment reported by 

Costa and colleagues (2009) fits the definition of this sociolinguistic context, as does the 
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sociolinguistic situation of the Dutch/Frisian participants in our study. Because the bilingual 

advantage might be found in the interaction between executive control functions 

responsible for conflict resolution, and monitoring processes, it will probably be most easily 

detected in a task tapping into these two cognitive functions. Prior and MacWhinney (2010) 

compared performance by monolingual and fluent bilingual college students in an 

experiment based on the task-switching paradigm. Instead of an alternating runs paradigm, 

they used cued task-switching, so that the task not only tapped into conflict resolution, but 

also into monitoring processes. They found that the bilinguals had reduced switching-costs, 

which the authors attributed to “transient control processes for selecting between competing 

tasks, such as activating concurrent task goals and reconfiguring stimulus-response 

mappings”, and also to “enhanced resistance to proactive interference, a subtype of 

inhibitory control” (p. 259). Because Prior and MacWhinney’s test proved suitable for 

detecting differences between bilinguals and monolinguals in the interaction between 

conflict resolution and monitoring processes, and because our participants’ sociolinguistic 

situation required exactly such a test, we decided to base our general cognitive test on 

theirs, after adapting it for our specific age-groups. 

With regard to the specific focus of this chapter, namely the the issue to what extent 

individual differences in language background and language use play a role in task 

performance, studies reporting on bilingualism and executive control differ in the amount of 

detail that is used for defining the criteria for bilingualism. In some studies (e.g. Bialystok 

et al., 2004; Prior & MacWhinney, 2010), the participants speak a variety of different 

second languages, whereas in others (e.g. Costa et al., 2009), all participants are fluent in 

the same two languages. Moreover, many reports lack sufficient detail on the participants’ 

language use, language dominance and the order of acquisition of their languages. 
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Therefore, various researchers (e.g. Bialystok, 2009) already proposed that research should 

be done into questions like how much and what type of bilingualism are required to bring 

about effects on cognitive functioning. 

With regard to the question to what extent individual differences, besides language-

related factors, within the early-bilingual group play a role in task performance, a large 

number of studies report an age-related decline in functions depending on executive control 

(cf. Cepeda, Kramer & Gonzalez de Sather, 2001; Kray & Lindenberger, 2000; Reimers & 

Maylor, 2005; but see Hobson and Leeds, 2001, for less conclusive evidence). As far as the 

factor education is concerned, many studies report scores on standardized intelligence tests 

(for instance Bialystok et al., 2004; 2006) for their participants or, particularly when a study 

involves college-aged participants, take self-reported SAT-scores as a measure of general 

cognitive ability (e.g. Prior & MacWhinney, 2010). When the number of years of education 

is reported, often no distinction is made between educational levels (cf. the study by Kray 

and Lindenberger, 2000). However, the results of e.g. the study by Meuter and Orr (lecture 

ISB8 Oslo, 2011) suggest that level of education and language-related factors, such as L2 

proficiency, are factors that can affect performance on tasks tapping into executive control 

and should therefore be logged and taken into account. 

 

3.4. Language background and language use 

Because the primary objective of this chapter concerns the issue to what extent 

individual differences in language background and language use affect task performance 

within our early bilingual group, we developed a questionnaire containing questions on 

participants’ language background, that was based on the one used by Gullberg and 
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Indefrey (2003). We based our variables exclusively on participants’ use of the languages 

they learnt in early childhood, i.e. Dutch and Frisian. Details about use of any other 

languages they subsequently gained proficiency in were logged, but not used for the 

analyses reported on in this chapter. On the basis of their responses, we developed ordinal 

scales for the factors language past, current language use, and language preference, as 

follows: 

1 Language past: 5-points scale, with 1 indicating a maximum degree of Frisian 

language input and use, and 5 indicating a maximum degree of Dutch language input and 

use. 

2 Current language use: 5-points scale, with 1 indicating a maximum degree of Frisian 

language input and use, and 5 indicating a maximum degree of Dutch language input and 

use. 

3 Language preference: 3 points scale, with 1 indicating a preference for using Frisian, 3 

indicating a preference for using Dutch. 

Then, as we pointed out, performance on the nonverbal task-switching test seems to tap 

into the executive function of switching between tasks, or shifting between mental sets (cf. 

Miyake et al., 2000). We propose that components of the verbal fluency test may to some 

extent tap into this executive control function as well. It seems logical to assume that this 

effect is strongest in the case of balanced bilinguals, i.e. bilinguals who use their two 

languages equally often, because they have the most experience in switching between 

languages (cf. Bialystok, 2009). Although all our Dutch/Frisian participants learned both 

their languages before age 6 and have used them on a daily basis ever since, the data 

recorded in the language background questionnaire show vast individual differences within 
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this group concerning the degree of balance between participants’ languages. We therefore 

created the variable ‘language balance’, in order to investigate whether this factor plays a 

role in task performance. We operationalized the variable ‘Language Balance’ as follows. 

For the variables ‘language past’ and ‘current language use’, a rating of 1 (maximum 

degree of Frisian input) or 5 (maximum degree of Dutch input) implies the lowest degree of 

balance in language use, and therefore leads to rating 1 for ‘language balance’. For these 

variables, a rating of 2 (mostly Frisian input) or 4 (mostly Dutch) implies a higher degree of 

balance, and is therefore rated as 2 for ‘language balance’. A rating of 3 for these variables 

implies the highest degree of balance and is therefore rated as 3 for ‘language balance’. For 

the variable ‘language preference’, a rating of 1 (preference for Frisian) or 3 (preference for 

Dutch) implies a lower degree of balance and is therefore rated with 1 for ‘language 

balance’; a rating of 2 (indicating no preference) implies the highest degree of balance, and 

is therefore rated as 2 for ‘language balance’. These three ratings (i.e., for language past, 

current language use and language preference) are finally added up; this leads to a variable 

with a 6-points scale, with a rating of 3 indicating the lowest, and a rating of 8 indicating 

the highest degree of balance in language use. 

 

3.5. Methodology 

3.5.1 Participants 

Our experiment involved a group of 52 early bilingual Dutch/Frisian participants; 26 

participants belonged to the elderly age-group (mean age 73.2, SD 6.2), and 26 to the 

middle-aged group (mean age 46, SD 5.7). Participants were assigned to this language 

group on the basis of the language questionnaire. All participants were fluent in both 
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languages, had acquired them before the age of 7 and used them on a daily basis ever since. 

Frisian is a minority language spoken in Friesland, a northern province of the Netherlands; 

it is highly related to Dutch, can be taken as an exam subject in secondary education, and 

can be studied at the University of Groningen. Task-switching scores of 1 middle-aged 

participant were discarded because of a physical handicap of both hands, and of 1 elderly 

participant because of disturbances during testing. Knowledge of and/or proficiency in 

additional languages were logged but not taken into account as an additional variable. Of 

the middle-aged group, 10 participants were male, and 16 female; of the elderly group, 13 

participants were male and 13 female. All participants were selected according to 

educational background: they had at least 4 years of secondary education. This is taken as a 

measure of general cognitive ability. 

 

3.5.2. Procedure, general 

All the participants were tested by the same experimenter, in their own homes, during a 

single experimental session lasting ca. 120 minutes. First, in a test-demo participants were 

given instructions for the computerized version of the task-switching test. Next, they 

performed the first part of this task-switching test, to be followed by a verbal fluency test, 

and then the second part of the task-switching test. Finally, participants carried out the 

forward and backward versions of the Corsi Blocks test (a spatial working-memory test), 

and were given a questionnaire to assess their daily language use pattern, their self-rated 

proficiency and the age at which they acquired their L2 and any other languages they were 

familiar with. The questionnaire also contained a number of questions on personal and 

educational background and on factors that might affect cognitive functioning, such as 
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musical practice and computer gaming; originally, it was based on the language background 

questionnaire by Gullberg and Indefrey (2003). 

 

3.5.3. Task-switching test 

This test was based on the experiment reported by Prior and MacWhinney (2010), who 

adapted their procedure from Rubin and Meiran (2005). The test was presented on a HP 

laptop computer with a 15.4 inch screen. Participants were seated ca. 60-80 cm from the 

monitor screen and had to respond to objects presented on the screen, by pressing buttons 

on a Serial Response Box (produced by Psychological Software Tools Inc., Pittsburgh, PA). 

Experimental script and data collection were managed by the E-prime computer program 

for response time measurement. Before the start of the actual test, participants were 

presented with a set of instructions, also programmed in E-prime, to familiarize them with 

the general test procedure, and enabling them to ask questions if anything was unclear. The 

test itself consisted of three blocks, all comprising a set of instructions, to be followed by a 

number of practice trials and experimental trials. All trials started with the presentation of a 

fixation cross for 350 ms. followed by a 150 ms. blank screen. Then a task cue appeared on 

the screen for 650 ms, slightly above the fixation cross. The cue for the color task was a 

color wheel and the cue for the shape task a black undefinable shape. While the task cue 

remained on the screen, the target appeared in the center of the screen. Targets were either 

red or green squares or triangles.  Neither task cues nor targets contained any linguistic 

information, so that the participant’s language could not affect performance on the task. 

Cue and target remained on the screen until the participant’s response or for a maximum 

duration of 7 seconds. During practice trials, participants received written feedback on the 
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screen, telling them if their response was correct or not; during experimental trials no 

feedback was given. After the participant’s response a blank screen was presented during 

850 ms. which was followed by the start of the next trial. 

 

 

Figure 1: Example of a trial display for color condition (Timmermeister, 2012) 

 

During single-task blocks, the color task had to be performed with the right hand, and the 

shape task with the left hand. During the color task, participants were instructed to respond 

to the appearance of a red object with the index finger, and to that of a green object with the 

middle finger, while ignoring the shape of the object. During the shape task, they had to 

respond to the appearance of a triangle with the index finger, and to that of a square with 

the middle finger, while ignoring the color of the object. During mixed-task blocks, the 

conditions from the single-task blocks were combined and the assignment of task to hand 

and finger was preserved. This implied that before the presentation of the target either the 

color circle or the black shape appeared, so that during each individual trial participants 

either had to focus on the color of the object and ignore its shape, or focus on the shape of 
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the object and ignore its color. The buttons of the Serial Response Box for the color task 

were labeled with red or green stickers, and the buttons for the shape tasks with stickers 

showing a triangle or a square in black and white, with similar stickers attached slightly 

above the buttons. Additionally, the same stickers were pasted slightly below the screen, so 

that participants would not have to move their gaze from the screen to the Serial Response 

Box to remember the instructions, thus reducing potential time-delay because of working-

memory load. 

 

 

Figure 2: Experiment Set-up Task-Switching Test (Timmermeister, 2012) 

 

The task-switching experiment consisted of two parts. The first part comprised two 

single-task blocks (first color, then shape), each including 8 practice trials followed by 24 

experimental trials, and one mixed-task block including 8 mixed-task practice trials, 

followed by 48 experimental trials. In both the single and mixed-task blocks, participants 

could only start with the experimental trials when at least 80% of their responses on the 

practice trials were correct. Furthermore, 2 dummy trials were added before each group of 

experimental trials, to reduce effects of time-delay because of starting problems. These 

dummy trials were not included in the analysis. In the mixed block, half of the experimental 
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trials were switch trials (i.e., participants had to switch from indicating the color, to 

indicating the shape of the target, or vice versa) and half of them repetition trials (i.e. they 

had to focus on the same criterion as in the previous trial), ordered in a semi-random design 

with a maximum of 3 consecutive trials of the same type. After a break, during which 

participants took part in the verbal fluency test, the second part of the task-switching test 

was administered. This part started with a mixed-task block, which comprised 8 practice 

trials and 48 experimental trials, again preceded by 2 dummy trials. The mixed-task block 

was followed by two single-task blocks, again comprising 8 practice trials, 2 dummy trials 

and 24 experimental trials, and presented in the opposite order from the first part. 

Altogether, the experimental blocks in this sandwich design contained 48 switch, 48 

repetition trials, and 96 single-task trials (48 color and 48 shape). 

 

3.5.4. Verbal Fluency Test 

The test we administered was based on the test from the Delis-Kaplan Executive 

Function (D-KEF) System (Delis et al., 2001), and comprised three parts. 

a. Semantic fluency: in the first part of the test, participants were instructed to name as 

many words as possible from a semantic category, within 60 seconds. In our experiment, 

there were two large categories (fruits and vegetables, and jobs) and two small categories 

(musical instruments, and animals living in or around the water. 

b. Phonological fluency: in the second part of the test, participants were instructed to 

name as many words as possible from a phonological category (i.e., words starting with the 

same letter), within 60 seconds. We conducted an analysis of CELEX corpora for 
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information about the numbers of exemplars in the testing languages that we used for our 

participants. For our early bilingual Dutch/Frisian participants, we used the initial letters 

‘b’,  ‘j’  and ‘r’. This was decided because we needed a high frequency letter (b), a low 

frequency letter (j) and a moderate frequency letter (r), both in Dutch, the test-language of 

our early bilingual participants, and in German, the future test language of our monolingual 

and late bilingual participants. Additionally, our analysis of CELEX corpora showed that 

these letter categories were equally large in Dutch and German.  

c. Category switching: in the final part of the test, participants were instructed to switch 

between naming exemplars from two semantic categories, again within 60 seconds. First, 

participants had to name alternatingly musical instruments and animals, and next pieces of 

clothing and pieces of furniture. 

For the components semantic fluency and category switching, the only restriction was 

that participants should say different words, but that synonyms were allowed. For the 

phonological task, the following additional restrictions applied: 1 no proper names, of 

people or places; 2 no numbers; 3 no different word forms or endings, e.g. visiting-visitor; 4 

no lengthening of words by compounding. 

 

3.5.5. Corsi Blocks Test 

Lastly, we measured participants’ working-memory by means of the Corsi Blocks Test. 

This is a test of visual spatial working-memory, developed by Milner (1971). It consists of 

nine identical blocks (3x3x3 cm), irregularly positioned on a wooden board. All blocks 

have labels with numbers, which are only visible to the experimenter. During the test, the 
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experimenter taps a series of blocks at a rate of 1 block per second. Immediately afterwards, 

the participant is required to tap the same blocks, in the same order of presentation. The 

length of block sequences is increased from 2 till 9, with each number (but in a different 

sequence) being tapped twice. We administered the test both in the forward and the 

backward versions (here participants had to tap the sequence of blocks in the reverse order 

from which it was presented). Participants always finished the entire range of sequences, 

even when recall on two consecutive sequences was not correct. Two measures were used 

to assess the participants’ scores on this task: 1 Span, i.e. the maximum sequence of blocks 

tapped correctly by the participant; 2 Ratio, i.e. the total number of blocks tapped correctly 

in the entire test. For our analyses, we used the ratio score on the backward task, because 

this measure made the finest distinction in performance on the task. 

 

3.6. Results 

The mean scores, per age-group, on the verbal fluency test are presented in Table 1. 
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Table 1 This table shows the verbal fluency scores for the two age-groups (significant 

effects for age group are signaled as * for p<0.05 and ** for p<0.01). 

 

 

Middle-aged N=26 

MA 46 (5.7) 

Elderly N=26 

MA 73.2 (6.2) 

Musical instruments 17.4 (5.2) 14.4 (4.4)*  

Fruit/vegetables 23.4 (4.7) 21.2 (4.9) 

Water animals 16 (5.2) 15.9 (6.1) 

Jobs 19.2 (4.8) 17.4 (4.5) 

Mean semantic fluency 19 (3.9) 17.2 (3.8) 

R 13.7 (4.2) 14 (4.1) 

J 9.5 (3.1) 8.7 (4.2) 

B 17 (3.8) 17 (4.4) 

Mean phonological fluency 13.4 (3.2) 13.3 (3.5) 

Category switching, music. 

instr./animals 
17.5 (3.0) 15.5 (3.3)* 

Category Switching, 

clothing/furniture 
14.9 (2.8) 13.3 (2.9)* 

Mean category-switching 16.2 (2.6) 14.4 (2.7)* 

 

We looked at the correlations of age, education, ‘language use in the past’, ‘current 

language use’, ‘language balance’ and Working Memory, with phonological fluency, 

semantic fluency and category switching. The results of this analysis are presented in Table 

2. 
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Table 2 This table shows the correlation coefficients and, between brackets, significance 

values of the correlations of age, education, ‘language use in the past’, ‘current language 

use’, ‘language balance’ and Working Memory with phonological fluency, semantic 

fluency and category switching (significant effects are signaled as * for p<0.05 and ** for 

p<0.01). 

 Semantic 

fluency 

Phonological 

fluency 

Category 

switching 

Age r = -.324 

(.019*)  

r = -0.002 (.988) r = -.391 

(.004**) 

Education r = .239 (.088) r= .420 (.002**) r = .204 (.146) 

Language use in 

past 

r = .411 

(.003**)  

r = .253 (.070)  r = .372 

(.007**) 

Current language 

use 

r = .112 (.428) r = .140 (.322) r = .221 (.115) 

Language 

balance 

r = .364 

(.008**) 

r = .204 (.147) r = .481 

(.000**) 

Working 

Memory 

r = .441 

(.001**) 

r = .189 (.180) r = .518 

(.000**) 

 

When we controlled for the factors age and Working Memory, we found that for 

semantic fluency, the factor ‘language use in the past’ remained significant at .029 (r= .309) 

and the factor ‘language balance’ at p =.047 (r = .283); the factor education became 

significant at p=.045 (r=.284). For phonological fluency, the factor education remained 

significant at p = .004 (r = .396). For category switching, the factor ‘language use in the 

past’ lost its significance, at p = .093 (r = .240), and the factor ‘language balance’ remained 

significant at p = .003 (r = .413). Education became almost significant, at p=.067 (r=.261). 
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When we only controlled for Working Memory, the factor age lost its significance. The 

mean scores for the task-switching test, per age-group, are presented in Table 3: 

Table 3 This table shows the task-switching results for the two age-groups; RTs in 

milliseconds/accuracy in %, SDs between brackets (significant effects are signaled as * for 

p<0.05 and ** for p<0.01). 

 Middle-aged 

N=25; MA 46.3 (5.6) 

Elderly  

N=25; MA 73.6 (6.1) 

Single Block, Color /Accuracy 484.8 (92.7)/ 0.98 

(0.02) 

613.9 (108.3)**/ 0.98 

(0.02) 

Single Block, Shape/Accuracy 
477 (76.5)/ 0.99 (0.01) 

632.1 (169.6)**/ 0.99 

(0.01) 

Mixed Block/Accuracy 694.3 (182.2)/ 0.97 

(0.04) 

1026.8 (235.7)**/ 

0.94 (0.06)* 

Mixed, Repetition trials 644.2 (163.6) 953 (217)** 

Mixed, Switch trials 746.8 (205.4) 1103.2 (262.7)** 

Switch-effect (difference between 

repeat and switch trials, within mixed 

blocks) 

102.5 (68.5) 150.2 (99.3) 

Mix-effect (difference between 

singleblock trials and repeat trials within 

mixed blocks) 

163.3 (103.8) 331.2 (196.2)** 

 

We looked at the correlations of age, education, ‘language balance’ and Working 

Memory with the switch and mix effect. The results of this analysis are presented in Table 

4. 
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Table 4 This table shows the correlation coefficients and, between brackets, the 

significance values of the correlations of age, education, ‘language balance’ and Working 

Memory with the switch and the mix effect. 

 Switch effect Mix effect 

Age r = .379 (.007*) r = .503 (.000**) 

Education r = -.063 (.665) r = .141 (.329) 

Language 

Balance 

r = -.423 

(.002**) 

r =-.088 (.542) 

Working 

Memory 

r = -.444 

(.001**) 

r = -.524 (.000**) 

 

When we controlled for the factors age and Working Memory, the factor ‘language 

balance’ remained significant at p= .024 (r = -.326), implying that the higher the degree of 

balance between the participants’ two languages (Dutch and Frisian), the smaller the switch 

effect. 

Finally, we looked at the correlations of the switch and the mix effect with the 

components semantic fluency, phonological fluency and category switching of the verbal 

fluency test. The results are presented in Table 5. 
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Table 5 This table shows the correlation coefficients and, between brackets, the 

significance values of the correlations of the switch and mix effect with semantic fluency, 

phonological fluency and category switching.  

 Semantic fluency Phonological 

fluency 

Category 

switching 

Switch effect r =-.320 (.024*) r = -.224 (.117) r =-.295 (.038*) 

Mix effect r =-.295 (.038*) r =-.088 (.544) r = -.243 (.089) 

 

3.7. Discussion and conclusion 

The main focus of the present chapter concerned the question to what extent individual 

differences in language background and language use within the early bilingual group play 

a role in performance on the cognitive tasks of our study. In our analyses of the results, we 

also incorporated the factors age, education and working memory, because earlier research 

suggests that these variables can also affect task performance. Concerning this main 

research question of our chapter, for phonological fluency we did not find any significant 

effects for factors denoting language background and language use. The only factor that 

significantly correlated with the scores on this task was the level of education; when we 

statistically controlled for Working Memory, this factor retained its significance. The effect 

of education on semantic fluency and category switching was not significant, but for 

semantic fluency the effect became significant when we controlled for age and Working 

Memory. This effect of the factor education on the scores for particularly phonological 

fluency is in line with previous research findings (cf. Ardila et al., 2000). However, for the 

task components semantic fluency and category switching we found significant effects for 
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factors relating to language background and language use: both the variables ‘language use 

in the past’ and ‘language balance’ correlated significantly with task performance. In the 

first place, this implies that participants who used more Dutch than Frisian during their 

childhood performed better on these tasks than participants who were relatively more 

exposed to Frisian, and less to Dutch. This result seems to be in line with earlier findings, 

i.e. the finding that generally, monolinguals outperform bilinguals in particular on semantic, 

and not on phonological fluency tasks. The positive correlations we found between the 

factor ‘language balance’ and semantic fluency and category switching are more 

challenging to explain. It implies that participants with more balance in the use of their 

languages perform better on these tasks, as well. We propose that category switching taps 

heavily into the executive function of shifting between mental sets, and that the higher the 

degree of language balance of the participants, the more this flexibility has been boosted by 

their experience in switching between their languages. For semantic fluency switching 

between categories is not explicitly required. Still, previous studies suggest that in this task 

component participants’ task strategies involve conscious or subconscious switching 

between semantic clusters (cf. Unsworth et al., 2011). This evidence that we found for a 

positive effect of the degree of language balance on the executive function to switch 

between mental sets in a verbal cognitive task is all the more interesting because our group 

of participants was very homogeneous. Not only were participants highly fluent in the same 

two languages, but the vast majority had also spent most of their lives in the same 

geographical area, i.e. in the north of the Netherlands, and mostly in the province of 

Friesland. 

We also found significant positive correlations between the factors age and Working 

Memory, operationalized by the scores on the backward Corsi Blocks tests, and the 
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categories semantic fluency and category switching. Because the elderly group scored 

significantly lower than the middle-aged group on the Corsi Blocks test, we also expected a 

significant difference between the two age-groups for these task-conditions, but we did not 

find such a difference for semantic fluency. However, we found that performance on this 

task was constantly high for participants in their sixties, but rapidly declined after the age of 

70. Our finding that this age-related decline in performance disappeared when we 

controlled for the Corsi Blocks scores, suggests that the effect was related to an age-related 

decline in Working Memory. 

With regard to the scores on the task-switching test, we found a significant negative 

correlation between the factor language balance and the size of the switch-effect, suggesting 

that participants with a high degree of balance in their language use suffered lower costs 

when they had to switch between tasks. We propose that apparently, in accordance with 

earlier findings (cf. Prior & MacWhinney, 2010), bilingual participants with a high degree 

of language balance may also perform better on general cognitive tasks that depend on the 

executive function of shifting between mental sets (cf. Miyake et al., 2000), i.e. the ability 

to monitor task demands and to switch between tasks. 

Last but not least, analyzing interactions between results of the verbal fluency test and 

the task-switching test, we found significant negative correlations between the scores on 

semantic fluency and the size of the switch and the mix-effect, and between scores on 

category switching and the switch effect, suggesting that participants producing a higher 

number of verbal responses were less troubled by having to switch between tasks. This 

correlation is in line with the interaction hypothesized by e.g. Bialystok (2008a), according 

to which bilingualism would simultaneously lead to a reduction in lexical access and a 
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boost in executive control functions. According to this hypothesis, bilinguals “who have 

developed the most effective control processes  (…) would also be the ones least affected 

by lexical competition and would therefore perform well on (…) fluency tests” (Bialystok 

et al., 2008a, p. 870). This dissociation that we found between lexical retrieval and 

executive control in the same participants suggests that the bilingual disadvantage in verbal 

performance and their advantage in nonverbal cognitive performance could be results of the 

same underlying mechanism. We propose a mediating role for Working Memory in this 

effect, as performance on the Corsi Blocks test correlates positively with semantic fluency 

scores, and negatively with the switch and the mix-effect.  

In this chapter, we investigated to what extent individual differences in language 

background and language use within the early bilingual group play a role in performance on 

both the general and the verbal cognitive task. In the next chapter, we will compare 

performance on the general cognitive task between the early bilingual group and the group 

of functionally monolingual controls.  
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Chapter 4  

A bilingual advantage in task switching? Age-related differences bteween German 

monolinguals and Dutch/Frisian bilinguals.  

Abstract 

This study investigated whether lifelong bilingualism can be associated with enhanced 

executive control, particularly mental flexibility, and with a modulation of an age-related 

decline in these functions. We compared performance of middle-aged and elderly speakers 

of German and bilingual speakers of Dutch and Frisian in a cued task-switching paradigm. 

All bilinguals were fluent in the same, closely-related language pairs. Bilinguals incurred 

significantly lower switching costs than monolinguals, and elderly bilinguals were less 

affected by an age-related increase in switching costs than monolinguals. Bilinguals did not 

differ from monolinguals in the size of the mixing costs.  Our findings suggest that lifelong 

bilingualism correlates with enhanced ability to shift between mental sets, as well as 

increased resistance to proactive interference. The fact that we found significant group 

differences while some previous studies did not, may be attributable to the choice of our 

task and to the cognateness of the languages involved. 

This chapter has been accepted for publication as a peer reviewed paper:  

Houtzager, N., Lowie, W.M., Sprenger, S., & De Bot, K. (in print). A bilingual advantage 

in task switching? Age-related differences between German monolinguals and 

Dutch/Frisian bilinguals.  Bilingualism: Language and Cognition. 

