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Abstract 
Over the last couple of decades, several studies have found a link between bilingualism and 

improved performance on tasks measuring the core executive functions inhibition, shifting, 

and updating. However, results are inconsistent, and the existence of this proposed bilingual 

advantage is highly debated. This thesis investigates the hypothesis that bilingualism could be 

one of the contributors to the enhancement of executive functions (EF). The primary focus is 

the exploration of bilingualism as a continuum over two axes: use and proficiency, and 

further, to test whether L2 use is a better predictor of EF abilities than L2 proficiency.  

The data for this study comes from 82 Norwegian academics of similar age and socio-

economic status, but who are differing in degree of bilingualism. Correlation and linear 

regression models were used to compare their performance on tasks measuring shifting (the 

trail-making task and the plus-minus task) and inhibition (two Stroop tasks and a Flanker 

task), as well as two measures for monitoring abilities (the sequential congruency effect score 

and overall reaction times on the Flanker task). The results of the analyses provide no further 

evidence for the existence of a bilingual advantage, possibly due to a ceiling effect. The 

results are further discussed in light of problems with EF measurement, and the question of 

whether certain patterns of L2 use are more likely to influence cognitive abilities than others.  
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Sammendrag 
Flere studier har i løpet av de siste 20 årene undersøkt en mulig sammenheng mellom 

flerspråklighet og økt prestasjon på oppgaver som måler hjernens eksekutivfunksjoner. 

Imidlertid er resultatene fra slike studier svært varierende, og mange av dem finner ikke 

grunnlag for påstanden om et «kognitivt fortrinn» som følge av flerspråklighet. Denne 

masteroppgaven undersøker hypotesen om at flerspråklighet påvirker utviklingen av 

eksekutivfunksjonene (EF), med hovedvekt på flerspråklighet som et kontinuum fordelt på to 

akser: språkbruk og kompetanse. I tillegg undersøkes det hvorvidt bruk av et andrespråk kan 

sies å gi en bedre indikasjon på EF-ferdigheter enn hva andrespråkskompetanse kan.  

Studien baserer seg på data fra 82 norske akademikere med tilnærmet lik alder og 

sosioøkonomisk status, men varierende grad av flerspråklighet. Deltagerne ble testet i ulike 

oppgaver som måler skifte i oppmerksomhet (shifting) og inhibisjon, i tillegg til to mål på 

ferdigheter innen kognitiv kontroll (monitoring). Korrelasjons- og regresjonsanalyser påviste 

ingen signifikant forskjell mellom deltakere med ulik grad av flerspråklighet, og ga således 

ikke noen indikasjon på at det finnes et slik «flerspråklig fortrinn». Dette skyldes muligens at 

deltakerne generelt presterte på et så høyt nivå at forskjeller dem i mellom ikke kom til syne i 

testene som ble gjort. Resultatene diskuteres også sett i lys av at EF er vanskelige å måle, og 

at forskjeller i hvordan en person benytter seg av andrespråket kan ha innvirkning på hvor stor 

effekt flerspråklighet har på kognisjon. 
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1 Introduction 
Bilingualism appears to bring with it positive side-effects: besides the self-evident advantage 

in communicative possibilities across borders, the last 50 years or so have provided us with a 

growing bank of research (e.g. Peal & Lambert, 1962; Bialystok, 1988; Bialystok & Martin, 

2004; Kavé, Eyal, Shorek, & Cohen-Mansfield, 2008) which seems to indicate not only 

communicative and linguistic gains, but indeed the existence of a so-called bilingual 

advantage for cognitive functioning. In several studies, bilinguals have outperformed 

monolinguals on tasks tapping into executive functions, or what could be described as the 

brain’s executive control system. On the other hand, several studies (e.g. Duñabeitia, 

Hernández, Antón, Macizo, Estévez, Fuentes, & Carreiras 2014; Paap & Greenberg, 2013; 

Paap, Myuz, Anders, Bockelman, Mikulinsky, & Sawi 2017) have searched for this cognitive 

advantage of bilingualism without finding it.  