We would like to thank Kenneth Paap, Fergus Craik and a third, anonymous reviewer who 

evaluated this manuscript,  for their questions, feedback and suggestions on previous 

versions of this work.
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4.1. Introduction. 

The past few decades have seen an increasing amount of research investigating effects of 

bilingualism on cognitive functioning, particularly the efficiency of executive control. First, 

Bialystok and her research group reported evidence of positive effects on executive control 

functions for bilingual children (c.f. Bialystok, 1999); in later studies, they found similar 

advantages for bilingual adults (Bialystok, Craik & Ryan, 2006). Moreover, bilingualism 

reportedly modulates the age-related decline of executive control in older adults (Bialystok, 

Craik, Klein & Viswanathan, 2004), and has been claimed to delay the onset of symptoms 

of Alzheimer’s Disease in bilingual elderly (Bialystok, Craik & Freedman, 2007). 

Bialystok’s studies were followed by a growing body of research into effects of 

bilingualism, which either expanded the evidence for a bilingual advantage (c.f. Costa, 

Hernández & Sebastián-Gallés, 2008; Colzato et al, 2008), or showed no differences 

between monolinguals and bilinguals (e.g. Morton & Harper, 2007; Paap & Greenberg, 

2013). The question whether a bilingual advantage in general cognitive functioning 

genuinely exists has not been conclusively answered yet. The main issues concern the types 

of bilingualism a potential bilingual advantage would apply to, and the mechanism(s) 

behind it. Because of the lack of conclusive evidence so far, we conducted an experiment 

into the impact of bilingualism on executive control by comparing performance of 

monolinguals and bilinguals on a task-switching test. With a view to potential interactions 

between bilingualism and aging, our focus is on middle-aged and elderly participants. First, 

we briefly discuss evidence and counter-evidence for bilingual effects on the efficiency of 

executive control, particularly in elderly speakers. The aim of this section is twofold: it 

shows how previous studies led to the choice of our task, and it summarizes the main 
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factors that may affect the impact of bilingualism on executive control, so that we can 

control for these factors in our study. 

 

4.2. Bilingualism and general cognitive performance. 

The first publications reporting a bilingual advantage in executive control mostly used 

tasks tapping into inhibition (see Miyake et al., 2000, for their definition of three executive 

functions: set shifting, inhibition and updating of working memory). However, as shown in 

overviews by Costa and colleagues (2009) and Hilchey and Klein (2011), a bilingual 

advantage in inhibition (alternatively referred to as attentional control or conflict resolution) 

was rare; bilinguals more often outperformed monolinguals on both incongruent and 

congruent trials. This effect on overall reaction times was attributed to the monitoring 

processes involved in the implementation of conflict resolution. Consequently, a bilingual 

advantage would be most likely to be found in an interaction of different aspects of 

executive control (c.f.  Bialystok, Craik & Luk, 2012), especially in tasks resembling 

bilingual language use. Good examples of such tasks would be task-switching tests (but for 

a different view, see e.g. Paap & Greenberg, 2013). 

Prior and MacWhinney (2010) conducted an experiment involving bilingual and 

monolingual college students, based on a cued task-switching paradigm. In the mixed 

blocks of this experiment a cue indicates which criterion (color or shape) participants have 

to decide on. Switching costs are defined as the difference in response times (RTs) between 

switch and non-switch trials, and mixing costs as the difference in RTs between single 

blocks, and repeat trials in mixed blocks. The bilinguals showed reduced switching costs, 

which the authors attributed to the improvement of two control processes: the (re)activation 
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of the rule applying to that particular trial and the reconfiguration of the stimulus-response 

mappings belonging to that rule. The authors conclude that bilingualism leads to increased 

flexibility in shifting between mental sets and to increased resistance to proactive 

interference, a subtype of inhibitory control, because this effect has been claimed to be one 

of the mechanisms underlying switch costs (c.f. Philipp, Kalinich, Koch & Schubotz, 2008). 

Thus, bilingualism would affect at least two of the (interacting) executive control 

components defined by Miyake et al. (2000). 

However, some studies based on task-switching paradigms contradict a bilingual 

advantage. Hernández, Martin, Barceló & Costa (2013) do not find group differences in 

switching costs, but the bilinguals were faster in overall reaction times. 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. Paap and Greenberg (2013) compared bilinguals and monolinguals on a cued task- 

switching test and 14 other indicators of executive control and only found a monolingual 

advantage in one measure. In view of the lack of cross-task correlations, the authors 

proposed that effects in executive control tasks are not proper indicators of domain-general 

abilities, and that studies should be based on at least two experiments tapping into the same 

components of executive functioning. Notably, all these studies involved young adults. 

Because of the contradictory results in task-switching experiments, some studies 

investigated effects of linguistic and extra-linguistic factors. Prior and Gollan (2011) 

showed a relation between a bilingual benefit in task switching  and the amount of language 

switching, but found no effect in a second experiment. This finding was confirmed by 

Verreyt et al. (in press), but their assessment of the amount of language switching, by 
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means of self-report, is questionable. Paap, Johnson, Wagner and Eusebio (under review) 

also analyze switching and mixing-costs by frequency of switching but found no effect. The 

amount of language switching can also be related to the amount of balance in the frequency 

of use of languages. For the analyses within the group of early bilingual Frisians, reported 

on in chapter 3, a questionnaire was used to determine their bilingual participants’ degree of 

language balance across the lifespan. This measure correlated negatively with the size of the 

switch effect, suggesting that the more balanced the bilingual is, the lower are the costs 

incurred by switching between tasks. The participants in this study (the same as in the 

current paper) were bilingual in Dutch and Frisian, which are typologically closely related 

languages. The degree of similarity between languages might also affect task results: 

keeping closely-related languages apart might be more difficult than languages that are 

structurally further apart (see also Abutalebi et al., 2014, but see Barac and Bialystok, 2012, 

who found no effect for the degree of language similarity). A few studies (e.g. Costa et al., 

2008 and 2009; Hernandez et al., 2010 and 2013) control for the degree of cognateness of 

languages, but most studies do not (e.g. Bialystok et al., 2004; Prior & MacWhinney, 2010). 

Paap, Darrow, Dalibar and Johnson (2014) looked at effects of “script” similarity on 

executive functioning but found null-results on all tasks, including a color/shape task-

switching test. Lastly, Valian (2015) proposes that bilingualism is one of many challenging 

factors that may affect executive control. Consequently, a failure to find bilingual effects 

could be due to an abundance of other beneficial experiences, which make the benefits of 

bilingualism invisible. In order to rule out that group differences in executive control are 

wrongly attributed to bilingualism, Hilchey and Klein (2011), amongst others, emphasize 

the importance of matching language groups on demographic factors.  
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4.3. Bilingualism and aging. 

We could assume that a potential bilingual advantage would be most easily detectable in 

older adults, since they usually show a decline in executive control (see e.g. Craik & 

Salthouse, 2008), or alternatively, because less exposure to stimulating cognitive activities 

would make effects of bilingualism better visible (Valian, 2015). Still, for adults above age 

65, evidence for bilingual advantages in executive control is scarce, possibly because 

experimental research involving this age-group is complex. Bialystok et al. (2004) found 

that bilingualism significantly attenuated the age-related increase in the size of the Simon 

effect. However, the effects that they reported were unusually large and have not been 

replicated. Bialystok, Craik and Luk (2008) report a reduction for bilinguals of the age-

related increase of the Simon-effect in a Simon arrows-task and a bilingual advantage in the 

Stroop task, but found no effects in a go/no-go and in another version of the Simon task. 

Bialystok, Craik and Ryan (2006) report a bilingual advantage, increasing with age, in all 

conditions of the anti-saccade task except the control condition. Finally, in two alternating-

runs task-switching experiments Gold et al. (2013) found that older, but not younger 

bilinguals incurred lower switch-costs than their monolinguals counterparts, suggesting an 

association between bilingualism and an 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. 
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4.4. Aim and design of this study. 

In this study we opted for a cued task-switching paradigm because of its possible 

resemblance to bilingual language use. We recruited bilingual participants who report 

frequent use and switching between their languages. Since the cognateness of the languages 

may affect results, our study focuses on bilinguals who are fluent in the same, closely-

related language-pairs. Because bilingual effects seem more likely to occur in older adults, 

our study focuses on elderly speakers. With these considerations in mind, we compare 

performance of middle-aged and elderly early bilinguals and functional monolinguals on a 

cued task-switching test. In the same study, a verbal fluency test was administered, which is 

fully reported on in chapter 6. 

Our research questions are, first, whether there are age-related differences, or differences 

between monolinguals and bilinguals, in the efficiency of executive control, reflected in 

switching and mixing costs (c.f. Prior & MacWhinney, 2010). Second, we investigate 

whether there are age-related differences, or differences between monolinguals and 

bilinguals, in overall response times. Lastly, we investigate whether there are interactions 

between bilingualism and aging, either in switching and mixing costs or in overall response 

times. Because we expect an age-related decline in Working Memory span (Chen & Naveh-

Benjamin, 2012; Hoyer & Verhaeghen, 2006), which could interact with the switch and 

mix-effect, we also conduct a Working Memory Test. 
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4.5. Methodology. 

4.5.1.Participants. 

Our experiment involved a group of 50 early bilinguals and a control group of 50 

functional monolinguals. The participants of each language group were equally divided 

over two age groups, i.e. a middle-aged group (35-56 years old) and an elderly group (65-

85). Bilinguals were fluent in Dutch and Frisian, had acquired these languages before age 

six 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. 

Proficiency in additional languages was logged, but not taken into account as an additional 

variable.  

 The functionally monolingual group consisted of 48 speakers of German, living in 

the northwestern part of Germany, and 2 speakers of English, living in the UK. Participants 

of this group filled out a self-assessment report with yes/no questions on their knowledge of 

languages they were familiar with. We chose native speakers of German instead of Dutch as 

a control group because in Germany exposure to foreign languages is much less common 

than in the Netherlands, which makes it possible to find participants with no proficiency in 

foreign languages, regardless of their level of education. Because finding middle-aged 

participants fitting this criterion proved difficult, we included two monolingual speakers of 

English. As German, Dutch and Frisian are closely-related languages, German 

monolinguals seemed an appropriate control group for this study. Besides, because all 

participants were from roughly the same geographic area (the North-Eastern part of the 

Netherlands and the North-Western part of Germany), culturally the groups were also 

highly similar.  
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 In accordance with recommendations in earlier studies (cf. Hilchey & Klein, 2011), 

the language groups were closely matched on demographic factors. Our bilinguals were 

neither bicultural nor immigrants. To match the groups on socioeconomic status, we defined 

the factors occupational level and education. We operationalized occupational level on a 

three-point scale, to give an indication of participants’ occupational prestige and 

concomitant income. Manual or unqualified jobs were rated as 1, jobs requiring advanced 

vocational training as 2, and academic professions, e.g. doctor, lawyer, or teacher in higher 

education as 3. Since education in the Netherlands and Germany is offered at different 

levels, we defined educational level as a factor with a three- point scale. The divisions for 

educational levels in Germany and the Netherlands were matched by German educational 

professionals, living and working in the Netherlands.  All elderly participants lived 

independently, prepared their own meals and led active social lives. Regarding living 

environment, most participants lived in the more rural parts of the north of the Netherlands 

or Germany, but we also controlled for this factor by means of a distinction between living 

in a small village, a large village, a provincial town or a large town. All details on 

demographic factors are presented in Table 1.
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Table 1  Demographic details for the middle-aged and elderly participants, monolinguals 

and bilinguals. Decimals indicate averages, integers represent counts. For more detailed 

information on the scales, please refer to the main text. 

 Middle-aged Elderly 

Factor monolinguals bilinguals monolinguals bilinguals 

Age 48.1 (5.3) 46.3 

(5.6) 

73.7 (4.0) 73.6 

(6.1) 

Gender: male/female 8/17 9/16 13/12 13/12 

Educational level 2.1 (0.9) 1.9 

(0.8) 

2.1 (0.7) 2.2 

(0.7)  

Occupational level 1.9 (0.7) 2.0 

(0.5) 

1.9 (0.4) 2 (0.5) 

Living environment: 

small village/provincial 

town/large town* 

2/15/8 6/17/2 4/15/6 4/21/0 

Musical skills: 

beginner/advanced/semi-

professional 

3/2/0 5/2/0 2/1/2 5/2/1 

Playing computer games: 

Never/seldom/often** 

20/5/0 22/3/0 24/1/0 25/0/0 

 

*Small village < 5000 inhabitants; large village/ provincial town > 5000 inhabitants; 

large town > 180.00 inhabitants    **seldom: no more than 1 hour per day 
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4.5.2. Procedure, general 

All participants were tested in their own homes, during a single experimental session 

lasting ca. 120 minutes. The early bilinguals were tested by the first author of this paper, 

and the monolinguals by this same experimenter or by a German research assistant. To 

ensure that the testing conditions were similar, the procedure was consistently carried out 

according to a written-out script. First, in a test-demo participants were given instructions 

for the computerized version of the task-switching test. Next, they performed the first part 

of this task-switching test, to be followed by a verbal fluency test, and then the second part 

of the task-switching test. The verbal fluency test comprised 3 conditions: phonological 

fluency, requiring participants to name words starting with the same letter, semantic 

fluency, where words had to be named from one specific semantic category, and its 

subcomponent category fluency, where participants had to switch between two semantic 

categories. Then, participants carried out the forward and backward versions of the Corsi 

Blocks test (a spatial working-memory test developed by Corsi (1972), in which 

participants repeat a sequence of blocks, tapped by the examiner, in the correct sequential 

order). Finally, the Frisians filled out a contextualized version of the language background 

questionnaire by Gullberg and Indefrey (2003), which assesses their daily language use 

pattern, their self-rated proficiency and the age at which they acquired their L2 and other 

languages they were familiar with. The monolinguals filled out a questionnaire containing a 

yes-no self-assessment report about their knowledge of languages they were familiar with. 

Both questionnaires also contained questions on personal and educational background and 

on factors that might affect cognitive functioning.  
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4.5.3.Task-switching test 

The task-switching test was based on the experiment reported by Prior and MacWhinney 

(2010). Participants were instructed to react to the appearance of a colored target in 

response to a cue on the computer screen, by pressing one of four buttons on a Serial 

Response Box. Targets were red or green squares or triangles, and cues either a color wheel 

or a black undefinable shape. The test consisted of three blocks: a color block, a shape 

block (the single blocks), and a mixed block. During the color task, participants responded 

to the appearance of a red target with the right index finger, and to that of a green target 

with the right middle finger. During the shape task, they responded to the appearance of a 

triangle with the left index finger, and to that of a square with the left middle finger. During 

mixed-task blocks, the conditions from the single-task blocks were combined and the 

assignment of task to hand and finger was preserved. The buttons of the response box were 

labeled with stickers, with similar stickers attached below the screen, so that participants 

would not have to move their gaze from the screen to the response box to remember the 

instructions. 

 All trials started with the presentation of a fixation cross for 350 ms, followed by a 150 

ms blank screen. Then one of the two task cues appeared, followed after 650 ms by the 

target. Cue and target remained on the screen until the participant’s response. During 

practice trials, participants received written feedback; during experimental trials no 

feedback was given. After the participant’s response a blank screen was presented during 

850 ms, followed by the start of the next trial. 

The first part of the task-switching experiment comprised two single-task blocks (first 

color, then shape), each including 8 practice trials and 24 experimental trials, and one 
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mixed-task block including 8 mixed-task practice trials, followed by 48 experimental trials. 

Participants could only start with experimental trials when at least 80% of their responses 

on  

the practice trials were correct. Furthermore, 2 dummy trials were added before each 

group of experimental trials, which were not included in the analysis. In the mixed block, 

half of the experimental trials were switch trials (i.e., participants had to switch from 

indicating the color, to indicating the shape of the target, or vice versa) and half of them 

non-switch or repetition trials, ordered in a semi-random design with a maximum of 3 

consecutive trials of the same type. The second part of the test comprised the same number 

of trials as the first part, but started with a mixed-task block, to be followed by the single-

task blocks, presented in the opposite order from the first part. Altogether, the experimental 

blocks in this sandwich design contained 48 switch trials, 48 repetition trials, and 96 single-

task trials. 

 

4.6. Results 

4.6.1. Working memory performance 

In Table 2 we report the tapping scores for the forward condition of the Corsi Blocks 

working-memory test. This task condition was least prone to strategies invented by the 

participants and thus provided the most reliable indication of their working- memory span.
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Table 2. Summary of the working-memory scores (Corsi block forward span) for the 

four groups of speakers. 

Bilingualism 

Age 

Average Span Stdev Range 

Monolingual    

Middle-aged 6.4 1.3 3-8 

Elderly 5.6 0.7 4-6 

Bilingual    

Middle-aged  6.3 1.1 4-9 

Elderly 5.8 1.1 4-8 

 

The results show that descriptively, the middle-aged groups show higher working-memory 

scores than the elderly, but that this effect is not modulated by bilingualism. While the 

bilinguals show slightly higher scores than the monolinguals, the difference is small. These 

results were tested in an ANOVA, with Bilingualism (Monolingual vs. Bilingual) and Age 

Group (Middle aged vs. Elderly) as between-subject factors: Forward Span - Bilingualism: 

F(1,96) < 1, ηp
2  = 0.0; Age Group: F(1,96) = 9.143, p = .003, ηp

2  = 0.09; Bilingualism * Age 

Group: F(1,96) < 1, ηp
2  = 0.0. Total forward span - all Fs < 1. 

The results confirm our observations, showing a reliable effect of age on working memory, 

but none of bilingualism. 

 

4.6.2. Reaction time analyses. 

After visual inspection of the response time distributions, response times below 300 and 

above 3000 ms were removed from the dataset (0.4% of observations in the switching costs 
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analysis and 1.2% in the mixing costs analysis). Table 3 provides a summary of the 

response time per condition and age group. 

Table 3. Average response times and standard deviations (in parentheses), and switching 

and mixing costs, in the task-switching test for the four groups of speakers.  

 Single 

Blocks 

Mixed Blocks 

Bilingualism 

Age 

Averag

e Color 

and Shape  

           Repetition  Swit

ch  

Switchi

ng Costs 

Mixing 

Costs 

Monolingual      

Middle-aged 517 

(137) 

667 (159) 780 

(176) 

113 (68) 151 

(120) 

Elderly 647 

(203) 

1047 (205) 1272 

(261) 

225 

(111) 

401 

(170) 

Bilingual      

Middle-aged 498 

(150) 

647 (161) 747 

(214) 

100 (70) 154 

(109) 

Elderly 626 

(210) 

951 (205) 1099 

(255) 

147 (98) 327 

(194) 
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4.6.2.1. Switching costs. 

Figure 1. Switching costs in milliseconds, by age group and language group. 

 

Figure 1 shows the average switching costs per speaker group (monolingual or bilingual) 

and age group (middle-aged or elderly). The graph shows that - on average - only the 

elderly speakers profit from being bilingual: their switching costs are considerably smaller 

than those of the monolingual controls. In contrast, the middle-aged groups show only a 

small difference in switching costs. The averages thus suggest an interaction of the factors 

Bilingualism and Age group. We performed a between-subjects ANOVA on the switching 

costs, with Subject as random factor, to confirm this observation. The results show a 

significant effect of Bilingualism (F(1,96) = 6.56, p = .012, ηp
2  = .06), a significant effect of 

age group (F(1,96) = 20.13, p < .001, ηp
2  = 0.17), but only a marginally significant 

interaction (F(1,96) = 3.36, p = .07, ηp
2  = 0.03). Taken together, these results are clearly at 

odds with the pattern that we see in the averages, which clearly suggest that the main effect 

of bilingualism that we find in the ANOVA is in fact driven by the group of elderly 

subjects. What are possible reasons for this discrepancy? We considered two factors that 
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might affect the actual data pattern, but that are not mirrored appropriately in our 2x2 

ANOVA. The first and most important factor is the arbitrary nature of the age groups. 

While a division in middle-aged and elderly groups, and the group boundaries that we 

chose, make intuitive sense, it is in fact unclear whether these groups reflect the effect of 

age best. In fact, there is no independent theoretical reason for the artificial dichotomy. In 

contrast, avoiding such a dichotomy follows current recommendations for the analysis of 

psycholinguistic data (Baayen, 2004). Second, the ANOVA does not take into account 

possible confounding effects of individual differences in working memory capacity. Based 

on these considerations, we decided to re-analyze the data with a more fine-grained method 

that allows us to explain both the variance that is due to age and the variance due to 

working memory in much more detail. Additionally, to counteract possible effects of a 

positive skew of the data, we performed all these analyses on the log-transformed response 

times. 

  We fitted a Linear Mixed Effect Model to the data. The fixed effects that were included in 

the model were Bilingualism (two levels, monolingual vs. bilingual), Age (continuous, 

centered, with an average of sixty years), Trial Type (within-subject, two levels, repetition 

trials vs. switch trials), Memory Span (Corsi Forward Span, continuous, centered) as well as 

the full set of interactions. By including age as a continuous rather than a categorical factor, 

we could include the full range of age-related variance in our model. As random effects, by-

subject random intercepts were included, with by-subject random slopes for the factor Trial 

Type. For reporting purposes, we here convert the estimates back to the RT scale (for exact, 

log-scale estimates, standard errors and t-values, please refer to the Appendix 1, Table A.1). 

Here, we present a summary of the results, both in terms of the original parameters and in in 

terms of the derived non-log response time effects, as those are easier to interpret. 
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Following Baayen, Davidson and Bates (2008, p. 398), estimates are considered significant 

if the absolute t-value exceeds two. The predicted response times for a specific condition 

can be calculated as the sum of the unconditional expected mean and all relevant 

(combinations of) factor levels. Here, the unconditional expected mean 742 ms represents 

the condition in which a monolingual sixty-year old participant with an average Corsi 

Forward span responds to a repetition trial. 

 According to the fitted model, the response times in the switch trials are 

significantly longer than in the repetition trials (switching costs, 167 ms, β = 0.2, SE = 0.01, 

t = 15.6) and further increase with Age (9 ms, β =0.01, SE = 0.002, t = 5.16). While there is 

no reliable overall speed-up related to the factors Bilingualism or Memory Span, we find 

that the response times in the switch trials are further modulated by both Bilingualism and 

Age: bilinguals are slowed down by the switching condition significantly less so than their 

monolingual counterparts (2 ms per year of age, β = -0.003, SE = 0.001, t = -2.16). The 

effects of Memory Span are largely non-significant, with one exception: in the bilingual 

speakers, the effect of age is further modulated by Memory Span (6 ms, β =0.01, SE = 

0.003, t = 2.24). A formal model comparison of the present model with a model that does 

not include an effect of Memory span shows that the present model is superior (Χ
2
= 15.975, 

p = 0.0427).  

 Taken together, we replicate Prior and MacWhinney's (2010) finding of smaller 

switching costs in bilinguals (167 - 35= 132 ms). However, this effect is modulated by age: 

while the effect size for subjects at the younger end of our spectrum is relatively small, we 

find that the benefits of bilingualism mostly concern a reduction of the slow-down related to 
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age (9 + 3  = 12 ms  per year for the monolinguals vs. 9 + 3 - 2  = 10 ms per year for the 

bilinguals).  

 

4.6.2.2. Mixing costs. 

Figure 2. Mixing costs in milliseconds, by age group and language group. 

 

Figure 2 shows the average mixing costs per speaker group (monolingual or bilingual) 

and age group (middle-aged or elderly). The graph shows that - on average - only the 

elderly speakers seem to profit from being bilingual: their mixing costs are somewhat 

smaller than those of the monolingual controls. In contrast, the middle-aged groups show no 

difference in mixing costs. In addition, the averages suggest a strong effect of age group, as 

the average mixing costs for the elderly groups of speakers are more than twice as high as 

those for the middle-aged speakers. The averages thus suggest a main effect of age group 

and possible an interaction of the factors Bilingualism and Age group. In contrast to the 

averages of the switching costs, there is no reason to assume a main effect of Bilingualism, 

as any effects of Bilingualism should be driven by the group of elderly speakers, only. We 
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performed a between-subjects ANOVA on the mixing costs, with Subject as random factor, 

to confirm our observations. The results confirm the lack of a significant effect of 

Bilingualism (F(1,96) = 1.40, p = .24, ηp
2  = 0.01), a significant effect of age group (F(1,96) 

= 48.28, p < .001, ηp
2  = 0.33), and the lack of a significant interaction (F(1,96) = 1.60, p = 

.21, ηp
2  = 0.02). Taken together, these results match the pattern that we see in the averages, 

with the only reliable effect being the one of age group. 

For the sake of completeness, we decided to fit a Linear Mixed Effect Model to these data 

as well. The analyses confirm the results of the ANOVA. While the factor Working 

Memory makes a significant contribution to the model, it does not surface as a significant 

effect by itself. For a detailed description of the results of the LME, please refer to 

Appendix 2.  

 

4.7. General discussion  

The main objective of this study was to answer the question whether lifelong 

bilingualism can be associated with enhanced executive control, particularly mental 

flexibility. We therefore compared performance of bilinguals and monolinguals in a cued 

task-switching test and a spatial working-memory test. In contrast to previous studies, our 

bilinguals were fluent in the same, closely-related language pairs. We also investigated 

whether bilingualism can be associated with a modulation of an age-related decline in 

executive control, by focusing on middle-aged and elderly participants. Following a study 

by Prior and MacWhinney (2010), we focused on the switch effect (the difference between 

repetition and switch trials) and the mix effect (the difference between single block trials 
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and repetition trials in mixed blocks). Additionally, we looked at differences between 

language-groups in overall response times. Finally, our study tested age-related effects. As 

expected (c.f. Chen & Naveh-Benjamin, 2012; Hoyer & Verhaeghen, 2006), we found an 

age-related decline in Working Memory span. To make sure that any age-related effects 

were not in fact driven by this factor, we included Working Memory span as a separate 

factor in the analyses of our results.  

Our results show a small, but significant positive age-related effect on switching costs, 

which is in line with the results of previous studies (Kray, Li and Lindenberger, 2002). The 

bilinguals also incurred significantly lower switching costs than the monolinguals, which 

confirms the results reported by Prior and MacWhinney. However, the effect we found is 

most pronounced in elderly speakers and hardly visible for middle-aged participants. This 

contradicts the findings by Prior and MacWhinney, but is in line with the study by Gold et 

al. (2013). Thus, the most important effect we found is that the bilinguals were less affected 

by an age-related increase in switching costs than the monolinguals. This finding is in line 

with Bialystok et al. (2006), Bialystok et al. (2008) and Gold et al. (2013), who report a 

modulation in bilinguals of the age-related decline of executive control. 

For both language-groups, the mixing costs significantly increased with age, too. This 

finding is consistent with some earlier findings (Kray & Lindenberger, 2000; Reimers & 

Maylor, 2005), but contradicts the study by Kray, Li and Lindenberger (2002); however, 

this study involved different age-groups. We found no differences between the language-

groups in the size of the mix effect, which confirms the results reported by Prior and 

MacWhinney (2010). There was no significant interaction between the factors aging and 
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bilingualism either. Probably, the high variability within the elderly groups prevented this 

interaction from becoming significant.  

Finally, we found an age-related increase in overall response times, indicating slower 

processing speed in the elderly. Again, this finding confirms earlier findings (c.f. Cerella & 

Hale, 1994; Salthouse, 2000; Eckert, 2011). However, we did not find an association 

between overall response times and bilingualism, nor did bilingualism modulate the age-

related increase in response times. 

Since our results show an advantage for the bilingual group, it seems logical to propose 

that lifelong bilingualism has resulted in an enhancement of a number of interacting 

executive control processes. More specifically, the lower switching costs for the bilinguals 

suggest that bilingualism has boosted their ability to switch between mental sets (c.f. 

Miyake et al., 2000). Additionally, bilingualism may have resulted in increased resistance to 

proactive interference, a mechanism underlying switching costs (c.f. Philipp, Kalinich, 

Koch & Schubotz, 2008). On this view, the advantage for the bilinguals suggests that they 

partly depend on domain-general executive control mechanisms to achieve language control 

(c.f. Gollan, Sandoval & Salmon, 2011; Costa, Miozzo & Caramazza, 1999). The fact that 

the language groups did not differ in the size of the mixing costs suggests that there is no 

specific bilingual advantage in the resistance to distractor interference (Friedman & 

Miyake, 2004). Finally, the bilingual advantage that we found in switching costs may be 

related to the fact that our bilinguals were fluent in highly cognate languages. Just like the 

results of other studies on the bilingual advantage, it is therefore not a priori generalizable 

to other types of bilingualism, but its contribution to the research field is that it can be 

added to similar evidence in studies involving other language pairs. 
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However, as we observed above, the small difference in switching costs between middle-

aged monolinguals and bilinguals contradicts the study by Prior and MacWhinney (2010), 

who found an advantage for young bilingual adults. One possible explanation for this 

inconsistency relates to the configuration of our task. Several studies (c.f. Meiran, 2000; 

Rogers & Monsell, 1995) show a strong negative correlation between switching costs and 

the time interval between the presentation of the cue and the target, and also that between 

the response on a trial and the start of the subsequent trial (Kiesel & Hoffmann, 2004). 

Because our study also looked at age-related effects, the time intervals were kept constant, 

making them relatively long for middle-aged participants. Consequently, for this group the 

test may not have been optimally fine-tuned to register potential differences between 

language-groups. Still, the middle-aged participants also incurred significant switching 

costs, which makes this explanation less likely. We therefore acknowledge the possibility 

that the advantage for the bilinguals may not have been caused by their language experience 

(c.f. Hilchey & Klein, 2011; Paap, 2014; Valian, 2015). The bilinguals in our study were 

not immigrants, and our participants were matched on demographic variables (see Table 1). 

Still, it cannot be ruled out that our results are confounded by factors that we have not taken 

into account, related for instance to events or behaviors that occurred earlier in the lifespan. 

As we argued in the background section, studies on the bilingual advantage should 

ideally comprise two tasks reflecting the same components of executive functioning (c.f. 

Paap & Greenberg, 2013). Our experiment did not entail two such tests, but an analysis 

within the bilingual group (see chapter 3) reported significant correlations between 

language balance, the switch effect and the category switching condition of the verbal 
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fluency test
1
. We propose that these correlations demonstrate cross-task validity, and that 

the effect of the factor language balance in both tasks confirms evidence for a bilingual 

effect. As this effect was found within one population, demographic factors cannot have 

confounded the results.  

Finally, as stated in the method section, we limited the working-memory load imposed 

by the test by using additional stickers slightly below the screen. The finding that effects 

and interactions of age, trial type and bilingualism are still found, even with the factor 

working memory included in the model, shows that the process of switching between tasks 

is not merely a function of working memory, but also taps into the separate function of set-

shifting. Moreover, the fact that inclusion of the factor working memory improves the 

model and explains extra variance suggests that it does not simply reflect an age-related 

effect, but taps into the separate executive function of “updating information”, separable 

from but correlated with the construct of “switching between mental sets” (c.f. Miyake et 

al., 2000). 

 

4.8. Conclusion 

In a cued task-switching test, older bilinguals incurred lower switching costs than 

monolinguals. Although this bilingual advantage may be attributable to confounding 

                                                           
11

 The correlation coefficients (with significance values between brackets) for language 

balance and the switch effect was r = -.423 (.002**), for language balance and category 

switching r = .481 (.000**), for the switch effect and category switching r =-.295 (.038*). 
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factors, this effect may also be due to an enhancement by bilingualism of the efficiency of 

executive control, since the language-groups were matched carefully on demographic 

variables. Moreover, significant correlations between the factor language balance, the 

switch effect and the category switching condition of the verbal fluency test within the same 

bilingual group (reported in chapter 3), support evidence for a bilingual effect. The fact that 

this study found an advantage for bilinguals may be attributable to the specific task, and to 

the fact that the bilinguals were fluent in closely-related languages. We also found an age-

related increase in the switch and the mix effect, and a modulation of the age-related 

increase of the switch effect for the bilinguals. The latter finding suggests an association 

between bilingualism and a modulation of the age-related decrease in the efficiency of 

executive control, particularly switching between mental sets, and improved resistance to 

proactive interference.  

Our study raises a number of questions for further research.  First, our task-switching 

implementation does not allow to disentangle the effects of two cognitive processes 

embedded in the switch costs, namely reactivation vs. reconfiguration of stimulus-response 

mappings. Barcélo (2003) and Hernández et el. (2013) employed a different task-switching 

test that distinguishes between these effects. This particular task implementation might 

reveal whether a bilingual advantage in switching costs reflects not only more efficient S-R 

reconfiguration processes, but also better S-R reactivation, which is more clearly linked to 

inhibitory processes, particularly proactive interference. Secondly, in some previous 

studies, bilinguals outperformed the monolingual peers only initially, with the monolinguals 

“catching up” after a number of trials (e.g. Bialystok et al. 2004). This phenomenon did not 

occur in our experiment. A study focusing on time-course analyses of task-switching data 

could throw light on the development of monolingual and bilingual performance over time. 



106 
 

Lastly, all bilinguals in this study acquired proficiency in their languages before age six. In 

the next chapter, we report on a study involving bilinguals who acquired their second 

language after puberty, which might provide more insight into the mechanisms behind 

potential bilingual effects. Yet, while it is true that many issues in the debate about a 

bilingual cognitive advantage still have to be solved, we propose that this paper provides 

compelling evidence for an advantage in task-switching for elderly bilinguals over their 

monolingual counterparts, which could well be attributable to the lifelong experience of 

speaking more than one language. 

In this chapter, we reported on a comparison of the performance of the early bilinguals and 

the monolinguals on the general cognitive task. Chapter 5 compares the performance on the 

same cognitive task of these groups with that of a group of late bilinguals. 
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Chapter 5  

An advantage in task switching for late bilinguals proficient in related languages. 

 

Abstract 

This study investigated whether the association that was found in an earlier study between 

lifelong bilingualism and enhanced executive control, particularly mental flexibility, and 

with a modulation of an age-related decline in these functions, extends to individuals who 

acquired their second language after age 20. We thereto compared performance of middle-

aged and elderly late bilingual speakers of German and Dutch to that of early bilingual 

speakers of Dutch and Frisian and of functionally monolingual speakers of German, in a 

cued task-switching paradigm. Both bilingual groups incurred significantly lower switching 

costs than the monolinguals, and elderly bilinguals were less affected by an age-related 

increase in switching costs than monolinguals. There were no differences between early and 

late bilinguals in the switching costs, and bilinguals did not differ from monolinguals in 

mixing costs. Analyses within the late bilingual group did not show significant correlations 

between the switch or the mix effect and any language-related factor. We propose that the 

experience of speaking more than one language, although the second one was acquired at a 

later age, may have enhanced the efficiency of executive control, particularly mental 

flexibility and resistance to proactive interference. The presence of this effect may be 

attributable to the choice of the task and to the cognateness of the languages involved. 

However, the fact that the late bilinguals were immigrants may also have played a role in 

this effect.  
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This chapter was submitted as a paper to a peer reviewed journal: 

Houtzager, N., & Sprenger, S. (under review). An advantage in task switching for late 

bilinguals proficient in related languages. 
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5.1. Introduction. 

In spite of an increasing amount of research, the question to what extent bilingualism can 

affect general, non-verbal cognitive functioning has not conclusively been answered yet. 

Approximately fifteen years ago, Bialystok and her research group reported evidence that 

bilingual children were better than monolingual children at handling non-linguistic tasks 

that contained conflicting or misleading information (cf. Bialystok & Martin, 2004). This 

marked the beginning of a large number of studies  into the question whether bilingualism 

can lead to an enhancement of general cognitive functions tapping into executive control. 

Whereas a number of studies reported a bilingual advantage, other studies found no 

differences in performance on executive control tasks between language groups (for 

reviews, cf. Costa et al., 2009; Hilchey & Klein, 2011). To confuse matters even more, 

there seems to be no general agreement on what criteria participants in experimental studies 

on bilingualism have to fit in order to qualify as bilinguals. This evokes the question how 

much, and which part of the bilingual experience, is necessary to lead to a potential 

cognitive advantage. Is it the degree of proficiency in a bilingual’s languages or the amount 

and/or recency of use that matters? And related to that question, is it essential for the 

additional language to be learnt simultaneously with the first one, or can for instance 

bilingualism attained at a later age lead to cognitive advantages as well? This study 

investigates whether late bilinguals, i.e. bilinguals who acquired their second language (L2) 

after puberty, differ in the efficiency of executive control functions from monolinguals and 

early bilinguals. With this aim, we compare performance on a task-switching test between 

groups of adult late bilinguals, early bilinguals and monolingual controls.  
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5.2. Theoretical background. 

The concept of executive control is generally taken to refer to a number of high-level 

cognitive functions, which ‘allow us to shift our mind set quickly and adapt to diverse 

situations while at the same time inhibiting inappropriate behaviours’ (Jurado & Rosselli, 

2007, p. 233). The research into bilingualism and executive control is generally based on an 

authoritative study by Miyake et al. (2000), who defined the concept as three separable, but 

correlating functions:  updating (Working Memory), inhibition, and mental flexibility or 

shifting between mental sets. The bilingual cognitive advantage that some studies found 

was initially attributed to an increased efficiency of inhibitory functions (cf. Bialystok, 

2009), but overviews by Costa et al. (2009) and Hilchey and Klein (2011) of studies using 

attentional control tasks showed that a bilingual advantage in conflict resolution was 

relatively rare. If a bilingual advantage was reported at all, it was most often reflected in 

faster reaction times on both congruent and incongruent trials. Costa and colleagues (2009) 

therefore suggested that the 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) defined the mechanism underlying a potential bilingual 

cognitive advantage as a “more global conflict-monitoring system”, and Bialystok, Craik 

and Luk (2012) agreed that the advantage probably reflects interactions of several executive 

control processes. 

When the hypothesis that a single, language-specific inhibitory control mechanism could 

explain the bilingual advantage was abandoned, the focus shifted to models based on a 

dynamic interplay between different cognitive control components, as suggested by 

Bialystok et al (2012). Cued task-switching tests are often used in experiments based on 
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these models: they require participants to switch in response to a cue, and therefore tap into 

both set-shifting and monitoring, and into the interaction of these processes (cf. Rubin & 

Meiran, 2005). It has been proposed that these tests also closely resemble bilingual 

language use, where speakers have to suppress the non-target language, while at the same 

time monitoring the linguistic context and other environmental cues (c.f. Bialystok et al, 

2012, but see e.g. Paap & Greenberg, 2013 & Morton, 2014, for different views). Prior and 

MacWhinney (2010) report an advantage in switching costs for bilingual compared to 

monolingual college students in a cued task-switching paradigm. Similar bilingual 

advantages in task switching were reported by Prior and Gollan (2011), Gold, Kim, Johnson 

et al. (2013) and in the previous chapter of this dissertation. However, Hernández, Martin, 

Barceló & Costa (2013), in experiments involving Spanish/Catalan bilinguals, only report 

an advantage for bilinguals in overall reaction times, and Paap and Greenberg (2013), 

comparing groups of bilingual and monolingual college students on 15 indicators of 

executive control including task switching, only found one group difference, i.e. an 

advantage for monolinguals. Moreover, the absence of consistent cross-task correlations in 

Paap and Greenberg’s results suggested that these executive control tasks are not proper 

indicators of domain-general abilities. Paap and Greenberg therefore recommend  that 

studies should be based on at least two experiments tapping into the same components of 

executive functioning.  

 

5.2.1. Variables affecting task performance. 

Another problem that arises in experimental studies comparing bilinguals and 

monolinguals is that there are many factors, besides being bilingual or not, that may affect 
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the efficiency of executive control. Valian (2015) even suggested that bilingualism might be 

‘just one’ of many challenging experiences having such an effect, and that the visibility of 

potential bilingual effects may depend on the presence and relative strength of these other 

factors. Recent studies have therefore emphasized the importance of matching language 

groups on demographic factors, or else to regress the variance caused by them out 

statistically, to rule out that group differences are wrongly attributed to bilingualism (cf. 

Hilchey & Klein, 2011; Paap and Greenberg, 2013; Paap, 2014). Musical expertise, 

computer skills and amount of physical exercise have all been named as factors potentially 

affecting executive control. Another confounding factor in experimental research is 

immigrant status: Fuller-Thomson and Kuh (2014) argue that the ‘healthy migrant effect’ – 

i.e., evidence that immigrants have better morbidity and mortality outcomes than non-

immigrants, after adjustment for socio-economic status- may explain the outcomes of some 

studies into the bilingual advantage. 

A number of language-related factors, besides demographic ones, may also affect task 

results. The cognateness of the languages involved was controlled for in the study reported 

on in chapter 3. Other studies look at the role of language dominance and language balance 

(cf. Treffers-Daller & Korybski, 2015), the implication being that more balanced bilinguals 

would have more experience in language switching (see chapter 3). Recently, some studies 

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

performance on executive control tasks (e.g. Prior & Gollan, 2011; Soveri, Rodriguez-

Fornells & Laine, 2013;  Verreyt, Woumans, Vandelanotte, Szmalec & Duyck, 2015).  

Other language-related  issues are whether a bilingual also needs full, native-like 

proficiency in the L2 for effects to take place. Morton (2014, p. 929) observed that a large 
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amount of studies claim to be testing bilinguals, but do not even measure participants’ 

language proficiency in their L1 or L2. Another crucial question is, whether the L2 needs to 

have been acquired before a certain age. So far, only few studies have looked into effects of 

age of onset of bilingualism on efficiency of executive control. Luk, De Sa and Bialystok 

(2011) report that a group of early bilinguals of ca. 20 years old outperformed their late 

bilingual and their 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. However, because of the age of the participants, the factors age 

of onset vs duration of bilingualism could not be disentangled. Still, a correlation analysis 

conducted over the entire sample showed that earlier and continuing bilingualism correlated 

positively with task performance. 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 faster 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 their language use than the early bilinguals, 

the authors suggest that 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 Luk et al.’s conclusion that there is no 

indication that after a certain age of onset bilingualism would no longer lead to 

enhancement of executive control.  However, the age of the samples in these studies does 
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not allow a distinction between the variables onset age vs. duration of bilingualism. This 

indicates the need for a study involving groups of middle-aged or older adults, because this 

provides the opportunity to test the effects of these variables separately.  

Two more observations call for a study involving middle-aged and older late bilinguals. 

First, a few studies report an association between bilingualism and a modulation of an age-

related decline of executive control (Bialystok, Craik & Luk, 2008a; Bialystok, Craik & 

Ryan, 2006; Gold et al., 2013; chapter 4 of this dissertation). A study involving middle-

aged and elderly late bilinguals can explore the question whether such an association 

extends to bilingualism acquired at a later age, too. Finally, groups of middle-aged and 

elderly late bilinguals tend to be fairly heterogeneous, both in language background and 

proficiency, which enables an investigation of effects of linguistic factors on executive 

control by means of a within-group analysis.  

The above considerations inspired us to start a research project that compares groups of 

middle-aged and elderly monolingual and bilinguals in a cued task-switching paradigm. In 

chapter 4 we reported on the performance of monolinguals and early bilinguals (=L2 

acquired before age 6) in this same experiment. The primary focus of the present chapter is 

a comparison of the late bilinguals with their monolingual and early bilingual counterparts. 

On the basis of earlier studies (Tao et al., 2011; Pelham & Abrams, 2014), we hypothesize 

that the late bilinguals will outperform the monolinguals, but since Luk et al. (2011) found 

positive correlations between earlier and continuing bilingualism and task performance, we 

also hypothesize that the early bilinguals will outperform the late bilinguals. Because in an 

earlier study (reported on in chapter 4) we only found a difference between language groups 

in the size of the switch effect but not in the mix effect, we expect these differences 
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between late bilinguals and the other two language groups only in switching costs. Second, 

we expect an age-related decline in the efficiency of executive control in all groups, which 

will be reflected both in the size of the switch and the mix effect. We hypothesize that for 

the late bilinguals this decline will be smaller than for the monolinguals, but larger than for 

the early bilinguals. Third, in accordance with the results from the previous chapter. we 

expect an age-related increase in the overall response times, but no effects of language 

group, and no interactions between overall response times, language group and aging. The 

second focus of our study concerns an analysis within the group of late bilinguals. We 

hypothesize that executive control efficiency in this group will correlate positively with the 

variables age of onset, years passed since immigration/duration of bilingualism and L2 

proficiency.  

Finally, in the same study two other tests were administered. In the first place, we 

conducted a verbal fluency test, to investigate differences in performance in linguistic 

functioning between bilinguals and monolinguals; this part of our study is reported on in 

chapter 6. Another reason for conducting a verbal fluency test is that it enables us to 

measure our participants’ language proficiency: in the case of the late bilinguals, this 

concerned their L1. We decided to test their L2 proficiency by means of a Lexical Decision 

test instead of administering a second verbal fluency test, because we were concerned about 

possible interference effects with the same test in their L1. Lastly, we conducted a Corsi 

Blocks spatial Working Memory Test, because we expect an age-related decline in Working 

Memory span (Chen & Naveh-Benjamin, 2012; Hoyer & Verhaeghen, 2006), which could 

interact with the switch and the mix effect. 
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5.3. Methodology. 

5.3.1. Participants. 

Our experiment involved three different language groups, namely a control group of 

functional monolinguals, a group of early bilinguals and a group of late bilinguals. In the 

original design of the experiment, we also defined a middle-aged group (35-56 years old) 

and an elderly group (65-85), with the participants of each language group equally divided 

over these age groups. The functionally monolingual group was composed of 48 speakers of 

German, living in the northwestern part of Germany, and 2 speakers of English, living in 

the UK. 25 participants belonged to the middle-aged group (mean age 48.1, SD 5.3) and 25 

to the elderly group (mean age 73.7, SD 4.0). 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 any language they were familiar with. Of the middle-

aged group, 8 participants were male, and 17 female; of the elderly group, 13 participants 

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

native speakers of Dutch, because it would be virtually impossible to find monolinguals in 

the Netherlands who would match the other two language groups in 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 limited, which makes it is still possible to find 

“functional monolinguals” in Germany, especially for the elderly age group. For the 

middle-aged group, finding participants who fitted this criterion already proved more 

difficult, which explains why we included two monolingual speakers of English in this 

group. As German, Dutch and Frisian are very closely-related West Germanic languages, 

sharing many cognates and other linguistic features, German monolinguals seemed to be an 
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appropriate control group for comparing bilinguals and monolinguals. Participants were 

only defined as functionally monolingual when they had never actively used a dialect either.  

The early bilingual group was composed of 50 speakers of Dutch and Frisian; 25 

participants belonged to the middle-aged group (mean age 46, SD 5.7), and 25 to the elderly 

age-group (mean age 73.2, SD 6.2). Of the middle-aged group, 9 participants were male, 

and 16 female; of the elderly group, 13 participants were male and 12 female.  All the early 

bilinguals participants were fluent in both Frisian and Dutch, had acquired them 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 

and to German. Thus, within each bilingual group, all participants were bilingual in the 

same language pairs (either Dutch/German or Dutch/Frisian). For both the early and late 

bilinguals, knowledge of additional languages, learned after age 12, was logged 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.  

The late bilingual group originally comprised 50 speakers of German and Dutch; 25 

participants belonged to the middle-aged age-group (mean age 48.1, SD 5.6), and 25 to the 

elderly age-group (mean age 72.4, SD 3.2). Of the  aged group, 4 participants were male, 

and 21 female; of the elderly group, 7 participants were male and 18 female.  Because in the 

analysis we conducted on the data of our monolinguals and early bilingual we found that it 

was better to use age as a continuous variable, we decided to also include the data of 15 

more late bilingual participants between age 56 and 68. The mean age of this group was 

63.5 (SD 2.2). This implied that in total there were 65 late bilinguals, with a mean age of 61 

(SD 11.5). 
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Of this late bilingual group, 54 participants had spoken German during the first part of 

their lives, and 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.  

Most participants were recruited via the personal network of the first author of this 

paper, or via the network of the German student assistant. Participants from both language 

groups were selected also according to educational background: they had at least 4 years of 

secondary education.  

In accordance with recommendations by Hilchey and Klein (2011), Paap and Greenberg 

(2013) and Paap (2014), the language groups were matched on demographic factors as 

much as possible.  Importantly, our early bilinguals were not bicultural, nor were they 

immigrants; speaking two languages was not a matter of choice, but a result of being born 

in a bilingual region. To conform to the recommendation (Paap & Greenberg, 2013) to 

match language groups on socioeconomic status, we defined the factors occupational level 

and education. We operationalized occupational level on a three-point scale, to give an 

indication of participants’ occupational prestige and concomitant income. Manual or 

unqualified jobs were rated as 1, jobs requiring advanced vocational training as 2, and 

academic professions, e.g. doctor, lawyer, or teacher in higher education as 3. Concerning 

education, we recruited exclusively participants with at least 4 years of secondary 

education. Moreover, since education in the Netherlands and Germany is offered at 

different levels, we defined educational level as a factor with a three- point scale. The 

German student assistant and a qualified German teacher working in the Netherlands made 

sure that the divisions for educational levels in Germany and the Netherlands were matched. 
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Regarding the elderly groups, all participants still lived independently, prepared their own 

meals and led active social lives. Regarding living environment, most participants lived in 

the more rural parts of the north of the Netherlands or Germany, but we also controlled for 

this factor by means of a distinction between living in a small village, a large village, a 

provincial town or a large town. Lastly, two other factors which have been claimed to affect 

executive functions - musical experience and video gaming- were also controlled for.  All 

details on demographic factors are presented in Table 1. 

Table 1. Demographic details about the participants. 

Factor Middle-aged Elderly 

Bilingualism mono early late mono early late 

Age 

48.1 

(5.3) 

46.3 

(5.6) 

48.1 

(5.6) 

73.7 

(4.0) 

73.6 

(6.1) 

69 

(5.2)  

 

Gender: male/female 
8/17 9/16 4/21 13/1

2 

13/1

2 

11/2

9   

Educational level 
2.1 

(0.9) 

1.9 

(0.8) 

2.4 

(0.8) 

2.1 

(0.7) 

2.2 

(0.7)  

2.1 

(0.7) 

Occupational level 
1.9 

(0.7) 

2.0 

(0.5) 

2.2 

(0.9) 

1.9 

(0.4) 

2 

(0.5) 

2 

(0.7) 

Living environment: 

small village/provincial 

town/large town* 

2/15/

8 

6/17/

2 

6/10/

9 

4/15/

6 

4/21/

0 

21/1

6/3 

 

Musical skills: 

beginner/advanced/(semi)-

professional 

3/2/0 5/2/0 6/1/4 2/1/2 5/2/1 15/1/

1 

 

Playing computer 

games: 

Never/seldom/often** 

20/5/

0 

22/3/

0 

22/2/

1 

24/1/

0 

25/0/

0 

33/6/

1 
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5.3.2. Procedure, general 

Both the early and the late bilingual participants were tested by the same experimenter, 

the first author of this paper, in their own homes, during a single experimental session 

lasting ca. 120 minutes. The functionally monolingual participants were also tested in their 

own homes, either by this same experimenter or by a German student assistant. To make 

sure that the testing conditions for all participants were similar, the entire procedure was 

carried out according to a written-out script. First, in a test-demo participants were given 

instructions for the computerized version of the task-switching test. Next, they performed 

the first part of this task-switching test, to be followed by a verbal fluency test, and then the 

second part of the task-switching test. Subsequently, participants carried out the forward 

and backward versions of the Corsi Blocks test (a spatial working-memory test) and were 

given a questionnaire that was adapted from the language background questionnaire by 

Gullberg and Indefrey (2003). In the case of the control group, the questionnaire also 

contained a self-assessment report with yes/no questions about their knowledge of and 

proficiency in any language they were familiar with. Additionally, between the Corsi 

Blocks test and the questionnaire, the late bilinguals performed a computerized version of a 

word recognition test in their L2.  

 

5.3.3. Task-switching test 

This test was based on the experiment reported by Prior and MacWhinney (2010), who 

adapted their procedure from Rubin and Meiran (2005). Participants were seated ca. 60-80 

cm from a 15.4 inch laptop monitor screen and had to respond to objects presented on this 

screen, by pressing buttons on a Serial Response Box (produced by Psychological Software 
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Tools Inc., Pittsburgh, PA). Experimental script and data collection were managed by the E-

prime computer program for response time measurement. Before the actual test, participants 

were presented with a set of instructions, also programmed in E-prime, to familiarize them 

with the test procedure. The test itself consisted of three blocks, all comprising a set of 

instructions, to be followed by a number of practice trials and experimental trials. Trials 

started with the presentation of a fixation cross for 350 ms., followed by a 150 ms. blank 

screen. Then a task cue appeared on the screen for 650 ms, slightly above the fixation cross. 

For the color task the cue was a color wheel and for the shape task a black undefinable 

shape. While the task cue remained on the screen, the target appeared in the center of the 

screen. Targets were either red or green squares or triangles and did not contain any 

linguistic information. Cue and target remained on the screen until the participant 

responded or for a maximum duration of 7 seconds. Practice trials differed from 

experimental trials in that written feedback on the screen informed participants whether 

their response was correct or not. After the participant’s response a blank screen was 

presented during 850 ms., which was followed by the start of the next trial. 

During single-task blocks, the color task had to be performed with the right hand, and the 

shape task with the left hand. During the color task, participants were instructed to respond 

to the appearance of a red object with the index finger, and to that of a green object with the 

middle finger, while ignoring the shape of the object. During the shape task, they had to 

respond to the appearance of a triangle with the index finger, and to that of a square with 

the middle finger, while ignoring the color of the object. During mixed-task blocks, the 

conditions from the single-task blocks were combined and the assignment of task to hand 

and finger was preserved. This implied that during each individual trial, the appearance of 

either the color circle or the black shape, slightly before the presentation of the target, 
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required participants either to focus on the color of the object and ignore its shape, or to 

focus on the shape of the object and ignore its color. The buttons of the Serial Response 

Box to be used for the color task were labeled with red or green stickers, and the buttons to 

be used for the shape tasks with stickers showing a triangle or a square in black and white, 

with similar stickers attached slightly above the buttons. Additionally, the same stickers 

were pasted slightly below the screen, so that participants would not have to move their 

gaze from the screen to the Serial Response Box to remember the instructions, thus 

reducing potential time-delay because of working-memory load. 

The task-switching experiment consisted of two parts. The first part comprised two 

single-task blocks (first color, then shape), each including 8 practice trials followed by 24 

experimental trials, and one mixed-task block including 8 mixed-task practice trials, 

followed by 48 experimental trials. In both the single and mixed-task blocks, participants 

could only start with the experimental trials when at least 80% of their responses on the 

practice trials were correct. Furthermore, 2 dummy trials were added before each group of 

experimental trials, to reduce effects of time-delay because of starting problems. These 

dummy trials were not included in the analysis. In the mixed block, half of the experimental 

trials were switch trials (i.e., participants had to switch from indicating the color, to 

indicating the shape of the target, or vice versa) and half of them repetition trials (i.e. they 

had to focus on the same criterion as in the previous trial), ordered in a semi-random design 

with a maximum of 3 consecutive trials of the same type. After a break, during which 

participants did the verbal fluency test, the second part of the task-switching test was 

administered. This part started with a mixed-task block, which comprised 8 practice trials 

and 48 experimental trials, again preceded by 2 dummy trials. The mixed-task block was 

followed by two single-task blocks, again comprising 8 practice trials, 2 dummy trials and 
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24 experimental trials, and presented in the opposite order from the first part. Altogether, 

the experimental blocks in this sandwich design contained 48 switch, 48 repetition trials, 

and 96 single-task trials (48 color and 48 shape). 

 

5.3.4. Lexical Decision Test 

This test measured visual word recognition and was presented on 15.4 inch laptop 

monitor screen. Participants were instructed to indicate by pressing a button whether they 

thought the words that were subsequently presented on the screen were existing words or 

not. There was no time restriction for responding. Experimental script and data collection 

were managed by the E-prime computer program. The German late bilinguals completed 

the Dutch version of the test. This test contained a total of 200 Dutch words, 100 of which 

were pseudo words and 100 existing words. The words were taken randomly from 10 

frequency bands of the Dutch corpus of the CELEX lexical database. The Dutch late 

bilinguals completed the German version of the test. This test contained 150 German words, 

75 of which were pseudo words and 75 existing words. The words were randomly selected 

from the German corpus as used by the CELEX lexical database. Although reaction times 

were recorded, only the accuracy scores were used for analysis. See Appendix 1 for the lists 

of words used in both tests. 

 

5.4. Results 

The average working memory scores (Corsi blocks, forward span) are shown in Table 2. 
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Table 2. Average working memory scores for the three groups of speakers. 

Group Mean (min-max) Standard deviation 

Monolingual   

Middle-aged 6.4 (3-8) 1.2 

Elderly 5.6 (4-6) 0.7 

Early bilingual   

Middle-aged 6.3 (4-9) 1.1 

Elderly 5.8 (4-8) 1.0 

Late bilingual   

Middle-aged  6.4 (4-9) 1.1 

Elderly 6.0 (4-8) 0.7 

 

In order to test our hypotheses with respect to the influence of bilingualism and age on 

switch-task performance, we analyzed the response times in the single and mixed blocks by 

means of a linear mixed effects (LME) model (R version 3.0.2). The factors that we 

included into the model directly derive from the study design and were chosen such that the 

analyses are maximally similar to the ones presented in chapter 4.. 

Our first set of hypotheses concerned the effect of bilingualism on task switching costs. 

We hypothesized that the bilinguals would outperform the monolinguals in the switching 

task, showing lower switching costs. More specifically, we hypothesized that just like the 

early bilinguals (as was shown in chapter 4) the late bilinguals would outperform the 

monolingual controls. In addition, we hypothesized that the early bilinguals would 

outperform the late bilinguals, assuming that task performance is a function of the onset of 

bilingualism.  

To test these hypotheses, we created an LME model of the response times in the mixed 

blocks.  



125 
 

This model included a factor that represents the trial type (repetition or switch trial), a 

factor that represents whether a subject is bilingual or not (treatment-coded as either 0 or 1), 

the subjects' age (centered) and their working memory score (Corsi Block forward span, 

centered), as well as a random effect of Subject, with random slopes per trial type. The 

working memory scores were included in order to control for possible group differences in 

this domain. Also, our analyses in chapter 4 of this dissertation had shown that the inclusion 

of this factor significantly improved the model fit. To encode for the difference between 

early and late bilinguals, the model included an additional factor Late (treatment coding, -.5 

and .5). This factor was introduced as an interaction with bilingualism, bilingualism and 

trial type, bilingualism, trial type and age, and bilingualism, trial type and working memory 

score.. All analyses were performed on the log-response times, in order to compensate for 

the positive skew that is characteristic for response time distributions. For an overview of 

the complete model, please refer to Table A.3 in the Appendix. Here, we present a summary 

of the results, both in terms of the original parameters and in in terms of the derived non-log 

response time effects, as those are easier to interpret. The intercept of 741 ms represents the 

average response time in the repetition trials, for the average subject (β = 6.608, SE = 0.037, 

t = 179.76, p < .000). In the switch trials, the responses are significantly slowed down by on 

average 169 ms (β = 0.205, SE = 0.015, t = 13.44, p < .000). While bilingualism as such 

does not have a significant overall effect (β = -0.004, SE = 0.043, t = -0.10, p = .923), it 

significantly reduces the response times in the switch trials by 47 ms (β = -0.053, SE = 

0.018, t = -2.99, p = .003). In addition, there is a significant effect of age, with average 

response times increasing by 9 ms for every additional year (β = .012, SE = .003, t = 4.61, p 

< .001).  More importantly, we see an additional significant increase with age in the switch 

trials (9 ms, β = 0.012, SE = 0.003, t = 4.61, p < .000), which is compensated by a 
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significant decrease if the speakers are bilingual (-4 ms, β = -0.004, SE = 0.001, t = -3.19, p 

= .002). There is no significant effect of working memory score. More importantly, late 

bilingualism, which has been introduced as an interaction with the other factors, does not 

result in significant effects. In other words, both early and late bilinguals show the same 

reduced switching costs. Our hypothesis that early bilinguals would outperform late 

bilinguals is not supported by the model. 

The results of this model further support our hypothesis that response task performance 

in general and task switching in particular becomes more difficult with old age, as we see 

the same pattern as in chapter 4, even though the analysis now includes an additional group 

of late bilingual speakers. Age-related decline is partly compensated by bilingualism. 

However, we do not find evidence for the assumption that the size of this effect is a 

function of the age of onset of bilingualism. That is, the additional group of late bilinguals 

that we introduced in this chapter does not behave differently from the early bilinguals who 

were the focus of chapter 4. 

In a next step, we turned to possible effects of bilingualism on mixing costs. That is, we 

compared the response times in the single-block trials to the repetition trials (or non-switch 

trials) in the mix-blocks. We built one linear mixed effect model, according to the same 

principles as described for the switching costs. The difference lies in the types of trials that 

we compare to each other. 

 In this model, we analyzed the subset of monolingual speakers and the late 

bilinguals with respect to possible effects of bilingualism on mixing costs. We do not find a 

significant effect of bilingualism, nor a significant interaction. Taken together, the results 
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suggest that neither early nor late bilingualism affect the mixing costs in our switch task. 

The complete set of model parameters can be found in Appendix A4. 

To further test our assumptions about the relationship between bilingualism and 

executive control, we explored the relationship between the size of the switching costs and 

individual measures of bilingualism within the group of late bilinguals. Figure 1 shows the 

relationship between the size of the switching costs and an individual subject's lexical 

decision score. 

 

Figure 1. Relationship between the individual switching costs and the lexical decision 

score in the group of late bilinguals. Each dot represents a subject. 

 

There is a small negative correlation between the two coefficients, which is however not 

significant (r = -0.18, t = -1.439, df = 63, p = 0.155). 

Figure 2 shows the relationship between the individual switching costs and the number 

of years since immigration.  
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Figure 2. Relationship between the individual switching costs and the years since 

immigration in the group of late bilinguals. Each dot represents a subject. 

 

As can readily be deduced from the figure, there is no significant correlation between the 

two coefficients (r = -0.01, t = -0.0845, df = 64, p-value = 0.933).  

Next, we looked at the relationship between the size of the individual switching costs 

and age at immigration, which is depicted in Figure 3. Again, we find no significant 

correlation (r = 0.044, t = 0.3517, df = 64, p-value = 0.726). 
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Figure 3. Relationship between the individual switching costs and the age at immigration in 

the group of late bilinguals. Each dot represents a subject. 

 

5.5. Discussion and conclusion 

This paper reports on a study investigating possible associations between bilingualism 

and efficiency of executive control, by comparing performance of groups of monolingual 

and bilingual participants on a cued task switching test and a Working memory test. In an 

earlier paper, reporting on two of the three groups included here, we showed that early 

bilinguals incurred significantly lower switching costs than monolingual controls, and that 

this difference increased with age. The present paper has a special focus on bilinguals who 

acquired L2 proficiency after puberty, and compares their performance on the same set of 

tests with the performance of both the monolingual controls and the early bilinguals. 

Because, just like in the previous paper, we also want to investigate whether late 

bilingualism can be associated with a modulation of an age-related decline in executive 

control, we looked again at the performance of both middle-aged and elderly participants. 

Following a seminal study by Prior and MacWhinney (2010), in our data analyses we 
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focused on the switch effect (i.e., the difference between repetition and switch trials) and 

the mix effect (i.e., the difference between single block trials and repetition trials in the 

mixed blocks). Additionally, we looked at age-related and bilingualism-related effects on 

overall response times. Finally, unlike Prior and MacWhinney, our study explicitly looked 

at age-related effects, and as expected, we found an age-related decline in WM span. We 

therefore included WM span scores in the analyses of our results, so as to make sure to 

disentangle age-related effects as much as possible from effects of WM. 

 Regarding the switch effect, we expected an age-related increase in the size of the 

switching costs (c.f. Kray, Li and Lindenberger, 2002), and this expectation was confirmed. 

We also hypothesized that, in line with earlier research (c.f. Tao et al., 2011; Pelham & 

Abrams, 2014; but see Luk et al., for contradicting evidence), the late bilinguals would 

outperform the monolinguals. Our results show that not only the entire group of bilinguals, 

but also the late bilinguals as a separate group incurred a significantly smaller switch effect 

than the monolingual controls. Additionally, similar to our findings for early bilinguals, the 

positive effect of bilingualism is most pronounced in the elderly speakers. This is reflected 

by the significant interaction between the factors bilingualism and aging in the switch trials. 

Our hypotheses regarding the late bilinguals and the monolinguals are therefore confirmed. 

Second, since Luk et al. (2011) reported that earlier, continuing bilingualism correlated 

positively with executive control efficiency, we also hypothesized that the early bilinguals 

would outperform the late bilinguals. However, a comparison of the late bilinguals with the 

early bilinguals showed no difference between these two groups: there was no difference in 

the size of the switch effect, and no interaction with the specific type of bilingualism and 

the other factors, which contradicts our expectations.  
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 Regarding the mix effect, we expected an age-related rise for all groups (c.f. Kray & 

Lindenberger, 2000; Reimers & Maylor 2005), and this expectation was confirmed. 

Because neither Prior and MacWhinney (2010) nor Prior and Gollan (2011) found a 

difference between language groups for mixing costs, and we found no difference in mixing 

costs between early bilinguals and monolinguals either (see chapter 4), we hypothesized no 

difference here between the late bilinguals and the other language groups, nor any 

interactions here between the factors language group and aging, and these hypotheses were 

confirmed.  We also found an age-related increase in overall response times, which implies 

slower processing speed in the elderly (c.f. Cerella & Hale, 1994; Salthouse, 2000; Eckert, 

2011). However, in accordance with our expectations, we did not find any association 

between overall response times and the factor language group, nor did this factor modulate 

the age-related increase in response times. 

Finally, we performed a number of analyses within the late bilingual group. Luk et al. 

(2011) report correlations between earlier, continuing bilingualism and task performance, 

but we did not find significant correlations between any of the scores reflecting 

performance on the task-switching test on the one hand, and either the factor age of onset or 

years since immigration, on the other. Task-switching performance did not correlate with 

proficiency in the L2, reflected by the results on the lexical decision test, either.  

In summary, most of our hypotheses regarding this experiment were confirmed. First, we 

found an age-related rise in the overall response times and in the switch and the mix effect, 

implying both a decline in general processing speed and in the efficiency of executive 

control in elderly individuals. Further, especially for older individuals we found that late 

bilinguals outperformed monolingual controls in the size of the switch effect, suggesting 
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higher efficiency in executive control for this group, and a modulation of the age-related 

decrease of executive control efficiency. This latter finding can be interpreted in more than 

one way. The crucial issue is whether it is likely that this advantage that we found for the 

late bilinguals in our experiment is a result of their experience of speaking more than one 

language. Since on average, the members of the late bilingual group had actively used at 

least two languages for 27 years, it is not unlikely that this language experience has 

enhanced a number of interacting executive control processes which are tapped into during 

our task-switching test, in particular the ability to switch between mental sets and of the 

resistance to proactive interference (c.f. Prior & MacWhinney, 2010). This interpretation 

would be in line with results from a body of previous research pointing to a bilingual 

advantage in executive control (c.f. Costa et al., 2009 and Hilchey & Klein, 2011, for 

overviews), in particular those based on task-switching paradigms (e.g. Prior & 

MacWhinney, 2010; Prior & Gollan, 2011; Gold et al., 2013) and on experiments involving 

late bilingual participants (Tao et al. 2011; Pelham & Abrams, 2014). In this account, the 

inconsistency in findings between the relatively small difference in switching costs between 

middle-aged monolinguals and bilinguals in the present experiment, and the significant 

bilingual advantage in switching costs for college students, reported by Prior and 

MacWhinney (2010), could be attributed to a possible ceiling effect for the middle-aged 

group. This was created by the manipulation of the time-intervals, i.e. the time between the 

presentation of the cue and the target, and between the response on a trial and the start of 

the subsequent trial, which had to be relatively long on account of the participation of the 

elderly participants (see chapter 4). 

However, two observations in the present study emphasize the need for caution in this 

interpretation of our results. First, we hypothesized that the early bilinguals in our 
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experiment would outperform the late bilinguals. Unlike their late bilingual counterparts, 

the early bilinguals all had full, native proficiency in both languages, which they had all 

acquired before age 6 at the latest, and had used both languages on a daily basis ever since. 

It would therefore be logical to assume that, if the presence or the strength of a bilingual 

advantage is dependent on the attainment of full, native-like proficiency, the age of onset or 

the duration of bilingualism, or the relative amount of language switching, the early 

bilinguals would have outperformed the late bilinguals. However, our data show no 

evidence for such a conclusion; on the contrary, there was no visible sign that early 

bilinguals were doing better in any respect than bilinguals who had acquired their L2 later 

in the life span. Moreover, the analyses within our late bilingual group provided no 

evidence for any correlation between efficiency of executive control and language-related 

variables, such as level of L2 proficiency, age of L2 onset or the number of years since 

immigration. When we assume a linear relation between executive control and language 

use, this makes it even more unlikely that the advantage for the late bilinguals should be – 

entirely – attributed to their experience of speaking two languages. Still, it is possible that 

the combination of having to acquire and use an L2 at a later age is such an intense and 

challenging experience, that it could also lead to an enhancement of certain aspects of the 

cognitive system (c.f. Valian, 2015). On such a view, it would rather be the amount of 

challenge or effort involved in having to switch between languages and/or in having to 

suppress the non-target language, than the amount of experience in doing so, that would 

lead to more generalized cognitive enhancement. When we take a step further in this line of 

argumentation, it is even possible that once both languages have been acquired sufficiently 

well and switching has become effortless, the challenge will be over, so that from then on 

speaking more than one language will no longer boost the executive control system. 
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However, we are very cautious in making such a hypothetical suggestion, because the 

analyses within the group of late bilinguals provide no evidence for any negative correlation 

between the number of years passed since immigration and executive control, either. 

The last interpretation that we can propose for the advantage that we found for our late 

bilingual group is what we call the confounding variables account: its essence is that group 

studies always bring the inherent risk that differences between groups are wrongly 

attributed to bilingualism (see Hilchey & Klein, 2011; Paap & Greenberg, 2013; Paap, 

2014). In our study we controlled for a multitude of factors, such as gender, educational and 

occupational levels, living environment, etc. Additionally, we included the factor WM span 

in our data-analyses. However, we are aware that – at least - one factor remains that we 

could not control for, and that is immigration. Immigration effects have recently become a 

topic of debate in the literature on the bilingual advantage. Bialystok and Poarch (2014) 

propose that of all possible experiences with the potential of enhancing cognitive 

functioning (such as for instance musical skills), bilingualism is less prone to ambiguities in 

interpretation, because people usually become bilinguals not by choice or selection, but 

because of “life necessity, such as immigration” (p. 435). This may be true in some cases, 

but apart from groups of political refugees, it cannot be denied that there is a considerable 

group of immigrants who, for completely valid reasons, did make a deliberate choice to 

move to a country with better prospects – and this tends to set them out as a group from 

those who, either by choice or because of a lack of initiative, a failing health or whatever 

other reason, did not make that choice. Health in particular has been argued to be a strong 

‘selection’ criterion for immigration, not only because immigrants are more likely to make 

the choice to emigrate when they are healthy, but also because once they have made that 

decision they have better chances to pass the health screening tests of the country of 
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immigration (see Kennedy, McDonald & Biddle, 2006). Evidence shows that the relatively 

better health of immigrants extends to a slower rate of cognitive decline in later life (Hill, 

Angel & Balistreri, 1982). Fuller-Thomson and Kuh (2014) argue that this ‘healthy migrant 

effect’ – i.e., evidence that immigrants have better morbidity and mortality outcomes than 

non-immigrants, after adjustment for socio-economic status, c.f. Kennedy et al., 2006 - may 

explain the outcomes of some of the studies into the bilingual advantage. Another reason 

why immigrants may – or may not, for that matter – show improved cognitive performance 

compared to non-immigrants is that they will have to show more initiative, relative to non-

migrants, in order to be successful in the country to which they migrated, and develop a 

relatively more active life style. This could possibly also lead to better performance on 

cognitive tests.  

In summary, we conducted an experiment involving a cued task-switching test and a 

working memory test to investigate whether bilinguals who had acquired their L2 after 

puberty differed from monolinguals and from bilinguals who had acquired their L2 before 

the age of 6. An earlier study had already reported significantly lower switching costs for 

the early bilinguals compared to the monolinguals. The late bilinguals differed from the 

monolinguals in that they incurred lower switching costs and in that they showed a smaller 

increase in switching costs with age, but they did not differ in any respect from the early 

bilinguals. Moreover, analyses within the late bilingual group did not show significant 

correlations between the switch or the mix effect and any language-related factor. On the 

basis of these analyses, we propose that it is possible that for the late bilinguals, too, the 

experience of speaking more than one language, although the second one was acquired at a 

later age, has enhanced the efficiency of their executive control system, particularly the 

ability to switch between mental sets and their resistance to proactive interference (see Prior 
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& MacWhinney, 2010). However, it cannot be ruled out that one or more confounding 

variables have affected our task results, although we have matched our participant groups as 

meticulously as possible on a vast amount of demographic variables. In particular, the fact 

that, unlike the two other groups, the late bilinguals were immigrants, might have played a 

role.  

This paper therefore emphasizes once more that studies investigating effects of 

bilingualism by comparing participants recruited from different populations run the risk that 

differences in task results are wrongly attributed to differences in patterns of language use 

or acquisition (c.f. Paap & Greenberg, 2013). This does not mean that we exclude the 

possibility that bilingualism may have some kind of enhancing effect on cognitive 

functioning. In particular some experimental studies that looked at effects of a particular 

aspect of language use by means of analyses within the same population have come up with 

compelling evidence, because they decrease the risk of being confounded by effects of other 

variables (c.f. chapter 4 of this dissertation; Verreyt et al., 2015). However, we would like 

to stress that for this type of experimental research there is a need for valid, sensitive 

instruments, such as questionnaires that can give a full and detailed picture of a 

participant’s behavior over the life span. It is evident that such a picture should not only 

reflect - multiple - aspects of language use, but that as many other life-style factors should 

be taken into account as possible. 

Chapters 4 and 5 reported on comparisons of general cognitive performance between 

groups of bilinguals and of monolingual controls.  Chapter 6 reports on a comparison of 

performance on a verbal fluency task between a group of early bilinguals and a group of 

monolingual controls. 
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Chapter 6  

Bilingual lexical access and aging: Evidence from verbal fluency data. 

Abstract 

Studies on lexical access show conflicting results on verbal fluency tasks, with either no 

significant difference in scores for monolinguals and bilinguals or a bilingual disadvantage. 

Additionally, research involving elderly monolinguals has shown that aging usually has a 

negative effect on verbal fluency performance, but it is as of yet unclear what exactly 

happens to the lexical access of bilingual speakers in older age. In order to investigate both 

mono- and bilingualism and the age factor in verbal fluency tasks this study compared 

verbal fluency data from middle-aged and elderly Frisian-Dutch bilinguals to that of age-

matched German monolinguals. Bilinguals were found to produce as many words as 

monolinguals on both fluency conditions, i.e., there was no sign of a bilingual disadvantage. 

On phonological fluency there seemed to be a negative age-related effect for the 

monolinguals only: elderly monolinguals performed significantly worse than their middle-

aged counterparts, whereas both bilingual age groups performed equally well.  Besides 

overall performance on semantic and phonological fluency we examined the use of 

clustering and switching to gain more insight into the processes underlying bilingual lexical 

access and age-related effects on verbal fluency. Analysis of clustering and switching 

indicates that these strategies are used similarly by monolinguals and bilinguals.  
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This chapter was submitted, in a slightly adapted version, to a peer-reviewed journal: 

Timmermeister, M., Houtzager, N. & Lowie, W.M. (under review). Bilingual lexical access 

and aging: Evidence from verbal fluency data.  
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6.1. Introduction. 

Within the field of research on bilingualism, one question that has interested scholars for 

many decades now is that about the potential advantages and disadvantages of using more 

than one language on a regular basis. In particular, there are still uncertainties about how 

the status of being a bilingual might affect both linguistic and non-linguistic cognitive 

abilities of bilingual speakers. Moreover, researchers want to find out what effect 

bilingualism, especially from early childhood on, might have on verbal and cognitive 

development in older ages. 

Recently, various studies have demonstrated positive effects of bilingualism on cognitive 

abilities of bilingual children and adults (for reviews see Adesope, Lavin, Thompson & 

Ungerleider 2010; Hilchey & Klein 2011). These advantages on non-verbal tasks are said to 

be a direct result of the constant switching between languages of bilinguals and the 

experience they have in activating words from one language, while at the same time 

inhibiting words from the other language. On the other hand, bilinguals were sometimes 

found to show disadvantages on tasks that require more linguistic processing, such as verbal 

fluency or picture naming tasks (Gollan, Montoya & Werner 2002; Ivanova & Costa 2008). 

This phenomenon is often explained by the idea that when bilinguals access words in their 

one language, they 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). 

However, not all studies show consistently lower performance of bilinguals on tasks testing 

lexical access. (Rosselli et al. 2000; Portocarrero, Burright & Donovick 2007). Therefore, 

researchers still want to gain more insight into the determining factors of bilingual lexical 

access, compared to that of monolinguals. In order to answer questions concerning the 
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effect of bilingualism on age-related cognitive development, comparisons are made 

between bilingual speakers of different age groups or with different degrees of bilingualism 

(e.g. early vs. late bilinguals). 

This study compares middle-aged and elderly bilingual and monolingual speakers in 

their performance on the verbal fluency task. The verbal fluency task is a test method in 

which participants have to verbally produce as many words as possible within a given 

amount of time (usually 60 seconds). The most common distinction is made between 

semantic or category fluency and phonological or letter fluency. On the semantic verbal 

fluency task, participants are asked to produce as many words as possible from a certain 

category (e.g. animals, plants), whereas on the phonological fluency task, they have to 

produce as many words as possible beginning with a certain letter/sound (e.g. the letters s or 

p). The verbal fluency task simultaneously requires rapid lexical access but also calls for a 

high demand of executive control. The more controlled processes of the verbal fluency task 

include the use of effective search strategies, the monitoring of memory output, meaning 

the words that have already been produced, and the inhibition of irrelevant or misleading 

lexical items (Luo, Luk & Bialystok  2010).  

In the present study we investigated whether middle-aged and elderly bilingual speakers 

are different in their verbal fluency performance when compared to monolinguals of the 

same age groups. Additionally, we want to study what exactly happens to lexical access in 

bilingual aging. Apart from an analysis of overall performance in verbal fluency, this study 

tries to find out whether analysing different processes within verbal fluency, such as the 

occurrence of clustering and switching, can help explain strategy differences between 

bilinguals and monolinguals on this task. The term clustering refers to the phenomenon that 
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frequently, words that are produced during this task turn out to be semantically or 

phonologically related, which means that they are retrieved in clusters. As this is not always 

the case though, participants also tend to switch between clusters or produce words that are 

not related at all. This phenomenon is referred to as switching.  

 

6.2. Verbal fluency in monolinguals and bilinguals  

Different versions of the verbal fluency task have been widely used for various purposes. 

However, the analysis and interpretation of verbal fluency scores have been challenging for 

many researchers because of the complexity of the task itself. To begin with, the two 

different kinds of fluency tasks are often said to rely on different cognitive processes 

(Troyer, Moscovitch & Winocur 1997; Rosselli et al. 2000; Gollan et al. 2002). Whereas 

semantic fluency scores are said to be more influenced by organization of semantic 

knowledge, phonological fluency is said to rely mainly on strategic search processes and 

executive function (Portocarrero et al. 2007; Sauzéon et al. 2011). 

Moreover, as mentioned earlier, phonological fluency is often referred to as the more 

effortful and difficult task (Filippetti & Allegri 2011), because of its unusual nature of 

required word activation. On the phonological fluency task, participants have to suppress 

the habit of using words related to their meaning (Perret 1974), which is different from 

lexical retrieval during natural speech. On the semantic fluency task, items are activated 

within a semantic field, which might facilitate lexical access. Another reason that is 

mentioned by Filippetti and Allegri (2011) is that the production of words in the 

phonological condition requires the search within more subsets of semantic categories as 

compared to the semantic condition. Apart from that, semantic fluency is mostly limited to 
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nouns and often only concrete words (Rosselli et al. 2000), whereas words in phonological 

fluency can also be function words, words from different word classes and abstract words. 

With regard to other factors that might influence performance on the verbal fluency task, 

the study by Troyer (2000), providing data of 411 healthy adults between the ages of 18 and 

91, found that higher levels of education were always associated with better fluency 

performance, regardless of the type of fluency task. This shows the importance of including 

participants’ level of education as background measure when comparing verbal fluency 

performance of different groups. 

In research on bilingual verbal fluency performance many studies similarly report a 

bilingual disadvantage, indicating a bilingual deficit in lexical access and rapid word 

retrieval (Gollan et al. 2002; Bialystok, Craik & Luk 2008; Portocarrero et al. 2007; 

Sandoval, Gollan, & Ferreira 2010). Sandoval et al. (2010) reported several results 

reflecting this bilingual disadvantage. First of all, bilinguals produced fewer correct 

responses and had slower first response times. Furthermore, they showed proportionally 

delayed retrieval and more cross-language intrusion errors when speaking the non-dominant 

language. 

Identifying the underlying reasons for these findings however, has turned out to be  

particularly challenging, as studies report diverging results regarding the different fluency 

tasks (semantic vs. phonological). Some studies only found lower performance of bilinguals 

on semantic fluency, with equal scores on phonological fluency (Rosselli et al. 2000; 

Portocarrero et al. 2007). These authors usually explain their findings by arguing that 

semantic fluency is mainly based on the activation of lexical representations and retrieval of 

concrete words (Rosselli et al. 2000). As bilinguals have words in two languages for these 
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shared representations (e.g. cat in English and gato in Spanish when naming animals), there 

is said to be a higher level of language interference during this task. This is not the case in 

the phonological condition, where semantic representations play a less important role in 

task performance. A study by Gollan et al. (2002) led to results that might support this idea. 

Even though bilinguals were outperformed by monolinguals on both tasks, the difference 

was larger on semantic fluency.  

Other research on bilingual verbal fluency performance yielded more confusing results, 

at least at first sight. Bialystok et al. (2008) found that even though there was no difference 

in performance between mono- and bilinguals on semantic fluency, it was the monolingual 

group that outperformed the bilinguals on phonological fluency. However, when they 

controlled for vocabulary size, these differences disappeared. This is not surprising, as 

bilinguals were found to have a smaller vocabulary (per language) when compared to 

monolinguals (Craik & Bialystok 2006; Fernandes, Craik, Bialystok, & Kreuger 2007).  

Another factor that Bialystok et al. (2008) included in their study was that of executive 

function. Previous research on bilingual children had found that bilingualism might be 

related to improved efficiency of executive control (Bialystok, 2001). Similar results were 

found for middle-aged and older bilinguals, in an experiment involving the Simon Task 

(Bialystok et al., 2004). These results suggest that bilinguals might be able to compensate 

for disadvantages in lexical access, in those tasks that rely heavily on executive control, 

such as phonological fluency. A few studies mentioned previously, in which a bilingual 

disadvantage was absent in the phonological condition (for instance Rosselli et al. 2000; 

Portocarrero et al. 2007) seem to corroborate this idea. 
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One attempt to reveal the underlying mechanisms that might cause the often-found 

bilingual disadvantage on verbal fluency was made by Sandoval et al. (2010). They 

consider three different potential explanations for slower lexical access in bilinguals. First 

of all, the disadvantage could be due to interference from the non-target language. The idea 

behind this is that during bilingual processing, when one language is used, the other 

language remains active and has to be inhibited (Green 1998), leading to slower retrieval of 

words in the target-language. Another explanation for why bilinguals might have slower 

lexical access is simply that they use each of their languages less frequently (‘weaker-links 

account’), which means that lexical items in each language are activated less often than in 

the case of monolinguals. The third hypothesis proposes that bilinguals might be slower in 

retrieving words because they have smaller vocabularies in each of their languages, which 

reduces their selection of target words in production tasks like the verbal fluency tasks and 

thus slows down lexical retrieval. In their study, Sandoval et al. (2010) mostly found 

indications for the interference-between-languages hypothesis, although not all of their 

results support this account. 

Apart from interference between languages, we might argue that there is also 

competition for selection within one language during the verbal fluency task. This means 

that even during monolingual verbal fluency performance, multiple concepts are activated 

by one semantic cue (e.g. a category like animals) and lexical items have to be selected 

individually, while competitors have to be inhibited. The additional activation of another 

language implies that bilinguals have to face an extra level of selection demand. In addition 

to within-language competition of related semantic concepts, bilinguals also have to deal 

with cross-language competition for lexical activation.  
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The effect of language interference appears to be most prominent for high-frequency 

words (Gollan, Montoya, Cera, & Sandoval 2008). Sandoval et al. (2010) gave the example 

that most Spanish-English bilinguals would probably know the word for “carrot” in both 

languages, whereas they might know the word for “eggplant” in only one language. 

However, bilinguals also showed higher overall performance on phonological fluency. 

Sandoval et al. (2010) explain this by the higher demands of executive control on 

phonological fluency.  

Summarizing previous findings on bilingual verbal performance, one of the more 

consistent results is a general bilingual disadvantage in tasks requiring lexical access and 

controlled retrieval of lexical items. Moreover, this disadvantage is usually bigger on 

semantic fluency. On the one hand this is thought to be due to higher levels of language 

interference on this condition than on phonological fluency. On the other hand, this 

discrepancy between performances on the two conditions may reflect compensation 

mechanisms used on the phonological task. This task taps most heavily into executive 

control functions, particularly those which reportedly are enhanced in bilinguals (Hilchey & 

Klein 2011). The other finding that stands out from research on bilingual verbal 

performance is that the effect of language interference seems to be one of the factors 

causing bilingual deficits in lexical access, although aspects such as frequency of use and 

reduced vocabulary might also be of importance. All in all, bilingual verbal fluency 

performance can be described as the product of two countervailing processes (lexical 

activation and executive control), which makes it particularly difficult to tease apart the 

effects of the underlying cognitive functions during this task.  
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6.3. Different processes of verbal fluency performance 

For a long time, the only measurement of verbal fluency that studies used for their 

analyses was the total number of words generated within the time period of 60 seconds. 

Several researchers however, have acknowledged the complexity of processes involved 

during word retrieval on the fluency task (Gruenewald & Lockhead 1980; Wixted & Rohrer 

1994) and described a two-stage cycle of processes during semantic fluency. First, 

participants have to search for subcategories of a particular category (e.g. birds within the 

category animals) and then they have to search for specific items within that category (e.g. 

sparrow, seagull as examples of birds). Whenever items within a subcategory are 

exhausted, the participants have to stop the current search process and initiate a new one 

within a different subcategory. This analysis of the  processes at work during lexical 

retrieval suggests that there are not only spurts of semantically related items but also 

distinct breaks between those spurts (Unsworth, Spillers & Brewer  2011).  

Troyer et al. (1997) were among the first to argue that because of the multifactorial 

nature of the verbal fluency task, using only the total word score would not suffice to 

capture all aspects of an individual performance on this task. For that reason, they wanted to 

conduct a more qualitative, in-depth analysis of verbal fluency performance, by examining 

the amount of clustering and switching that occurs during trials. This kind of method is in 

line with ‘process’ approaches in neuropsychological testing, which deal not only with level 

of performance of subjects but also with the strategies participants use to perform a 

particular task (Abwender, Swan, Bowerman, & Connolly 2001). Troyer et al. (1997) 

defined semantic clustering as spurts of lexical items from the same subcategory, e.g. birds 

within the category animals. Phonological clusters were successive words beginning with 
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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). They counted the number and size of semantic clusters on semantic fluency, number 

and size of phonological clusters on phonological fluency, as well as the mean cluster sizes 

for both conditions. Switches were calculated as the number of transitions between clusters 

and single words. Besides, they also included repetitions and errors in their analysis of 

clustering and switching, as they were thought to add to the understanding of underlying 

cognitive processes, regardless of their exclusion for the total number of words (Troyer et 

al. 1997).  

Troyer et al.’s study (1997) has important implications for the processes involved in 

clustering and switching. According to Troyer et al. (1997), clustering is considered a rather 

automatic process compared to switching, which they see as a more effortful and strategic 

search process. Regarding the production of clusters on phonological fluency however, it is 

doubtful to what extent this way of clustering reflects the same mechanism of lexical 

activation as clustering on semantic fluency. As the retrieval of words that fulfil the 

conditions of a phonological cluster as defined by Troyer et al. (1997) is a rather unusual 

way of lexical retrieval, it cannot be assumed that clustering on phonological fluency 

reflects a more automatic process. Rather, it seems likely that phonological clustering is 

more associated with strategic and controlled processing than with automatic or 

subconscious activation of words, as participants on this task seem to consciously use the 

retrieval of phonologically related words as a strategy for successful performance.  

Even though several studies that included clustering and switching in their analysis 

(Filippetti & Allegri 2011; Unsworth et al. 2011; Sauzéon et al. 2011) have based their 



148 
 

methodology on that of Troyer et al. (1997), there are also critical voices regarding Troyer 

et al.’s scoring method (1997). Abwender et al. (2001) agree that a qualitative examination 

of verbal fluency performance, i.e. looking at clustering and switching, seems inevitable 

when trying to understand the underlying cognitive processes of the task. A main point of 

criticism that Abwender et al. (2001) discuss are the limitations of the switching construct 

that Troyer et al. (1997) use in their analysis. Abwender et al. (2001) raise the question 

whether the cognitive processes involved when switching from one multi-word cluster to 

another might be different from those processes that are used when switching between 

unrelated and non-clustered words. 

Furthermore, they challenge Troyer et al.’s (1997) assumption that switching reflects 

strategic searching and mental flexibility and imply that it might also be caused by lack of 

the ability to cluster and reflect limited access to phonological or semantic subcategories 

(Abwender et al. 2001). This might especially be the case for switches between 

nonclustered words. For this reason Abwender et al. (2001) introduced two distinct ways of 

switching. They use the term cluster switches to refer to transitions between adjacent and 

overlapping clusters, where clusters need to contain at least two related items. Switches 

between a cluster and a nonclustered word or switches between two nonclustered words are 

called hard switches (Abwender et al. 2001). 

The idea behind this distinction is to have a construct of switching, namely cluster 

switching, which is closer to the switching construct as explained by Troyer et al. (1997), 

and is said to reflect strategic shifting and mental flexibility. Abwender et al. (2001) 

concluded that a single measurement of the switching component might be insufficient to 

reflect the complexity of the switching process. With regard to semantic fluency they found 
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that hard switching had a negative effect on overall performance, which indicates that hard 

switching may indeed reflect impaired or limited access to semantic subcategories 

(Abwender et al. 2001).  

Summing up, previous research on clustering and switching on the verbal fluency task 

shows general agreement that with regard to semantic fluency clustering is a more 

automatic process than switching and is mainly related to activation of subcategories and 

lexical storage. Switching on semantic fluency on the other hand is a more controlled 

process as it includes the activation of words from a different subcategory than the 

previously mentioned words. For phonological fluency, it can be assumed that the process 

of clustering is a more controlled and strategic one than on semantic fluency, as words are 

usually not activated within phonological categories. Switching within phonological fluency 

is also more related to cognitive flexibility and processing speed. Apart from that, in order 

to measure switching as a product of intentional strategic word retrieval, it seems to be 

necessary to make a distinction between hard switches and cluster switches.  

 

6.4. Age-related effects in monolingual and bilingual verbal fluency 

Another factor that affects performance on the verbal fluency task is aging. Acevedo et 

al. (2000) found that increasing age was always associated with lower fluency scores on all 

of their semantic fluency trials (animals, vegetables, and fruits). Similar results were found 

by Troyer (2000) for both semantic and phonological fluency performance. In a previous 

study by Troyer et al. (1997) however, they did not find an age-related difference on 

phonological fluency. Yet another study (Ostrosky, Ardila & Rosselli 1999) found the 

opposite effect, namely that age was a more influential factor on phonological fluency than 
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on semantic fluency, but it was always the case that younger participants outperformed 

older participants. As studies report different effects of age on the fluency conditions, it is 

difficult to make assumptions about the exact reasons for the age-related disadvantage. 

Regarding age effects in verbal fluency, an analysis of clustering and switching revealed 

interesting new insights. Troyer et al. (1997) found that the age-related deficit in older 

adults seems to be due to lower switching scores, whereas they found no age effect on 

amount of clustering, although older people tended to create larger clusters than younger 

people on phonological fluency. Similar results were reported by Kavé, Kigel and Kochva 

(2008) who found that age-related increase of verbal fluency scores of participants between 

the age of 8 and 17 was merely due to an increase of switching scores, with no age-driven 

difference in clustering. These findings imply that the often-found age-related effect on 

verbal fluency might mainly be caused by age-related decline in the efficiency of executive 

functions and not necessarily by deficits in semantic knowledge or retrieval thereof. This 

view is shared by Sauzéon et al. (2011), who investigated the age-related decline in verbal 

fluency both with regard to clustering and switching. Their results indicate that even though 

the older participants did not have lower overall performance on semantic fluency, they did 

show lower performance on the non-semantic component (switching) of the task.  

     A number of studies on bilingualism (Bialystok, Craik & Ryan 2006; Author 2014) 

have also focused on the effect of bilingualism on age-related linguistic and cognitive 

development. One central question here is whether the constant use of more than one 

language could have the positive effect of delaying cognitive decline in older ages. This 

question is based on the idea of use-dependent functional changes of the brain. Bialystok et 

al. (2008) report findings of other researchers who found that people who regularly engaged 

in specialized activities, e.g. playing video games or a musical instrument showed increased 
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performance in executive functions. It is implied that training in certain activities can cause 

changes in the underlying brain structures and processes (Bialystok et al. 2008). 

A question that derives from this is whether those use-dependent changes in the brain 

can actually improve activities that go beyond those that were regularly trained. The fact 

that in some studies bilinguals were found to have advantages in non-linguistic cognitive 

tasks, which may have been a result of linguistic activities,  could therefore possibly serve 

as support for this assumption (Bialystok et al. 2004). But what happens to this potential 

bilingual advantage in older age? From research on monolingual aging, it is known that 

both cognitive control and lexical access decrease with older age (McDowd et al. 2011). 

What Bialystok et al. (2004) found in their study of younger and older bilinguals was 

indeed that the advantage in executive control seemed to remain into older adulthood, or 

more specifically, that this advantage was even greater for the older group of bilinguals. 

They concluded that bilingualism might help to compensate for age-related deficits in 

certain cognitive processes. 

With regard to the aspect of lexical processing, Gollan, Fennema-Notestine, Montoya 

and Jernigan (2007) found that naming difficulties of bilinguals remain into older age. 

However, compared to the advantages in executive control, the magnitude of bilingual 

deficits in lexical access does not seem to increase in older age. This was indeed confirmed 

by Bialystok et al. (2008), who found no interactions between age and bilingualism on any 

of their verbal tasks. Accordingly, they concluded that concerning lexical processing, 

bilinguals and monolinguals seem to undergo similar decline processes. Moreover, verbal 

fluency results by Rosselli et al. (2000) seem to corroborate the idea that bilinguals show 

improved or at least stable abilities of executive control in older age. Their finding that even 
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though older bilinguals performed worse on semantic fluency, they were not different from 

monolinguals on the phonological task indicates that their advantage of executive control 

still enables them to compensate for deficits in lexical access.  

 

6.5. Research Questions 

1 Are middle-aged and elderly bilinguals different in their verbal fluency performance 

when compared to age-matched monolinguals? 

2 Are age-related effects in verbal fluency performance the same for bilinguals and 

monolinguals? 

3 What insight does the analysis of phenomena such as clustering and switching give  into 

the processes underlying verbal fluency performance?  

4 Are there any differences between different age- and language groups regarding the 

occurrence of these phenomena?  

 

6.6. Method 

6.6.1. Participants 

The participants in this study were 52 bilinguals and 52 monolinguals belonging to two 

different age groups. Participants in the younger age group were between 35 and 55 years 

old and participants in the older age group were between 65 and 85 years old. The 26 

bilinguals in the younger age group had a mean age of 46.1 (SD= 5.7) and the 26 bilinguals 
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in the older group had a mean age of 73.2 (SD=6.2). All bilingual participants were 

speakers of Dutch and Frisian, had acquired their second language before the age of 7 and 

had used both languages on a daily basis since then. It is important to mention that the two 

languages of this bilingual group are typologically related and are very similar, for example, 

with regard to their lexicon and syntax. Consequently, many content words are the same in 

both languages. The monolinguals were selected to match the bilingual group with regard to 

age (M=48.1; SD=5.2 for the younger group and M=73.5; SD=4.1 for the older group) and 

level of education, as these were found to be influential factors on verbal fluency and 

therefore needed to be similar between the language groups. 50 monolinguals were speakers 

of German, and the remaining 2 monolinguals were speakers of English. The reason why 

native speakers of German were chosen for the monolingual group instead of native 

speakers of Dutch is that people in the Netherlands are exposed to foreign languages to a 

greater extent than people in most other countries, such as Germany. English is deeply 

embedded in Dutch society, which is reflected in the English proficiency level of most 

Dutch speakers.  

As German and Dutch are very closely-related West Germanic languages and share 

many cognates and other linguistic features, German monolinguals seemed to be an 

appropriate control group for comparing bilinguals and monolinguals. What was more 

important for the purpose of this study was the condition that all bilinguals were bilingual in 

the same two languages, which was indeed the case (Dutch/Frisian). Apart from that, as all 

participants of the same language group (bilingual/monolingual) were from the same 

geographic area, within-group conditions (e.g. cultural, regional aspects) were highly 

comparable.  
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The bilingual data set used for this study had already been collected independently by 

one of the investigators (Author 2014). The bilingual participants were from the Dutch 

Province of Friesland in the North of the Netherlands. The monolingual participants were 

from the same geographical area in the North-West of Germany, which is an area without 

any obvious local dialects or non-standard varieties of German. All participants were in 

good mental and physical health and did not use any medication that might influence their 

processing speed or reaction ability.  

 

6.6.2. Materials & Procedure. 

6.6.2.1. Verbal Fluency Task. 

All participants completed seven verbal fluency trials, i.e. four semantic trials and three 

phonological ones in order to ensure that verbal fluency performance was not only based on 

one single fluency trial per condition. The semantic fluency trials consisted of the 

categories: fruits + vegetables, jobs, musical instruments and water animals. The 

phonological fluency trials comprised the letters r, b, and j. As this study compares 

bilinguals and monolinguals with different native languages (Dutch/Frisian and German), a 

corpora comparison was conducted to ensure that these letter categories were equally large 

in those languages (see chapter 3). As Dutch and German are two closely related West-

Germanic languages, they share many cognates, which makes fluency performance in these 

languages comparable (e.g. Dutch appel and German Apfel in semantic fluency). Another 

aspect that was controlled for was that both languages have the same sort of prefixes 

starting with the letters for phonological fluency. In both Dutch and German it is possible to 

form a large number of verbs by adding the prefix be- to words, e.g. Dutch: oordelen – 
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beoordelen. Because of their language relatedness, this is exactly the same in German: 

urteilen – beurteilen. Therefore, no language-specific advantages or disadvantages 

regarding a particular letter category were expected.  

Participants were tested by two investigators who followed a strict script to ensure the 

same verbal instructions for all test sessions. Testing took place in the participants’ homes. 

The test language for the bilingual participants was Dutch and the monolingual participants 

were tested in German, which was the L1 of all monolingual speakers. For the semantic 

fluency task, people were asked to name as many words from a specific category and start 

producing words as soon as possible. For the phonological fluency trials, participants were 

asked to produce only words beginning with a particular letter. Furthermore, they were 

instructed not to name different forms of the same word, such as saying both buy and 

bought, to avoid proper names, names of places or numbers and not to create new words by 

simply adding words to a previously-produced word, e.g. first saying the word baseball and 

then say the word baseball cap. If this happened nevertheless, it was counted as a mistake 

and not included in the total word score. Apart from these limitations, participants were told 

that they were allowed to produce words from all categories, e.g. verbs, nouns, adjectives 

etc. All trials were recorded with a voice recorder and eventually transcribed.  

 

6.6.2.2. Scoring. 

For each of the seven individual fluency trials, the total number of generated words was 

counted. Repetitions and errors were not included in the total word count. Both for semantic 

and phonological fluency the numbers of words from the individual trials were added up as 

total scores to enable generalizing over the two conditions.  



156 
 

 

6.6.2.3.Clustering. 

Regarding the coding of clusters and switches, the applied method was mainly based 

both on that of Troyer et al. (1997) and that of Abwender et al. (2001). Similar to what 

Troyer et al. (1997) did, definitions of semantic clusters for the three semantic categories 

were created emergently, while analyzing the data. Semantic clusters were defined as 

sequences of at least two adjacent words belonging to the defined categories. For 

fruits+vegetables, these were for example citrus fruits, berries or types of cabbage. For 

water animals emerging subcategories were, for example reptiles or amphibians. What was 

also coded as clusters were words that were strongly related words for reasons of common 

usage, e. g. peas and carrots, due to similar appearance such as sharks and whales or 

because of shared living environments, e.g. penguins and polar bears.  

The coding of phonological clusters on the two phonological fluency trials was done 

exactly as defined by Troyer et al. (1997). Phonological clusters were two or more adjacent 

words that started with the same two letters, rhymed or were homonyms. For all analyses of 

clustering, repetitions and errors were included, the same way as in the study by Troyer et 

al. (1997), since these words nevertheless provide information about the course of lexical 

retrieval during the verbal fluency trials.  

Based on these clusters, two different measures of clustering were analyzed: the mean 

cluster size and a new measure of clustering, which will be referred to as cluster ratios. For 

this measure, the total numbers of clustered words per condition were divided by the total 

number of words generated during that condition: 
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  Cluster ratio semantic fluency =       number of clustered words on semantic fluency°° 

                     total number of words on semantic fluency 

 

The cluster ratio is a solid measurement of how much participants clustered during a 

verbal fluency trial, as it takes into account their overall performance. Regarding only the 

total number of produced clusters does not necessarily give insight into the cluster abilities 

of a participant, as a low number of clusters might merely be a consequence of low verbal 

fluency performance. Participants who produce only two clusters with a small mean cluster 

size can still have a cluster ratio of 100%, which implies that although they produced 

relatively few words, all of these words were part of a cluster.  

 

6.6.2.4. Switching. 

To measure the amount of switching during verbal fluency trials, this study uses 

Abwender et al.’s (2001) distinction between hard switches and cluster switches. Switches 

between clustered words and non-clustered words or switches only between two non-

clustered words were coded as hard switches. Switches between clusters on the other hand 

were coded as cluster switches. As measurements of switching behaviour, we again made 

use of ratios. The total number of hard switches and cluster switches were added up for the 

two fluency conditions (semantic and phonological) and divided by the total number of 

words produced per condition, resulting in relative measures which we call hard switch 

ratio and cluster switch ratio.  
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6.6.2.5. Inter-rater reliability. 

All verbal fluency trials from all participants were coded for number of clusters, mean 

cluster size, and the numbers of cluster switches and hard switches by two independent 

raters who were both sufficiently proficient in Dutch and German. The inter-rater reliability 

was calculated with Cronbach's  resulting in  > 0.8 (good internal consistency) for 

semantic fluency and  > 0.9 (excellent internal consistency) for phonological fluency. In 

case of discrepancies between ratings, averages were used for the analyses.  

 

6.7. Results 

6.7.1. Semantic fluency – Overall performance. 

A MANCOVA with level of education as covariate showed no main effect of language 

group for the total number of words produced on semantic fluency, meaning that on average 

bilinguals produced as many words on semantic fluency as monolinguals. However, there 

was a main effect of age-group. In both language groups, the younger participants (M=76.1, 

SD=15.1) produced significantly more words on semantic fluency than the older 

participants 

(M=66.2, SD=13.7), F(1,99)=19.5, p<0.01, η
2
=0.15 (medium effect size).   
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6.7.2. Semantic fluency – Clustering & Switching.  

A MANCOVA controlling for level of education showed that monolinguals had a 

significantly higher hard switch ratio as compared to the bilingual participants (table 1). The 

bilingual group on the other hand outperformed the monolinguals both in terms of semantic 

cluster ratio and mean semantic cluster size.  

 

Table 1: Significant effects of language group on semantic fluency 

  bilinguals monolinguals    

Component  M SD M SD F(1,99) p η
2
 

 

Hard switch 

ratio 

Cluster ratio 

 

 0.41 

 0.69 

 

0.14 

0.12 

 

0.48 

0.63 

 

0.1 

0.1 

 

9.9 

8.1 

 

<0.01 

<0.01 

 

0.08 

0.07 

Mean cluster 

size 

 2.79 0.45 2.54 0.29 11.2 <0.01 0.1 

 

With regard to the effects of age-group on semantic clustering and switching, the 

analyses showed (table 2) that whereas the younger participants have significantly higher 

hard switch ratios, the older participants outperform the younger participants in terms of 

semantic cluster ratio and mean cluster size. These age effects are the same for both 

language groups. 
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Table 2: Significant effects of age-group on semantic fluency  

  middle-aged elderly    

Componen

t 

 M SD M SD F(1,99) p η
2
 

 

Hard switch 

ratio 

Cluster ratio 

 

 0.48 

 0.63 

 

0.12 

0.11 

 

0.41 

0.68 

 

0.12 

0.11 

 

6.1 

4.2 

 

<0.05 

<0.05 

 

0.05 

0.04 

Mean cluster 

size 

 2.59 0.36 2.75 0.41 4.4 <0.05 0.04 

 

In order to investigate to what extent the different components of semantic fluency are 

related to the overall performance on this condition, correlations were run between each 

component and the total number of words. As all clustering and switching measures consist 

of ratios and not of absolute values, potential correlations can provide valid information 

about which of the components are important for higher overall performance. Results show 

that whereas both semantic cluster ratio and mean cluster size are positively correlated with 

overall performance, hard switch ratios are negatively correlated with the total number of 

words. There was no significant correlation between cluster switch ratios and overall 

performance on semantic fluency. 
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Table 3: Correlations between components of semantic verbal fluency and total number 

of words 

 total # of words semantic fluency 

 Pearson’s r p-value 

Hard switch 

ratio 

-0.481 <0.01 

Cluster ratio 0.536 <0.01 

Mean cluster 

size 

0.464 <0.01 

 

 

6.7.3. Phonological fluency – Overall performance. 

For overall performance on phonological fluency, a MANCOVA controlling for level of 

education showed a significant interaction between language group and age-group 

(F(1,99)=5.3, p<0.05, η
2
=0.04). Whereas the older monolingual group produced 

significantly fewer words (M=30.6, SD=8.3) compared to the younger monolinguals 

(M=38.5, SD=8.2), there was no such age effect for the bilingual participants. The older 

bilinguals performed equally well on phonological fluency as the younger bilinguals (see 

figure 1). Consequently, there was only a significant difference between bilingual and 

monolingual performance on phonological fluency for the older participants. The older 

bilinguals (M=40, SD=10.4) produced significantly more words than the monolinguals in 

that age group (M=30.6, SD=8.3) F(1,99)=9.8, p<0.01, η
2
=0.07. This was different for the 

younger participants where there was no significant difference between the bilinguals and 

the monolinguals. 
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Figure 1: Interaction between age and language group on phonological fluency 

 

6.7.4. Phonological fluency – Clustering & Switching. 

There were no significant differences between bilinguals and monolinguals regarding 

clustering and switching on phonological fluency. However, there was a trend that the 

bilingual participants have higher cluster ratios than the monolinguals (p=0.086). This trend 

turned out to be significant for the performance on the B-trial, where bilinguals had 

significantly higher cluster ratios (M=0.5, SD=0.2) than the monolinguals (M=0.41, 

SD=0.2), F(1,99)=4.32; p<0.05, η
2
=0.04. With regard to the effects of age, it turned out that 

older participants of both language groups produced higher phonological cluster ratios 

(M=0.49, SD=0.17) than the younger participants of both groups (M=0.42, SD=0.14), 

F(1,99)=4.86; p<0.05, η
2
=0.05. Regarding correlations between clustering and switching on 

phonological fluency, the components of cluster switch ratio, cluster ratio and mean cluster 

size were positively correlated with overall performance. These correlations are weaker 
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than for semantic fluency. For phonological fluency, there was no significant correlation 

between hard switch ratio and total number of words.  

 

Table 4: Correlations between components of phonological verbal fluency and total 

number of words 

 total # of words phonological 

fluency 

 Pearson’s r p-value 

Cluster switch 

ratio 

0.3 <0.01 

Cluster ratio 0.2 <0.05 

Mean cluster 

size 

0.3 <0.01 

 

6.8. Discussion 

Contrary to previous research (Gollan et al. 2002; Portocarrero et al. 2007; Sandoval et 

al. 2010), the results of our study do not show any evidence for a bilingual disadvantage on 

the verbal fluency task. On semantic fluency, both the middle-aged and elderly bilinguals 

produce as many words as their monolingual controls. Regarding age-related effects on 

semantic fluency, this study can confirm a general age-related decline in semantic verbal 

fluency performance (Troyer 2000; Acevedo et al. 2000). In both language groups, the 

elderly participants produce fewer words than the middle-aged participants. The fact that 

this effect is the same for bilinguals and monolinguals can confirm the hypothesis that the 

decline in lexical access in older age might not be stronger for bilingual speakers (Gollan, 
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Fennema-Notestine, Montoya & Jernigan 2007). The equal performance of middle-aged 

bilingual and monolingual speakers on phonological fluency is in line with previous 

research which did not find lower performance of bilinguals on this condition, either 

(Rosselli et al. 2000; Portocarrero et al. 2007). The finding that the elderly bilinguals in our 

sample outperform the elderly monolinguals indicates that the bilinguals might be less 

affected by age-related decline on phonological fluency. Interestingly, phonological fluency 

is the condition which is said to be more related to strategic search processes and executive 

function (Portocarrero et al. 2007; Sauzéon et al. 2011). Consequently, the better 

performance of the elderly bilingual group on this task might be caused by enhanced 

abilities of executive function in this group, as similarly reported by other research 

(Bialystok et al. 2006). The absence of this effect within the middle-aged bilingual group 

could be explained by evidence from previous research also suggesting that bilingual 

cognitive benefits are stronger for older than for younger bilinguals (Bialystok et al. 2006).  

     Taking into account potential explanations for a bilingual disadvantage in lexical 

access as discussed by Sandoval et al. (2010), the absence of such a disadvantage in this 

study might be explained by sample-specific characteristics. First of all, as mentioned 

before, the two languages of our bilingual group are typologically-related and share many 

lexical items. With regard to the between-language-interference account this would imply 

that our bilinguals should be less affected by language interference. If a word is the same in 

both languages, there can hardly be any interference from the non-target language while 

that word is being produced in the target-language. The same is true for the ‘weaker-links’ 

account, which explains slower bilingual lexical access by lower frequency-in-use of lexical 

items for bilinguals. If a word is simply the same in the two languages of a bilingual, it is 

not to be expected that this particular word is activated less frequently by a bilingual than 
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by a monolingual speaker. Therefore, the Frisian/Dutch bilinguals in this study would not 

be expected to have slower lexical access caused by frequency-in-use effects. Apart from 

that, the test language Dutch is the majority language of the bilingual speakers’ 

environment and the bilingual group was highly proficient in that language. Both of these 

aspects make it less likely that the bilinguals should have a smaller vocabulary in Dutch 

than monolinguals in their one language. Thus, the bilingual speakers in this group were 

probably not slowed down in their lexical access by a smaller vocabulary in the target 

language. The fact that the bilingual group in this study produced more words in semantic 

clusters and larger clusters than the monolinguals implies that they do not have any deficits 

related to vocabulary size or activation of lexical items within a semantic field. However, as 

the processes of clustering and switching are related to each other – higher cluster ratios 

usually mean lower hard switch ratios – group differences do not necessarily mean that, for 

example, the monolingual group is less capable of forming clusters or the bilinguals less 

good at switching to unrelated words. The differences between the bilingual and 

monolingual data in our group merely reflect different use of these processes. 

    On semantic fluency, the older participants in both language groups made more use of 

clustering than switching to words from different subcategories. This might be further 

evidence for the idea that age-related decline in semantic verbal fluency is more related to 

decline in cognitive flexibility or controlled processing rather than to deficits in lexical 

access, for example while activating semantically related words (Troyer et al. 1997). 

Regarding phonological fluency, the trend that bilinguals have higher cluster ratios on this 

condition might be evidence for more strategic and controlled retrieval among this group.  
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6.9. Conclusion. 

Our study compared the verbal fluency performance of middle-aged and elderly 

Frisian/Dutch bilinguals to that of German monolinguals. We wanted to find out whether 

there are any differences in lexical access between these groups and what happens to verbal 

fluency performance in bilingual aging. Furthermore, we included the analyses of different 

processes during verbal fluency, namely the occurrence and amount of clustering and 

switching. The purpose of this was to examine whether these additional analyses could help 

to gain more insight into the underlying processes of bilingual lexical access in older age. 

First of all, this study does not suggest lower bilingual performance on the verbal fluency 

task. Both age groups in our study performed equally well or even better than the 

monolingual control group. These findings support the idea that bilingual verbal fluency 

data can lead to diverging results and that not all studies can report a bilingual disadvantage 

in lexical access. It is likely that a bilingual deficit in lexical access simply does not occur in 

particular bilingual groups and that this is related to sample-specific characteristics. On the 

one hand, differences in bilingual lexical access might be related to language-specific 

differences. Different language combinations vary in terms of the number of cognates, 

identical words, frequency of words etc., which will inevitably affect the magnitude of 

cross-language interference. On the other hand it is also possible that differences in 

language use (e.g. language proficiency, language dominance) between several bilingual 

groups lead to differences in lexical access, which might have caused inconsistent results 

between studies. Certain language combinations (e.g. the typologically-related languages 

Frisian and Dutch) are less likely to be affected by phenomena such as between-language 

interference. Additionally, there will also be less difference between bilinguals and 

monolinguals in the frequency of use of these common words, and in the vocabulary size of 
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each of their languages. It might be helpful to focus on these language-specific and speaker-

specific differences in more detail when analyzing bilingual verbal fluency. Apart from that, 

the analysis of sub-processes of verbal fluency such as clustering and switching provided 

useful insight into different effects of bilingualism and aging on verbal fluency 

performance. Future research might benefit from this approach, especially in cases where 

bilinguals are significantly different from monolinguals in their verbal fluency performance. 

That way, it could be easier to pinpoint the exact processes of lexical access that might be 

affected in bilingual speakers and lead to group differences on the verbal fluency task.  
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Chapter 7  

General discussion 

7.1. Introduction.  

In this dissertation, we have reported on the results of a study that looked at possible 

associations between bilingualism and cognitive performance and included chapters that 

were independently submitted to peer reviewed journals. First, we investigated in how far 

bilingualism may affect general cognitive functioning, in particular the efficiency of 

executive functions that may play a part in language processing. Second, we investigated 

whether any potential effects of bilingualism found for early balanced bilinguals extend to 

bilinguals who acquired proficiency in a second language at a later age. Third, we looked at 

possible effects of bilingualism on linguistic performance. Because of possible interactions 

between bilingualism and aging in these effects, our study focused on the performance of 

middle-aged and elderly individuals. Last, we analyzed interactions between the results of 

the verbal and nonverbal tasks of our study.  

In this concluding chapter, we will try to put the different strands of this study together 

and reflect on our main findings. The structure of this chapter is as follows. In the 

background section, we explain why we started this project, and briefly summarize the 

relevant studies conducted previously in this field. Then we repeat the research questions 

that we defined in the introductory chapter and show for each question how it contributes to 

the research field. We will answer these research questions one by one. Next, we will 

interpret these findings and put them in a wider perspective. In the last part of this chapter, 

we will indicate the limitations of our project and give some recommendations for future 

research. 
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7.2. Background. 

As we described in the introductory chapter, around the turn of the century the first 

evidence was published showing an advantage for bilinguals over monolinguals in 

performance on a number of cognitive tasks, in particular with children (c.f. Bialystok & 

Martin, 2004) and middle-aged and elderly adults (Bialystok et al., 2004). The explanation 

proposed was that bilinguals’ practice in managing multiple languages might enhance the 

efficiency of aspects of executive control involved in linguistic processing. Apparently, the 

experience in a number of skills in a linguistic domain, such as inhibiting the non-target 

language, had transferred to an advantage in more general cognitive functioning. However, 

when more studies were conducted in this field, the results were contradictory. Especially, 

as shown in review articles by Costa et al. (2009), Hilchey and Klein (2011) and Paap, 

Johnson and Sawi (2014), evidence for an advantage for bilinguals in conflict resolution  

appeared to be rare, although not entirely absent (c.f. Yang, Yang & Lust, 2011; Poarch & 

Van Hell, 2012). For tests investigating other aspects of executive functioning, the results 

were not conclusive either: some studies for instance reported advantages for bilinguals in 

task switching paradigms (e.g. Prior & MacWhinney, 2010), but other studies did not find 

such differences (e.g. Paap & Greenberg, 2013). 

The explanations for these contradictory results concern in the first place the lack of 

agreement on what the different executive control tasks are measuring; according to Valian, 

they ‘measure multiple processes simultaneously, including processes that are not part of 

executive function, like response readiness’ (2015, p. 4). The second explanation is that task 

results can be confounded by a huge amount of other factors. These factors may be extra-

linguistic, since a range of other experiences may affect executive control efficiency, but 
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can also concern language status and background.  The number of languages that are 

spoken, the age of acquisition of the second language and the degree of cognateness of the 

two languages are all examples of language-related factors possibly affecting task-results. 

In the introductory chapter, we also argued that most studies seem to agree that on 

linguistic tasks bilinguals are usually outperformed by monolinguals. Bilingual adults do 

not always have smaller vocabularies (Fernandes, Craik, Bialystok & Kreuger, 2007), but 

are often slower in lexical access (Ivanova & Costa, 2008). Moreover, they show more tip-

of-the tongue problems (cf. Gollan & Acenas, 2004), a difference that increases with age. 

The main issue about the differences that are often found between monolinguals and 

bilinguals in verbal production tasks is that it is not always clear what causes them. Several 

explanations have been proposed, which need not mutually exclude each other. First, 

especially unbalanced bilinguals may have smaller vocabularies than bilinguals, which can 

lead to lower task scores (c.f. Gollan & Acenas, 2004; Sandoval et al., 2010). The second 

explanation (the ‘weaker links account’) takes an emergent perspective by proposing that 

lexical items are less easily accessible to bilinguals than to monolinguals because they are 

less often used, and thus less often activated. The third explanation (the ‘interference 

account’) attributes delays in bilingual lexical retrieval to interference effects of the non-

target language: bilinguals are slower because they have to cope with lexical competition. 

Finally, Bialystok, Craik and Luk (2008) and Bialystok (2009) suggested that the 

conflict between a bilingual’s competing language systems may be at the bottom of the 

bilingual disadvantage in lexical access, and the enhancement that was sometimes reported 

for executive control function. Between-language interference is hypothesized as the 
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common ‘mechanism’ explaining both bilingual disadvantages in verbal performance, and 

bilingual advantages in general cognitive performance.  

 

7.3. Research questions, answers and contributions to the research field. 

The first research question in the current dissertation was whether a group of early 

bilinguals differs from a group of monolingual controls in general, nonverbal cognitive 

performance. Secondly, we investigated whether in this respect there was an interaction 

between bilingualism and aging. What our study aims to contribute to the research field is, 

first, that we have compared performance of groups of middle-aged and elderly adults. 

Relatively few experimental studies have been conducted with these age-groups, especially 

studies using a task-switching paradigm. Focusing on these two age-groups makes it 

possible to analyze whether bilingualism can be associated with a modulation in an age-

related decline of executive control. Another strength of the design of our study is that our 

bilingual group was relatively homogeneous, in that all participants were bilingual in the 

same language pair, and that they all acquired both languages in a natural setting before the 

age of 6, because of being born in a bilingual region. Their languages were typologically 

closely related, and also closely related to the language spoken by the monolingual group. 

Thus, by controlling for these linguistic factors, we have tried to minimize the variables that 

could confound the task results in our study. 

As we have described in chapter 3, our results show that the group of early bilingual 

Frisians differs from the monolingual Germans in general cognitive performance, in that 

they incurred significantly smaller switch effects. This difference was most pronounced in 

elderly participants, which is reflected in a significant interaction between the factors 
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bilingualism and aging in the size of the switching costs. In our study, bilingualism can thus 

be associated with a modulation of an age-related decline in the efficiency of executive 

control. 

The second research question of this project was whether any differences in general 

cognitive performance that we might find between early bilinguals and monolingual 

controls would extend to groups of late bilinguals. Previously, studies that focused on 

performance by bilinguals who acquired their L2 after puberty (Tao et al., 2011; Luk et al., 

2011) concerned groups of young adults. Looking at the performance of middle-aged and 

elderly participants would enable us to disentangle possible effects of the factors age of 

onset and duration of bilingualism. Additionally, the inclusion of an older age-group 

enables an analysis of interactions between bilingualism and aging. Finally, the late 

bilinguals that we tested are fluent in the languages spoken by the early bilinguals and the 

monolingual controls, namely German and Dutch. 

As we have shown in chapter 4, the late bilinguals differed from the monolingual 

controls in that, just like the early bilinguals, they incurred significantly lower switch costs 

and that this difference was most pronounced in elderly participants. The groups of early 

and late bilinguals did not differ in any of the measures that we looked at. Data of the group 

of late bilinguals did not show any correlations between measures of executive control and 

factors reflecting language background, such as age of onset or duration of bilingualism. 

These findings confirm the association between bilingualism and efficiency of executive 

control, in particular switching between mental sets, that we found for early bilinguals, and 

suggest that at least for our group of speakers there is no effect for age of onset or duration 

of bilingualism.  



174 
 

The third research question of this study was whether there were any differences 

between early bilinguals and a group of monolingual controls in linguistic performance, as 

manifested in performance on a verbal fluency task. The main contribution of this study to 

the research field is that we have not only looked at the total number of words that are 

produced in this test, but also at measures of clustering and switching, which may give an 

insight into the processes going on during lexical production. To our knowledge, this is the 

first study that uses this method to investigate what happens to lexical access in bilingual 

aging. Another contribution of this study to the research field concerning this research 

question is that it includes bilinguals who are highly fluent in two languages that are 

typologically strongly related; not only do Dutch and Frisian have many cognates, but many 

lexical items are exactly the same in these two languages. Our study thus has its own 

specific characteristics and dynamics and complements other research that looks at speakers 

of languages that are typologically further apart. 

As we have shown in chapter 5, our study found a difference between the two language 

groups, but did not find a disadvantage for the bilingual group on any of the task 

components. In semantic fluency, bilinguals and monolinguals produced the same numbers 

of words, with a similar age-related decline for both language-groups. On phonological 

fluency, the middle-aged groups performed similarly, but there was an age-related decline 

only for the monolinguals, and not for the bilinguals.  

Our last research question concerned the hypothesis that the same mechanism, i.e. 

language interference, might explain both bilingual disadvantages in verbal performance 

and an advantage in general cognitive performance. The fact that in our study the same 

participants conducted both a verbal and a nonverbal task enabled us to investigate possible 
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interactions between verbal and nonverbal functioning in bilinguals, by looking at 

correlations between the results on these tasks. Within the group of early bilinguals, we 

found significant correlations between the size of the switch and the mix effect on the one 

hand, and scores on semantic fluency and category switching on the other hand. We also 

found that these correlations were mediated by working memory. 

 

7.4. The context and relevance of our study on executive control in a broader sense. 

7.4.1. Transfer of language skills to general cognitive functioning: patterns of age-

related decline. 

The main issue at the heart of the research on effects of bilingualism on cognitive 

functioning is whether and to what extent linguistic skills can transfer to more general 

cognitive functioning. This relates to the central question whether bilinguals depend on 

domain-general executive control mechanisms to achieve language control, or whether their 

language control is managed by a separate mechanism, dedicated specifically to that 

purpose (c.f. Gollan, Sandoval & Salmon, 2011; Costa, Miozzo & Caramazza, 1999). 

Weissberger, Wierenga, Bondi and Gollan (2012) addressed this question in an experiment 

involving a cued language switching and a cued (non-linguistic) task-switching test, and 

Gollan, Sandoval and Salmon (2011) in an experiment involving a verbal fluency test and a 

flanker task. What the studies have in common is that they focused at the performance of 

elderly bilinguals, to see whether patterns of age-related decline were similar in linguistic 

and non-linguistic tasks. Both studies concluded that mechanisms of non-linguistic task 

control and language control are partially shared: for instance, language-intrusion rates 

correlated with flanker task error rates in the elderly group, but were still so rare, that the 
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authors suggest that besides executive control a language-specific control mechanism might 

prevent the occurrence of language intrusion. 

 

7.4.2. Transfer of domain-general language skills to general cognitive functioning: 

switch cost symmetry. 

A few other studies approached the relationship between domain-general, non-linguistic 

executive control and language control by looking at the symmetry of switch costs in both 

linguistic and non-linguistic switching tasks. For instance, Calabria, Hernández, Branzi and 

Costa (2012) reported on a study involving a group of highly proficient, balanced Catalan-

Spanish bilinguals performing a linguistic and a non-linguistic switching task. The idea 

behind this experiment was that highly proficient bilinguals have comparable switch costs 

when switching between L1 and L2 and between L2 and L1. Indeed, the participants overall 

showed symmetrical switch costs in the linguistic switching task, but not in the non-

linguistic switching task, from which the authors conclude that bilingual language control is 

not entirely subsidiary to a domain-general executive control system. 

 

7.4.3. Validity of the use of task-switching tests in the context of bilingual research. 

Another point that has been raised in this context of the relation between domain-general 

and language control (Gollan & Ferreira, 2009; Gollan, Kleinman & Wierenga, 2014) is to 

what extent the switching that is done in experimental designs, for instance cued task-

switching paradigms, is similar to the natural phenomenon of switching languages, because 

in natural, ‘real-life’ settings a switch to another language usually reflects the intention of 

the speaker. Still, Gollan and Ferreira (2009) report switch costs even in experiments 
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involving voluntary switching, from which they conclude that bilinguals switch languages, 

in spite of incurring switch costs, because using words from either language enables them to 

label more concepts (661). Moreover, in a study in which they compare voluntary and cued 

switching, both in linguistic and non-linguistic tasks, they also report robust switch costs for 

all types of switching, a finding which ‘argues against the notion of language control as a 

special case in which switches are necessarily cost-free’ (Gollan, Kleinman & Wierenga, 

2014, p. 20). Nevertheless, they also report some cost-free switches both in linguistic and 

non-linguistic tasks, under limited conditions. It can therefore be questioned in how far 

switching between languages in real life can always be seen as a voluntary process, 

reflecting the speaker’s intention, because language switches tend to be at least partially 

primed by environmental cues, such as the sudden appearance of another person who does 

not speak the language formally engaged upon, or the introduction of a subject that is 

usually discussed in the second language (see also Bialystok, Craik & Luk, 2012; Peeters, 

Runnqvist, Bertrand & Grainger, 2013). 

 

7.4.4. Evidence for transfer of linguistic skills to general cognitive functioning from 

performance on executive control tasks.  

If all, or at least the vast majority of, the studies comparing monolingual and bilingual 

cognitive performance found a difference between language groups, this would also be a 

strong indication that linguistic skills might transfer to general cognitive functioning. On 

the basis of the evidence that groups of bilinguals and monolinguals differed in 

performance on a general cognitive task tapping into executive control (c.f. Bialystok & 

Martin, 2004; Bialystok et al., 2004), Bialystok and her group posed a hypothesis that 
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suggested that in bilinguals the inhibitory control system has been enhanced, because 

during language processing bilinguals would have to inhibit the non-target language. Thus, 

their hypothesis links the evidence for an advantage in bilingual performance to Green’s 

inhibitory control model on bilingual language processing (Green, 1998). However, the 

hypothesis relies on a number of assumptions. The first assumption is the one described 

above, i.e. that linguistic skills can transfer to more general cognitive functioning. Other, 

related assumptions concern Green’s model of language processing. The evidence that 

during bilingual language processing both languages are activated is compelling (see de 

Groot, 2011, for an overview), but it is not clear to what degree this would be the case, and 

whether it also implies that bilinguals have to ‘switch off’ the entire non-target language 

system when processing the target language. In other words, the hypothesis proposed by 

Bialystok suggests that bilinguals have better executive functions because they have been 

trained in applying them for the selection of the right lexical candidate. This idea is 

plausible if for this selection bilinguals rely on general inhibitory processes, but the 

evidence cited in the previous sections suggests that bilinguals at least to some degree also 

rely on local inhibition, i.e. control that is managed by a specific ‘language’ mechanism 

(c.f. Gollan et al., 2011). 

 

7.4.5. Problems with replication: confounding factors.  

Another problem with the interpretation of some of the evidence for a bilingual 

advantage in executive control, is that the hypothesis that is proposed explains the 

difference in cognitive functioning between the two groups by focusing only on the 

difference in language background, whereas there were indications that the groups may 
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have differed in other relevant aspects as well. There may have been differences between 

groups in for instance socioeconomic status, or in other demographic factors (c.f. Morton & 

Harper, 2009). The same problem applies to the first study that reported an advantage for 

bilinguals over monolinguals in older age-groups (Bialystok et al., 2004): the monolingual 

participants lived in Canada, and the bilinguals in India, which in itself can have entailed 

large differences in e.g. diet and other lifestyle factors. The data of this study were 

reproduced in a study by Bialystok, Martin and Viswanathan (2005), but have never been 

replicated. 

 

7.4.6. Problems with replication: inconsistencies across tasks. 

Finally, the results of the study by Bialystok et al. (2004) have also been questioned 

because of the extremely high response times that they reported, especially for the 

monolinguals (Hilchey & Klein, 2011, p. 637). Whereas for older adults the Simon effects 

that are reported are usually around 70 ms. (c.f. Kubo-Kawai & Kawai, 2010; Van der 

Lubbe & Verleger, 2002), the Simon effects for the monolinguals  reported in Bialystok et 

al.’s study were sometimes between 1,000–1,800. One study (Goral et al., 2015) that claims 

to confirm the advantage for bilinguals that was found by Bialystok et al. (2004) differs 

hugely in the size of the Simon effect, while the same age-groups are concerned. Another 

recent study that found an advantage for bilinguals in a Simon-task (Woumans et al., in 

press) shows, surprisingly, that this advantage is not due to faster response times by the 

bilinguals on incongruent trials, but by the relative speed of the monolinguals on especially 

the congruent trials. All the bilinguals, but especially the balanced ones and the interpreters, 

are so slow on the congruent trials of the Simon-task – but, remarkably, not on the 
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congruent trials of the ANT-task – that even though they are also slower on the incongruent 

trials, they show a smaller Simon-effect. This makes it doubtful whether the advantage that 

this study reports for the bilinguals is caused by the same underlying mechanism that was 

hypothesized by Bialystok and her colleagues. It shows that even when studies in this field 

are reportedly in agreement in the sense that they find a bilingual advantage in the same 

task, there are still huge inconsistencies. Such inconsistencies confirm Valian’s observation 

(2015) that it is often not clear what cognitive processes are measured by the different 

executive control tasks. In view of these inconsistencies across studies and the often 

contradictory findings (see the introduction, and for reviews Costa et al., 2009; Hilchey & 

Klein, 2011; Paap and Greenberg 2013; Paap & Sawi, 2014), we prefer the term ‘bilingual 

advantages’ to ‘the bilingual advantage’. The concept of ‘bilingual advantages’ may then 

refer to positive differences between any specific bilingual group and a group of 

monolingual controls in any task assessing cognitive functioning, and may or may not be 

generalizable to other bilingual groups. 

 

7.4.7. Generalizability of task results to other contexts. 

Considering the above, it is crucial that for studies comparing bilingual and monolingual 

performance, we should aim to create groups that are as homogeneous as possible in as 

many aspects of their language background (e.g. frequency of use, number of languages 

spoken etc.) as possible. Of course, this also depends on the research question(s) we want to 

answer. However, even in relatively homogeneous groups, differences between bilinguals 

in language aspects that have not been taken into account might influence task results. In 

order to investigate to what extent these individual differences may play a role in task 
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performance, it is possible to perform within-group analyses. In our study, we performed 

analyses within our fairly homogeneous group of early bilingual Frisians (see chapter 3), 

but not for the other two groups. However, we controlled for the languages the bilinguals 

were proficient in, and in the case of the late bilinguals, for the age after which they 

acquired their L2. Additionally, we controlled for a multitude of demographic factors, as we 

have shown in sections 4.5.1 and 5.3.1. What follows from these observations on the 

multiple aspects of bilingualism and on the variability within groups, is that the results from 

studies on bilingualism can never a priori be generalized to other bilingual contexts. The 

main question at the heart of the interpretation of the results of this study is therefore in how 

far it is likely that the differences that we found between the bilingual and monolingual 

groups are also results of the factor bilingualism. 

 

7.4.8. First account for differences between language groups in general cognitive 

performance: enhancement by bilingualism of executive control. 

The first explanation we can propose for the observed differences in general cognitive 

functioning is that they are indeed a result of the fact that the bilinguals have been speaking 

more than one language, either (in the case of the Frisians) from early childhood onwards, 

or (in the case of the German/Dutch bilinguals) since reaching adulthood or later. This 

interpretation would bring our results for general cognitive performance in line with a 

number of previous studies, in particular those reporting differences between bilinguals and 

monolinguals in task-switching paradigms (Prior & MacWhinney, 2010; Prior & Gollan, 

2011; Gold et al., 2013). On this account, bilinguals’ training in using several languages has 

apparently enhanced a number of interacting executive control processes which are also 
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tapped into during our task-switching test, in particular the ability to switch between mental 

sets and the resistance to proactive interference (a subtype of inhibitory control, see Prior 

and MacWhinney, 2010). 

 

7.4.9. Enhancement of executive control in late bilinguals.  

In the case of the late bilinguals, this interpretation would bring our results also in line 

with the experiments reported on by e.g. Tao et al. (2011) and by Pelham & Abrams (2014), 

suggesting that the age of acquisition, or the duration of the bilingual experience, are not 

crucial for the presence of a bilingual advantage. As we argue in chapter 4, it is even 

possible that acquiring and actively using an L2 at a later age is such a challenging 

experience, that it can result in an enhancement of the cognitive system (c.f. Valian, 2015). 

On such a view, it could be the amount of effort involved in switching between languages 

and/or suppressing the non-target language, rather than the amount of experience that would 

lead to cognitive enhancement. This would be in line with the results recently reported by 

Goral, Campanelli and Spiro (2015): in a study involving older (50-84) Spanish-English 

bilinguals, they found that balanced bilinguals showed age-related decline on a Simon task, 

but dominant bilinguals showed little or no age-related change. The authors suggest that this 

advantage in inhibition of the dominant (i.e., unbalanced) bilinguals over the highly 

proficient (i.e., the balanced) ones may be due to the fact that balanced bilinguals may have 

less need to practice inhibition because their linguistic systems may have become more 

independent already. 
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7.4.10. Inconsistency in the first account of the bilingual advantage, and possible 

explanations.  

However, as we pointed out in both chapters 4 and 5, the advantage that we found for 

our bilingual groups was most pronounced in older adults, and hardly visible in the middle-

aged  participants. It is possible that effects of bilingualism could be more visible in elderly 

age-groups, because this age-group often has a lack of other challenging experiences that 

may have a positive effect on executive control efficiency (cf. Valian, 2015). Bialystok et 

al. (2005) argued that effects of bilingualism are only or most clearly discernible in age-

groups where executive control is either in development (childhood) or in decline (the 

elderly). Still, it is hard to account for the inconsistency between our study and the one by 

Prior and MacWhinney (2010), who reported an advantage for bilinguals over monolinguals 

in college students. Still, as we argued in chapters 4 and 5, it is possible that the 

configuration of our task was not challenging enough for (some of) our middle-aged 

participants, because we had to make the time-intervals between the presentation of the cue 

and the target, and between that of the target and the start of the next trial, long enough for 

elderly participants. This may have resulted in a ceiling-effect for our middle-aged 

participants that could ‘mask’ a potential difference between language-groups in switching 

costs.  

 

7.4.11. The second account for differences between language-groups in general cognitive 

performance: confounding factors. 

However, it is also possible that the difference in efficiency of executive control that we 

found between the bilinguals and monolinguals is confounded by other factors, and that it 
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cannot be attributed to the fact that one group was proficient in more than one language, 

and the other one was not. As we pointed out in chapters 4 and 5, even when both linguistic 

and demographic factors are controlled for, it can never be ruled out that a factor that we are 

not aware of has affected the results of a group study. To make matters more complicated, 

the same argument can be used, but the other way round, for the middle-aged participants in 

our study: they too are likely to have differed in more aspects than language background 

alone, which may have “overshadowed” a possible group difference in cognitive 

functioning. This links up with Valian’s observation (2015) that bilingualism may be just 

one of a multitude of factors – such as musical skills, computer gaming experience, and 

physical exercise – that could have the potential of affecting executive control. In studies 

involving elderly participants it may even be harder to control for confounding factors, 

because our knowledge about our participants’ pasts is limited. Although the elderly are 

often treated indiscriminately as one homogeneous group (see for theories about “ageism” 

e.g. Coupland, Coupland & Giles, 1991), differences between individuals tend to become 

larger with increasing age, particularly because of a cumulative effect of different lifespan 

experiences (but see Myerson, Robertson & Hale, 2007, for opposite views). In other 

words, in groups of elderly participants the intra-individual variability maybe so high that 

we should be extra cautious to attribute a difference between two groups to one particular 

factor – in our case “bilingualism”. 

 

7.4.12. Immigrant status. 

One of the factors that has recently been named as possibly playing a role in studies 

comparing bilingual and monolingual groups is immigrant status. It is obvious that 
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immigrants often have different language backgrounds than people who were native-born in 

that country, but other differences may be relevant as well. Immigrants may either be 

refugees, so that we may be dealing with individuals with traumatic life-experiences, but 

they may also belong to a group that showed special initiative to emigrate to a foreign 

country, and possibly even had to pass a health-screening test to be admitted to the 

immigration country (Kennedy, McDonald & Biddle, 2006; Fuller-Thomson & Kuh, 2014). 

However, it is hard to find people who became bilingual after puberty and were no 

immigrants, unless they became proficient in an L2 because of formal schooling, and this 

factor, because it relates to the amount and type of formal education they received, may also 

set them out from other groups. 

 

7.4.13. Main conclusion from findings on general cognitive task. 

We can conclude that our study did find evidence for a significant difference between 

both early and late bilinguals and monolingual controls in a nonverbal cognitive task 

tapping into executive control, in particular the ability to shift between mental sets. In 

addition, our study associates bilingualism with a modulation of age-related decline in 

elderly bilinguals. As we pointed out in chapter 2, the distinction between bilingualism and 

monolingualism is not binary, but should rather be seen as a gradual scale in a variety of 

linguistic aspects. Since we controlled for the cognateness of the languages involved, this 

study contributes to our knowledge about possible effects of being bilingual in languages 

that are typologically closely related. 
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7.4.14. Evidence from within-group studies. 

Lastly, the relative homogeneity of our early bilingual group enabled us to perform a 

number of within-group analyses in which we could focus on language background. As we 

have shown in chapter 2, we found a significant correlation between the variable ‘language 

balance’ and the efficiency in switching between mental sets. Because this within-group 

analysis is less vulnerable to effects of confounding variables than a group study which 

compares participants from different populations, this evidence for an effect of speaking 

more than one language on general cognitive functioning is compelling. Recently, a few 

more studies have been published that focus on specific aspects of bilingual language use 

by means of within-group analyses. Verreyt et al. (2015) show that self-reported amount of 

language switching (which was highest in a group of balanced bilinguals) is positively 

correlated to an advantage in executive control, particularly conflict resolution. But not all 

studies report advantages for balanced over dominant bilinguals: Goral et al. (2015), report 

that dominant, not balanced bilinguals, showed an advantage in executive control, in that 

there was little or no age-related decline in conflict resolution. The latter finding contradicts 

both Verreyt et al.’s and our findings for balanced and unbalanced bilinguals. This shows 

that even when we reduce the number of confounding factors by analyzing participants 

from one population, this is no guarantee that the results of these studies will be in 

agreement. More than that, it shows that there is a strong need for valid, sensitive research 

instruments, such as questionnaires that can provide detailed pictures of participants’ 

language background and life-style patterns. In this respect, this study has tried to make a 

valuable contribution. 
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7.5. Linguistic performance: the verbal task. 

As we argued before, in contrast to studies on general cognitive performance, studies 

comparing linguistic performance between bilinguals and monolinguals generally agree in 

finding one or more disadvantages for the bilingual groups. It is remarkable that we did not 

find any of these, and that on phonological fluency we even found an advantage for the 

bilinguals, i.e. an association between bilingualism and a modulation of the age-related 

decline in lexical production. In the interpretation of these results, we would first like to 

observe that here, just as for the general cognitive task, we can never be sure whether the 

differences between the groups can entirely be attributed to the factor bilingualism. 

Moreover, because of the verbal nature of the test, we can certainly not generalize the 

results to other types of bilingualism, for instance to bilinguals who are fluent in different 

language pairs. In this case it makes more sense to explain our findings by considering the 

sample-specific characteristics of the bilingual group, in particular by the strong typological 

relatedness of the languages they were proficient in. 

 

7.5.1. Semantic fluency 

On semantic fluency, bilinguals and monolinguals produced the same numbers of words. 

This contradicts most previous research (Rosselli et al. 2002; Gollan et al. 2002; 

Portocarrero et al. 2007; Sandoval et al. 2010; but see Bialystok et al. 2008, who also 

reports similar performance for a bilingual and a monolingual group), which usually reports 

an advantage for monolinguals over bilinguals in this task component. As we argued in 

chapter 2, performance on this task depends to a large extent on the inherent organization of 

the participant’s semantic knowledge (see Portocarrero, Burright and Donovick 2007, 
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Sauzéon et al. 2011). As we showed before, Sandoval et al. (2010), proposed three possible 

reasons why bilinguals would be disadvantaged in lexical production, the first one being a 

smaller vocabulary size. It is certainly possible that the bilinguals in our study had a smaller 

vocabulary than the monolinguals. However, it should be noted that  Dutch, the test 

language of the bilinguals, is the majority language of the bilinguals’ environment and the 

language of education, and that therefore all the bilinguals were highly proficient in that 

language. Moreover, many of the concrete nouns that were the lexical candidates in this 

task are exactly or nearly the same in Dutch and Frisian. Therefore, the bilinguals in our 

study might have been hampered less, or possibly not at all, by a relatively small 

vocabulary size than bilinguals in other studies. 

The second reason proposed by Sandoval et al. why bilinguals would be disadvantaged 

in verbal production was the weaker-links account. The fact that so many lexical items are 

shared between the languages of our bilinguals makes it also less likely that a particular 

word is activated less frequently in a bilingual than in a monolingual speaker. Therefore, the 

Frisian/Dutch bilinguals in this study would not be expected to have slower lexical access 

caused by frequency-in-use effects. The fact that the bilingual group in our study produced 

more words in semantic clusters, and also larger clusters than the monolinguals, is 

remarkable. It implies that this specific group of bilinguals does not have a disadvantage 

compared to monolinguals related to vocabulary size or the activation of lexical items 

within a semantic field.  

The third reason that Sandoval et al. proposed for possible differences in lexical 

production between bilinguals and monolinguals was the between-language interference 

account. However, language interference has probably played a relatively small role in the 
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current study, because if a word is the same in both languages, there can hardly be any 

interference from the non-target language while that word is being produced in the target-

language. Remarkably, the late bilingual Germans, whose performance on the verbal 

fluency test is not included in this study, frequently reported to the research assistant that 

they were hampered in their performance (in German) because of interference by lexical 

items in the non-target language (Dutch). The Frisians never mentioned such an effect. 

However, in one condition (‘jobs’ in semantic fluency) they were given the choice to 

produce words in either Dutch or Frisian. They seldom used this opportunity and only 

produced Dutch items, because they suggested it would be confusing to switch between 

their languages. 

 

7.5.2. Age-related effects in semantic fluency. 

As regards age-related effects, our study can confirm a general age-related decline in 

semantic verbal fluency performance (Troyer 2000; Acevedo et al. 2000), with a similar 

age-related decline for both language-groups. On the one hand, based on evidence that 

bilinguals suffer for instance more tip of the tongue experiences than monolinguals (cf. 

Gollan & Acenas, 2004), and that these problems are also typically associated with 

increasing age, we would have expected an interaction here between bilingualism and 

aging. On the other hand, our finding confirms the hypothesis proposed by Gollan, 

Fennema-Notestine, Montoya & Jernigan (2007) that the decline in lexical access in older 

age might not be stronger for bilinguals than for monolinguals. We propose that again 

sample-specific characteristics of our group may have played a role here.  
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The age-groups also differed in the processes of clustering and switching. Elderly 

participants had significantly higher cluster ratios than middle-aged ones, and also a larger 

mean cluster size. This may reflect a decline in mental flexibility, resulting in a reduced 

ability to switch between different word clusters. At the same time, it may reflect larger 

semantic networks (see Park et al, 2002, for evidence that vocabulary size grows with 

increasing age), which would enable elderly participants to produce more lexical items 

within one semantic cluster.  

 

7.5.3. Phonological fluency. 

On phonological fluency, middle-aged bilinguals and monolinguals produced the same 

number of words, but whereas there was a significant age-related decline for the 

monolinguals, the elderly bilinguals produced as many words as the middle-aged bilinguals, 

and significantly more than the elderly monolinguals. The absence of a disadvantage for the 

bilinguals is not so surprising when we consider that the majority of previous studies found 

such a disadvantage in bilingual performance on semantic rather than on phonological 

fluency (e.g. Portocarrero, Burright &Donovick, 2007). The main explanation for the 

relatively better performance by bilinguals on phonological fluency is that it would depend 

more on inhibitory processes and effortful search strategies than on the organisation of 

semantic knowledge and vocabulary size. This theory was confirmed by Bialystok et al. 

(2008), who report that in one study the bilingual disadvantage on phonological fluency 

disappeared when vocabulary size was controlled for, and that in a second study a group of 

highly proficient bilinguals outperformed both low-proficient bilinguals and monolinguals. 
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When considering the analyses of clustering and switching, we can see that there was a 

trend for the bilinguals to have higher cluster ratios than the monolinguals, implying that 

they made more clusters. For the phonological trial with the highest word-scores, this 

difference was even significant. Since cluster ratio was positively related to overall 

performance, we can conclude that the bilinguals employed a better strategy to retrieve 

words than monolinguals.  

 

7.5.4. Age-related effects in phonological fluency 

As regards age-related effects, our study showed that only the monolingual group 

showed an age-related decline for the word score on phonological fluency. As far as we 

know, this is the only study finding this association between bilingualism and a modulation 

of age-related decline. Bialystok et al (2008) found an advantage in phonological fluency 

performance for a young group of high-proficient bilingual students, but in an experiment 

reported on in the same paper, a group of elderly monolinguals outperformed bilingual 

counterparts, without interaction between age and bilingualism.  

We suggest three possible explanations for the relatively high performance of the elderly 

bilinguals in our study. In the first place, the bilingual experience may have boosted their 

general cognitive functioning, in particular inhibitory processes. The second possibility is 

that especially our elderly group may have used better search strategies. This possibility 

seems likely when we take into account that the bilinguals had higher cluster ratios than the 

monolinguals, a measure that is positively correlated with overall performance, and that the 

elderly also had higher cluster ratios than the middle-aged groups. We propose that the use 

of better search strategies is possibly related to better developed metalinguistic awareness. 
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A number of studies report higher metalinguistic awareness for bilinguals, and observations 

during testing confirm the impression that the bilinguals were much more concerned with 

language. Last, it is always possible that our results are confounded by other, non-linguistic 

factors. As pointed out in chapter 3, besides age, education seems the main predictor for 

performance on verbal fluency tests. 

 

7.5.5. Summary verbal functioning. 

In summary, our study found a difference in linguistic functioning between the early 

bilingual group and the monolingual controls. Contrary to what could be expected from 

earlier research, we did not find any disadvantage for the bilingual group. The bilinguals 

even performed better, in that elderly bilinguals, unlike their monolingual counterparts, did 

not show an age-related decline on phonological fluency. We propose that this advantage 

may have been caused by either better inhibitory functions or by a better word search 

strategy, reflected by the fact that bilinguals produced relatively more clusters, a measure 

correlating positively with word scores.  

It is remarkable that both in the general cognitive task and in the verbal task elderly, but 

not middle-aged bilinguals significantly outperform the monolingual controls. These 

associations between bilingualism and a modulation of age-related decline in cognitive 

functioning lead us back to the final research question of this study. This concerns 

interactions between general and verbal cognitive performance. More particularly, we 

addressed the hypothesis whether the same mechanism, i.e. language interference, might 

explain both potential bilingual disadvantages in verbal performance and advantages in 

general cognitive performance. 
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7.6. The interaction between the general cognitive task and the linguistic task. 

As we reported in chapter 3, correlation analyses within the group of early bilinguals 

showed significant correlations between performance on semantic fluency and its subtask, 

category switching, and on the task switching test, implying that participants producing a 

higher number of verbal responses were less troubled by having to switch between tasks. In 

chapter 3, we proposed that this association between lexical retrieval and executive control 

suggests that the bilinguals’ disadvantage in verbal performance and their advantage in 

nonverbal cognitive performance could be results of the same underlying mechanism. We 

agree with Bialystok’s Interaction Hypothesis (2008, p. 870) in so far that apparently 

bilinguals with the most effective control processes (that is, those who perform best on the 

task-switching test) do also perform best on fluency tests. However, this interaction does 

not necessarily imply that the relatively high performance of these bilinguals is a result of 

the fact that their well-developed executive control abilities enable them to cope better with 

lexical competition. As we already suggested in chapter 3, the interaction between the early 

bilinguals’ performance on the task-switching test and the semantic fluency tests seems to 

be mediated by working memory. This implies that individuals with higher working 

memory capacity tend to perform better on both task switching and semantic fluency tests. 

Still, our analyses of the processes of clustering and switching show that performance on 

semantic fluency tasks depends partly on the ability to switch between mental sets as well. 

This may be another reason why good switchers (that is, in general cognitive switching 

tasks) also perform well on these fluency tasks. 
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Chapter 8  

Conclusion 

The aim of the project reported on in this dissertation was to find out whether bilinguals 

and monolinguals differ in specific executive functions and in specific aspects of language 

processing. As we have described in this dissertation, the results of our study show 

significant differences between groups of bilinguals and of monolingual controls, both in 

performance on a task-switching test and on a verbal fluency task. We have also pointed out 

that we think that these findings make a relevant contribution to the literature, because our 

study controls for the participants’ languages, involving speakers of languages that are 

typologically closely related. Besides, as far as the verbal fluency test is concerned, an 

important characteristic of our study is that in the two languages of the early bilinguals 

many words are exactly the same. In addition, in our study we controlled for a large number 

of demographic variables to make sure that the participants in different groups were 

matched in as many respects as possible. 

In this section we would like to make some observations to contextualize the results and 

put them in a wider perspective. A good 10 years have passed since the publication of the 

seminal studies by Bialystok and her group, which reported significant advantages in 

executive functions, especially inhibition and controlled attention, for groups of bilingual 

children (Bialystok & Martin, 2004) and of bilingual adults (Bialystok et al., 2004). These 

studies had such an impact, that some of its limitations were initially ignored. Some of the 

findings appeared to be less robust than initially assumed, and a large number of studies 

failed to find any difference in task performance between bilinguals and monolinguals. 

Nevertheless, from the relatively limited evidence of an advantage for a bilingual over a 
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monolingual group, a hypothesis was developed: during bilingual language processing, 

bilinguals would have to inhibit the non-target language, and this practice would transfer to 

an enhancement of the efficiency of inhibitory processes more generally. Even though this 

hypothesis was adapted over the years, it has held the research concerning bilingualism in a 

firm grip. Still, whereas in the beginning studies in this field mainly searched for the 

mechanism behind the bilingual advantage, the debate is now focusing more and more on 

the question whether the bilingual advantage in executive functions exists, and if so, for 

what type of bilinguals what type of advantage would be applicable. In other words, the 

research has already become more sophisticated, in that its topic has changed from ‘the 

bilingual advantage’ to the possible advantages that types of bilingualism in specific 

contexts can bring. 

As we have argued in the introductory chapter (p. 4), bilingualism is not a binary 

concept, but rather a multi-dimensional scale, comprising many different aspects on which 

individuals may differ. Usually, the distinctive criterion in group studies for being bilingual 

or monolingual is the number of languages individuals are proficient in, but the degree of 

proficiency in the L1 and L2, age of acquisition, etc. are all aspects that may play highly 

significant roles, in any conceivable direction. To give an example, whereas initially it was 

assumed that it was especially early, balanced  bilingualism that might lead to an advantage, 

more recently evidence was reported that an advantage was only found in dominant, but not 

in balanced bilinguals (Goral, 2015), which is opposed to our own findings. All the 

different aspects of ‘being bilingual’ make it difficult, if not impossible, to generalize the 

results of a group study comparing bilingual and monolingual performance to other types of 

bilingualism. In this dissertation, we have therefore explicitly emphasized that our results 

cannot a priori be generalized to other bilinguals, but we hope that we have also made it 



197 
 

sufficiently clear that in our view this limitation extends to all other studies on this topic. 

One of the reasons why some authors of previous studies failed to be aware of the limited 

generalizability of their findings may be that in some countries the distinction between 

bilingualism and monolingualism seems to be more absolute than in others. In the 

Netherlands, for instance, almost everyone is to some degree proficient in more than one 

language; only the level of proficiency, and the number of languages an individual is 

proficient or fluent in, vary. That is why a study comparing ‘bilinguals and monolinguals’ 

cannot and should not be carried out within the borders of the Netherlands. We are aware 

that this distinction would oversimplify, and not do justice to the wideness and variety of 

the linguistic landscape of the Dutch society. This is also the reason why we chose to 

involve German – functional- monolinguals in our study, since knowledge of, and 

especially fluency in, a foreign language is still much less common in Germany than in the 

Netherlands. 

However, as we pointed out in the previous chapters, when for a study participants are 

recruited from different populations, this inevitably leads to the possibility of confounds by 

other variables. In the US and Canada for instance, most bilinguals have immigrant 

backgrounds, and as we have shown, this may lead to a bias between groups (Fuller-

Thomson & Kuh, 2014) – a bias that, as we observed in chapter 6, may have played a role 

in our study involving the late bilingual group, as well. Neither can we rule out the 

possibility that differences between for instance Germans and Frisians that we were not 

aware of and that could not be ‘captured’ in our demographic analysis, played a role, and 

that these differences between the groups may have had more impact on their task 

performance than the difference in language background. As we argued in chapter 4, the 

effect of the factor language balance that we found within the group of early bilingual 
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Frisians is therefore perhaps the most compelling evidence for a bilingual effect that we can 

report. Even then, this evidence is only an indication, but seen against a background of a 

huge, ever increasing amount of evidence either in favor or against a bilingual advantage, a 

piece of evidence in a context where no effects of different populations may have played a 

role, may become a beacon pointing in possible directions for further research. 

During the test sessions, the discussions that followed filling out the language 

questionnaire often evoked long stories and anecdotes about people’s past histories and 

experiences. Even individuals who at first sight had very similar (language) backgrounds, 

were shown to be very different in so many aspects, in the interviews following a test 

session. This inevitably leads to questions, such as how much do we know about people’s 

pasts, and also, how much can we capture about it in a questionnaire, and how much do past 

experiences affect performance on an executive functions test? In this respect, the 

observations made by Valian (2015) make perfect sense. Even if bilingualism is a factor 

that may affect the efficiency of executive control, it is very likely not the only one. The 

problem is that it may not be the most important one, but still the one that we are focusing 

on. 

In the time when this study was set up, the debate about ‘the bilingual advantage’ had 

only just begun. Now that we are right in the middle of it, it is as if we are getting lost in an 

ever increasing amount of studies, which only seldom seem to be in agreement with one 

another. In such a dense and impenetrable forest it is hard to point in a direction for research 

that can ‘find a way out’. For one thing, with such a mass of contradictory evidence 

provided by previous research, it seems hardly possible that one, perfectly designed study 

could ever be set up which could provide final, conclusive evidence either in favor or 
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against a bilingual advantage, or for that matter, a disadvantage. Instead, we should perhaps 

reconcile ourselves to the idea that the question whether the bilingual advantage in 

executive functioning exists is far too complex and dynamic to be answered with a simple 

yes or no. Thelen and Smith (1994) argue that, just like other human developmental 

processes , the cognitive system does not develop under the influence of one single cause, 

but rather through a set of complex interactions that change over time. This does not rule 

out the possibility that group studies that control for a number of possibly relevant factors 

can provide more insight into effects of possible confounds. This study has focused on 

participants that were bilingual in typologically closely related languages. It would be 

interesting to conduct a complimentary study involving participants who are bilingual in 

languages that are typologically further apart. As has been argued in chapter 5, within-

group studies are very suitable for looking at effects of a particular aspect of language use, 

because they decrease the risk of being confounded by effects of other variables. We also 

argued that for this type of experimental research there is a need for valid, sensitive 

instruments, such as questionnaires that can give a full and detailed picture of a 

participant’s behavior over the life span. Longitudinal studies, which examine how the 

efficiency of cognitive functioning develops over time, may also provide further insight. 

Another way out of the forest might be a more fundamental, reflective approach. In the 

first place, this can entail setting up studies that try to answer the more fundamental 

questions underlying the issue of the bilingual advantage in executive functioning. This 

relates to questions that refer to the relation between domain-general and language control, 

such as to what extent the training of linguistic skills can transfer to more general cognitive 

functioning. When we gain more insight into the general restrictions of such a transfer, it 

could also tell us something about the restrictions of bilingual effects. Even then, a 
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restriction on the possibility of such a transfer need not imply that bilingual (dis)advantages 

cannot exist. Bilingualism, as we pointed out in the introductory chapter, does not only 

entail that some individuals have brains with multiple linguistic representations that may be 

in mutual competition. As Grosjean argued, ‘Bilinguals are not two monolinguals in one’ 

(2010). It also implies that individuals have been in contact with multiple cultures, either as 

immigrants, because of being born or raised in a bilingual region, or because of any other 

environmental context, such as the demand to learn a second language in classroom 

conditions. In most cases, this implies they have been dealing with the need or the challenge 

to adapt, and to adopt strategies, to deal with the different demands put on them by having 

to cope with multiple languages and multiple cultures. In other words, speaking more than 

one language does not only have an impact on a purely psycholinguistic level. Future 

research into bilingual (dis)advantages could benefit from taking all these aspects into 

account. 
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Appendices  

Appendices chapter 4 

Appendix 1 

Factor Estimate Std. Error t-value 

(Intercept) 6.6095501 0.0335004 197.3 

Switch trials (A) 0.2030448 0.0130153 15.6 

Bilingual (B) -0.0083552 0.0459906 -0.18 

Age (C) 0.0124233 0.0024063 5.16 

Working memory span (D) -0.0643661 0.0340273 -1.89 

A x B -0.0479578 0.0178326 -2.69 

A x C 0.0035451 0.0009371 3.78 

B x C -0.000611 0.0032101 -0.19 

A x D 0.0220077 0.0131845 1.67 

B x D 0.0065547 0.0441883 0.15 

C x D -0.004494 0.0026536 -1.69 

A x B x C -0.0026994 0.0012487 -2.16 

A x B x D -0.0338823 0.0171086 -1.98 
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A x C x D 0.0012914 0.0010254 1.26 

B x C x D 0.0075077 0.0033513 2.24 

A x B x C x D -0.0018236 0.0012985 -1.4 
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Appendix 2 

To analyze the effects of Bilingualism and Age on the mixing costs, a linear mixed effect 

model was fitted to the non-aggregated response times in the single blocks and the 

repetition trials in the mixed blocks. The fixed effects that were included in the model were 

Bilingualism (two levels, monolingual vs. bilingual), Age (continuous, centered, with an 

average of sixty years), Trial Type (within-subject, two levels, single block trials vs. 

repetition trials), Memory Span (Corsi Forward Span, continuous, centered) as well as the 

full set of interactions. As random effects, by-subject random intercepts were included, with 

by-subject random slopes for the factor Trial Type. Again, we here convert the estimates 

back to the RT scale (for exact, log-scale estimates, standard errors and t-values, please 

refer to Table A.2).  

Here, the unconditional expected mean of 551 ms represents the condition in which a 

monolingual sixty-year old participant with an average Corsi Forward span responds to a 

single block trial. According to the fitted model, the response times in the repetition trials of 

the mixed blocks are significantly longer than in the single block trials (mixing costs  194 

ms, β = 0.3, SE = 0.02, t = 12.36) and further increase with age (3 ms, β = 0.005, SE = 

0.002, t = 2.97). The type of trial and the factor Age show a significant interaction, with 

response times in the repetition trials showing an additional increase with age, and thus 

larger mixing costs (4 ms, β = 0.007, SE = 0.002, t = 4.07). The only reliable effects of 

bilingualism and working-memory span that we find in our data are manifested in the form 

of a significant quadruple interaction that does not have a straightforward interpretation. A 

formal model comparison of the present model with a model that does not include an effect 

of Memory span shows that the present model is superior (χ
2
 = 17.179, p = 0.0283). A 
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formal model comparison with a model that does not include Bilingualism shows that this 

factor does not add significantly to the model (χ
2
 = 12.492, p = 0.1306). 

Factor Estimate Std. Error t-value 

(Intercept) 6.3114495 0.0249531 252.93 

Repetition trials (A) 0.3016978 0.0244124 12.36 

Bilingual (B) -0.0266561 0.0342922 -0.78 

Age (C) 0.0053267 0.0017931 2.97 

Working memory span (D) -0.0352575 0.0255769 -1.38 

A x B 0.0176993 0.0335418 0.53 

A x C 0.0071421 0.0017552 4.07 

B x C 0.0019366 0.0023934 0.81 

A x D -0.0300949 0.0250199 -1.2 

B x D -0.0213429 0.0331269 -0.64 

C x D -0.0009527 0.0019804 -0.48 

A x B x C -0.002624 0.0023419 -1.12 

A x B x D 0.0297461 0.0323992 0.92 

A x C x D -0.0035335 0.0019368 -1.82 
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B x C x D 0.0012239 0.002502 0.49 

A x B x C x D  0.0062792 0.0024469 2.57 
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Appendices chapter 5 

Table A1 List of real words and pseudo words in the Dutch lexical decision test. 

Pseudo words Dutch words 

molent 

rippe; 

zwoekel 

zaring 

fleper 

opix 

garlein 

rataat 

bismul 

stalij 

stolno 

zeba 

tabuit 

wirke 

suppel 

sulpa 

tatis 

trochee 

deuvel 

emelt 

feston 

leuver 

terzet 

tichel 

tapuit 

waring 

zeugma 

mispel 

graveel 

triool 

kegge 

glottis 

raglan 

vagant 

loeres 

tartan 
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timpel 

tjommer 

kruweel 

pading 

leuvel 

dalms 

amolt 

flieret 

formint 

garwei 

gibas 

ratei 

laver 

daffel 

droevel 

joegel 

roespel 

rister 

gloten 

klottis 

tegge 

tonder 

unster 

plevier 

piston 

sjanker 

affuit 

lemma 

tuba 

gribus 

mergel 

torsie 

boemel 

beiaard 

grafiet 

lobbes 

fagot 

foneem 

gemaal 

kwibus 

menie 

hospik 

tengel 

kavel 
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takker 

botien 

diroot 

gruweel 

liezer 

vineur 

noppel 

volum 

triaal 

prijzel 

katries 

riglon 

snakkel 

teppel 

zubel 

karzijn 

limpoet 

spagiet 

divaat 

kikkel 

vanyl 

mossing 

bagger 

grutto 

heisa 

fregat 

wingerd 

forens 

blazoen 

wikkel 

schorem 

stoppel 

blubber 

laurier 

griezel 

rimboe 

schavot 

larve 

idool 

vertier 

patent 

radar 

baken 

eczeem 
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sikraat 

panet 

atal 

rabus 

epak 

lotan 

triffel 

ruiffel 

bronje 

alkaaf 

penier 

kijzel 

klievaar 

loster 

lazet 

kiebus 

kniller 

tumoer 

pralon 

vardaal 

relies 

iksel 

bochel 

zegel 

orkaan 

stuiver 

kabaal 

polder 

skelet 

boeket 

divan 

portiek 

bordeel 

ijver 

parel 

matroos 

karwei 

akker 

perron 

druppel 

venster 

kwartier 

haven 

suiker 
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kwaping 

londe 

hirton 

zinde 

kwander 

klader 

bekaap 

lennis 

ziemte 

andrek 

ruden 

ontiel 

kloeper 

ipzat 

sloka 

spogel 

gevaar 

twijfel 

bezoek 

gezin 

spiegel 

dochter 

waarde 

minuut 

gevoel 

jongen 

manier 

wereld 

moeder 

verhaal 

begrip 

bovist 
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Table A2 List of pseudo words and German words in the German lexical decision test. 

Pseudo words German words 

verflügeln 

erzeichnen 

vereindrucken 

benahtigen 

verbuschen 

hindeln 

errappen 

gewundern 

hedern 

verschelden 

beherberden 

aktualitieren 

verneteln 

zergrauen 

achselklappe 

andienung 

kuhhandel 

leutselig 

morgengabe 

nasenstüber 

protzig 

querschiff 

rechtsverletzung 

schwarzdrossel 

hosenbund 

irrgläubig 

hausverwalter 

klatschnass 
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zerloben 

zerschauen 

beweihen 

entwühlen 

gelauschen 

erspötteln 

überanlagen 

exgenerieren 

wringeln 

brallen 

textuhren 

repezieren 

prömenieren 

formalieren 

imprognieren 

indoktronieren 

morgendämmerung 

klimpern 

fletschen 

hinaustreiben 

umgreifen 

verpesten 

überfischen 

punktieren 

verhaspeln 

entschleiern 

panschen 

mauer 

gegenwart 

katholisch 

erziehung 

weitgehend 
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beneuerung 

erknüpfung 

aussätzlich 

monumenzal 

erwertung 

befachnis 

überlohnung 

verantrag 

ritalisierung 

krimatisierung 

spögel 

abgetasselt 

unbenahbar 

verhaulung 

übersatz 

gewankelmütig 

verlust 

anwendung 

gegenstand 

widerstand 

vergleich 

wirksam 

fertig 

zweifel 

ereignis 

botschaft 

durchsetzen 

erläutern 

erfahren 

unterstreichen 

verwandeln 

berücksichtigen 
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stass 

obergabe 

gättung 

schweinwerfer 

steier 

örtschaft 

erwirkungsvoll 

umgenau 

überknüpfung 

verstörer 

dräche 

rolltrappe 

stümpf 

befehlpflichtig 

kronung 

neulandigkeit 

auftreten 

aussprechen 

wagen 

erweisen 

seite 

volk 

sprecher 

mond 

untersuchung 

beruf 

schwierig 

glück 

anlage 

schiff 

urteil 

grundsätzlich 
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schäufel 

hüngrig 

neefe 

mäule 

seebe 

kogel 

brändung 

wünzig 

martig 

wärung 

gräusam 

nachdrück 

pfendler 

prinzip 

forschung 

verlag 

gewinnen 

empfangen 

ändern 

fehlen 

behaupten 

besitzen 

eignen 

begreifen 

erzählen 

entsprechen 
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Table A3.Linear mixed effect model parameters for the switching costs analysis, 

monolinguals vs. early and late bilinguals, including a contrast between early and late.  

BIL=Bilingualism; WM= Working Memory 

 
Fixed factors Estimate Std.Error df t Pr(>|t|) Significance 

(Intercept) 6.608 0.037 156.87 179.76 0.000 *** 

Switchtrials 0.205 0.015 216.55 13.44 0.000 *** 

BIL -0.004 0.043 156.16 -0.10 0.923 

 Age 0.012 0.003 157.08 4.61 0.000 *** 

WM -0.065 0.037 156.8 -1.77 0.080 . 

Switchtrials:BIL -0.053 0.018 204 -2.99 0.003 ** 

Switchtrials:Age 0.004 0.001 217.94 3.33 0.001 ** 

BIL:Age 0.002 0.003 155.96 0.75 0.454 

 Switchtrials:WM 0.022 0.015 214.45 1.45 0.148 

 BIL:WM 0.024 0.043 155.92 0.56 0.576 

 Age:WM -0.004 0.003 156.7 -1.57 0.119 

 BIL:LATE 0.028 0.044 154.24 0.65 0.520 

 Switchtrials:BIL:

Age -0.004 0.001 198.24 -3.19 0.002 ** 

Switchtrials:BIL:

WM -0.033 0.018 199.76 -1.85 0.066 . 

Switchtrials:Age:

WM 0.001 0.001 212.41 1.09 0.277 

 BIL:Age:WM 0.005 0.003 156.01 1.47 0.144 
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Switchtrials:BIL: 

LATE -0.006 0.017 172.78 -0.33 0.740 

 Switchtrials:BIL:

Age:WM -0.002 0.001 198.45 -1.21 0.228 

 Repetitiontrials:

BIL:Age:LATE 0.006 0.003 153.44 1.58 0.117 

 Switchtrials:BIL:

Age:LATE 0.003 0.003 153.29 0.88 0.382 

 Repetitiontrials:

BIL:WM:LATE 0.035 0.045 153.53 0.79 0.432 

 Switchtrials:BIL:

WM:LATE 0.038 0.043 153.33 0.89 0.377 
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Table A4. Linear mixed effect model parameters for model 2 (mixing costs analysis, 

monolinguals vs. late bilinguals). 

 

Fixed factors Estimate Std.Error df t Pr(>|t|) Significance 

(Intercept) 6.311 0.027 106.4 235.52 0.000 *** 

Repetition trials 

(REP) 0.302 0.026 113.3 11.67 0.000 *** 

Late Bilingualism 

(LATE) 0.007 0.035 105.3 0.19 0.850 

 Age 0.005 0.002 106.4 2.76 0.007 ** 

WM -0.036 0.027 106.5 -1.31 0.194 

 REP:LATE -0.006 0.033 109.3 -0.19 0.853 

 REP:Age 0.007 0.002 113.5 3.72 0.000 *** 

LATE:Age 0.004 0.003 105 1.63 0.107 

 REP:WM -0.031 0.026 113.3 -1.19 0.238 

 LATE:WM -0.005 0.037 105.2 -0.13 0.898 

 Age:WM -0.001 0.002 106.4 -0.44 0.660 

 REP:LATE:Age 0.000 0.003 107.3 -0.06 0.951 

 REP:LATE:WM 0.033 0.035 108.7 0.95 0.346 

 REP:Age:WM -0.004 0.002 113.1 -1.77 0.080 . 

LATE:Age:WM -0.003 0.003 104.8 -0.85 0.398 

 REP:LATE:Age: 

WM 0.003 0.003 107.2 1.18 0.242 
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Nederlandse samenvatting 

Tweetaligheid is de afgelopen decennia uitgegroeid tot een zeer populair onderwerp, niet 

alleen als onderzoeksthema voor taalwetenschappers, maar ook als gesprekonderwerp bij 

het grote publiek. Dankzij de toenemende mobiliteit van grote delen van de 

wereldbevolking is men zich er van bewust geraakt dat het vloeiend beheersen van meer 

dan een taal praktische voordelen met zich meebrengt. Intussen heeft er in de houding ten 

opzichte van tweetaligheid een ommekeer plaatsgevonden. Terwijl er in het verleden de 

vrees bestond dat tweetaligheid bij jonge kinderen zou kunnen leiden tot stotteren en zelfs 

tot ontwikkelingsachterstanden, verscheen er in het begin van de jaren zestig de eerste 

studie die deze aannames in twijfel trok. Peal en Lambert (1962) vergeleken de prestaties in 

een aantal verbale en cognitieve taken van groepen een- en tweetalige kinderen die wat 

betreft factoren als sociaaleconomische achtergrond met elkaar overeenkwamen, en 

ontdekten dat de tweetalige kinderen op een aantal tests juist beter presteerden dan hun 

eentalige leeftijdsgenootjes. Ruim 25 jaar later rapporteerden Bialystok en haar 

onderzoeksgroep in Toronto dat tweetalige kinderen beter waren dan eentalige kinderen in 

een aantal metalinguïstische taken (1988). Tweetalige kinderen bleken bijvoorbeeld beter in 

staat om onderscheid te maken tussen of een zin grammaticaal correct was (‘ik loopte door 

de straat”), of correct wat betreft de betekenis (“appels groeien aan neuzen”). In twee latere 

studies, beide uit 2004, ontdekte dezelfde onderzoeksgroep dat groepen tweetalige 

kinderen, en ook tweetalige volwassenen en ouderen, in een algemeen cognitieve taak 

eveneens beter presteerden dan eentalige leeftijdsgenoten. In de Simon taak moeten 

proefpersonen door op een toets aan de rechter, of juist aan de linkerkant van het 

toetsenbord te drukken, de kleur aangeven van de figuurtjes die achtereenvolgens op het 

computerscherm verschijnen. Als de plaats van de toets die moet worden ingedrukt niet 
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overeenkomt met de plaats (dwz, links of rechts) op het scherm waar het figuurtje 

verschijnt, ontstaat er een conflict en worden de gemiddelde reactietijden langer. In het 

experiment van de onderzoeksgroep van Bialystok bleek de toename in de reactietijden veel 

kleiner te zijn bij de tweetaligen dan bij de eentaligen, en bij de volwassenen werd dat 

verschil tussen de groepen groter naarmate de proefpersonen ouder werden. De tweetaligen 

hadden blijkbaar minder last van het conflict dat ontstaat door het moeten omgaan met 

tegenstrijdige informatie. Een kleiner Simon-effect duidt daarom op betere inhibitie, wat 

wil zeggen dat men beter in staat is om informatie die op dat moment irrelevant is te 

onderdrukken. Op basis van deze onderzoeksresultaten werd een hypothese geformuleerd: 

tweetaligen zouden beter ontwikkelde inhibitie hebben, doordat ze tijdens het spreken de op 

dat moment niet-gewenste taal, die voortdurend geactiveerd wordt, moeten onderdrukken. 

Door jarenlange training van deze executieve functie zouden tweetaligen ook op andere 

cognitieve vlakken beter kunnen omgaan met conflictsituaties, waarbij niet-relevante 

informatie moet worden weggedrukt.   

Deze studies van Bialystok en haar groep deden veel stof opwaaien en vormden het begin 

van een groot aantal studies naar het door hen ontdekte voordeel van tweetaligheid. De 

studies bleken echter lastig te repliceren, en de resultaten van de studies die volgden 

spraken elkaar vaak tegen. Een van de kernvragen van deze vervolgstudies was welke 

factoren er een rol zouden kunnen spelen voor het wel of niet optreden van een voordeel 

van tweetaligheid. Zou iemand die pas op latere leeftijd een tweede taal ging spreken ook 

betere inhibitie ontwikkelen, of zou het voordeel alleen gelden voor iemand die van jongs af 

aan met twee talen was opgegroeid? En zou het verschil maken of de talen die iemand sprak 

nauw verwant waren, of juist sterk van elkaar verschilden? Een andere vraag was welke 
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executieve functies er misschien versterkt zouden worden door tweetaligheid, of dat het 

mogelijk om een interactie van deze functies zou gaan. 

Ondanks de optimistische geluiden lijkt tweetaligheid ook nog een schaduwkant te hebben. 

Tweetalige kinderen hebben in elk van de talen afzonderlijk meestal een kleinere 

woordenschat dan hun leeftijdsgenootjes (Mahon & Crutchley, 2006). Voor volwassenen 

lijkt dat niet altijd het geval te zijn, maar zij hebben vaak meer problemen met het vinden 

van woorden, vooral naarmate ze ouder worden (Gollan & Acenas, 2004). Het is niet altijd 

duidelijk waardoor dit wordt veroorzaakt. Sommige tweetaligen hebben ook als 

volwassenen een kleinere woordenschat dan eentaligen.  Een andere verklaring is dat de 

woorden in elk van de twee talen afzonderlijk minder vaak worden geactiveerd dan als er 

maar een taal wordt gebruikt. Tot slot is er de verklaring dat tweetaligen vaak langzamer het 

juiste woord zouden kunnen vinden door interferentie uit de tweede taal. Bialystok (20o8a) 

speculeerde dat het mechanisme van interferentie mogelijk ten grondslag zou kunnen liggen 

aan zowel het tweetalige voordeel wat betreft executieve functies, als aan het nadeel dat 

tweetaligen vaak vertonen wat betreft het ophalen van lexicale informatie, zoals dat 

bijvoorbeeld wordt gemeten met behulp van woordproductietests. Een van deze tests is de 

verbal fluency test: hierbij moeten proefpersonen in een minuut tijd zoveel mogelijk 

woorden opnoemen uit een semantische categorie, zoals dieren, of groenten en fruit, of 

woorden beginnend met dezelfde letter. 

In deze dissertatie wordt verslag gedaan van een onderzoeksproject waarin is gekeken naar 

mogelijke verschillen tussen groepen een- en tweetalige proefpersonen wat betreft 

algemeen cognitief functioneren, dat wil zeggen de efficiëntie van executieve functies, en 

wat betreft het ophalen van lexicale informatie. Omdat er juist bij ouderen mogelijk 
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veranderingen kunnen worden verwacht wat betreft hun cognitief functioneren, en omdat 

tweetaligheid hier mogelijk op van invloed zou kunnen zijn, is er specifiek gekeken naar 

volwassenen van middelbare leeftijd en ouderen, dat wil zeggen tussen de 65 en 85 jaar 

oud. Wat betreft de taalgroepen is er gekeken naar Germaanse talen die nauw aan elkaar 

verwant zijn. De functioneel eentaligen spraken Duits of, in twee gevallen, Engels; de 

tweetaligen die van jongs af aan met twee talen zijn opgegroeid spraken Nederlands en 

Fries, en tweetaligen die pas na hun twintigste actief twee talen zijn gaan beheersen, 

spraken Nederlands en Duits. Het algemeen cognitief functioneren is gemeten door middel 

van een task-switching test, waarbij proefpersonen afwisselend de kleur en de vorm moeten 

benoemen van een figuurtje dat op het computerscherm verschijnt. Deze taak is gebaseerd 

op de test waarover wordt gerapporteerd door Prior en MacWhinney (2010). Het 

werkgeheugen is gemeten door middel van een Corsiblokken test, waarbij een toenemend 

aantal blokjes moet worden aangetikt in de juiste volgorde, en de lexicale productie door 

middel van de hier eerder beschreven verbal fluency test. 

Wat betreft de algemeen cognitieve task-switching test is de voornaamste bevinding van dit 

onderzoek dat beide groepen tweetaligen lagere switchkosten hebben dan de eentalige 

proefpersonen. Dat wil zeggen dat het tweetaligen minder tijd kost om over te schakelen 

van het aanduiden van de kleur naar het aanduiden van de vorm, en vice versa, van het 

voorwerp op het scherm. Dit voordeel voor de tweetaligen wordt vooral veroorzaakt door 

de prestaties van de ouderen. Opvallend is hierbij dat het niet uitmaakt of de tweetaligen 

van jongs af aan, of op latere leeftijd een tweede taal zijn gaan spreken. De leeftijd waarop 

men tweetalig is geworden, het aantal jaren dat er twee talen worden gesproken, en ook het 

taalvaardigheidsniveau in de tweede taal spelen geen rol in de grootte van dit effect. Tevens 

wordt er binnen de groep tweetalige Friezen een verband gevonden tussen de mate van 



247 
 

balans in het gebruik van de beide talen, en de grootte van het switch effect: hoe sterker de 

mate van balans, hoe lager de kosten voor het switchen tussen twee taken. Wat betreft de 

verbal fluency test is de opvallendste uitkomst dat de tweetaligen op geen enkel punt 

onderdoen voor de eentaligen, en dat de ouderen op het onderdeel letter fluency zelfs 

significant beter presteren dan hun eentalige leeftijdsgenoten. 

 De data kunnen als volgt worden geïnterpreteerd. De bevinding dat de tweetaligen uit deze 

studie beter presteren dan de eentaligen op de task-switching test duidt op grotere mentale 

flexibiliteit, en op een betere ontwikkeling van bepaalde onderdelen van inhibitie. Deze 

bevinding kan worden geïnterpreteerd in het kader van eerdere studies die eveneens 

tweetaligheid in verband brachten met betere executieve functies, en ook dat tweetaligheid  

de achteruitgang van deze functies met het ouder worden lijkt tegen te gaan. Jarenlange 

ervaring met het switchen tussen twee of meer talen zou mogelijk verband kunnen houden 

met dit voordeel van de tweetalige groepen. Het feit dat deze studie een dergelijk voordeel 

voor tweetaligen aantoont en een aantal andere studies niet, kan te maken hebben met het 

feit dat het hier gaat om sterk verwante talen, en ook met de specifieke taak die hier werd 

gebruikt. Het onderzoek sluit hiermee aan bij de studie van Prior en MacWhinney (2010). 

Het feit dat de tweetaligen niet onderdeden voor de eentaligen in de verbale taak 

weerspreekt veel eerdere studies. Het kan te maken hebben met het feit dat Fries en 

Nederlands veel woorden letterlijk gemeen hebben, en het voordeel in letter fluency duidt 

mogelijk op betere zoekstrategieën bij de tweetaligen.  

Aan de andere kant wordt er in deze dissertatie benadrukt dat er, mede gezien de vaak 

tegenstrijdige resultaten uit eerdere studies, voorzichtigheid moet worden betracht in de 

interpretatie van groepsstudies zoals deze. De resultaten van dit soort studies kunnen niet a 
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priori worden gegeneraliseerd naar andere typen van tweetaligheid. Ook wijst een correlatie 

tussen de factoren tweetaligheid en cognitief functioneren niet noodzakelijkerwijs op een 

causaal verband. Meerdere factoren kunnen de efficiëntie van cognitief functioneren 

beïnvloeden, die al dan niet gekoppeld zijn aan de status van tweetaligheid. Een van deze 

factoren is immigratiestatus. Mede vanwege mogelijk verstorende effecten van andere 

factoren, wordt het belang benadrukt van de correlatie die in deze studie werd gevonden 

tussen de mate van taalbalans en mentale flexibiliteit binnen de groep vroeg-tweetalige 

Friezen. Studies die zich specifiek richten op effecten van taalgerelateerde factoren binnen 

een homogene populatie lijken daarom in de toekomst het meest geëigend om meer 

helderheid te verschaffen over de kwestie van eventuele cognitieve voordelen van 

tweetaligheid.  
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