Several factors have been pointed out as reasons or explanations for the inconsistent 

findings in research on the bilingual advantage: firstly, a series of other aspects such as socio-

economic status, intelligence, level of education, and various activities may be just as 

important as (or more important than) bilingualism in terms of their effect on executive 

functions. Thus, these elements could act as confounds, affecting results to the degree that it 

might be hard to make out what is caused by bilingualism and what is due to other factors. 

Secondly, the definition and assessment of bilingualism has not been consistent 

between studies. The use of inconsistent definitions makes replication challenging, and it has 

therefore been argued (e.g., Poarch & Bialystok, 2015) that more precise definitions and 

increased control over participants’ bilingualism status is needed. Furthermore, bilingualism 

has widely been treated categorically, labelling people as either bilingual or monolingual. The 

dichotomous view of monolingualism vs. bilingualism is not in line with the contemporary 

understanding of bilingualism as more of a continuum (see e.g. Grosjean, 2008), and thus it 

would appear logical to investigate the matter based on degree of bilingualism rather than on 

a categorical divide. Finally, the great variety of tasks used to assess executive control, in 

combination with the difficulty of concisely defining and exploring cognitive functioning, 

makes it hard to accurately measure effects of bilingualism on cognition.  

In this thesis, I compare the EF performance of participants varying in level of L2 

proficiency and use. The goal is to see to what extent a continuum-based approach to 

bilingualism will yield results in support of the bilingual advantage, and whether amount of 
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use is a better indicator of their performance than the traditionally used proficiency measures. 

In addition to this, I also explore the difference between using verbal and non-verbal tasks and 

investigate the relationship between various measures of cognitive control. 

1.1 Terminology and delimitation 

There are two traditionally central terms when describing people who speak two languages or 

more. In the strictest sense, bilingual indicates a person who to some extent knows/speaks two 

languages, while multilingual denotes those speaking two languages or more. However, the 

terms bilingual and bilingualism are frequently used synonymously to multilingual and 

multilingualism. For the remainder of the thesis, I will use the terms bilingual and 

bilingualism in this broader sense. The reason for doing so, is mainly to keep to the 

terminology that is most commonly used in the rest of the literature.  

 The term L2 is used to refer to any language learned after the L1. Thus, a person may 

speak several L2s. I prefer the term L2 over the term foreign language, because I find the 

term foreign to be imprecise and create unnecessary distance: while a Norwegian person 

learning e.g. French while living in Norway might be said to be learning a foreign language, 

would the same be true if that same person was learning French while living in France? 

Furthermore, it can be argued whether a language you know can indeed be called foreign.  

 The research on bilingualism and cognition takes place both in research on behavioral 

patterns and in neuropsychology/neuroscience. In this thesis, the focus will be on behavioral 

evidence only. While there are many interesting findings from neuroimaging studies, it is hard 

to interpret them in a behavioral light – that is, we do not yet know enough about the 

connection between neural activity or physical structures in the brain and behavioral actions 

and responses. Thus, in order to keep to the point, I will not discuss these findings – 

nonetheless, I acknowledge their importance as pieces in the puzzle we are trying to complete. 

1.2 Thesis outline 

The structure of the thesis will be as following: Chapter 2 will contain the relevant 

background, beginning with the recent history of bilingualism research and moving on to the 

relevant theories and challenges which are prevalent in the current debate. It will end by going 

into details about the present study. In chapter 3, I will go through the methods used in this 
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study: section 3.1 describes the participant group, section 3.2 the procedures for data 

collection, and section 3.3 the statistical methods used to analyze the data. In chapter 4 I will 

summarize the findings of the correlational analysis (4.1) and the regression (4.2). The results 

will be discussed in chapter 5, which will also contain the limitations of the study (5.2). 

Finally, chapter 6 will be devoted to concluding remarks and further implications. 
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2 Background 
Despite the fact that a large number of the earth’s population live in bilingual or multilingual 

societies the emergence of the one-state-one-language system in Europe has caused 

monolingualism to be seen as the norm (Weber & Horner, 2012; Gogolin, 1997) – something 

which has given bilingualism an undeserved negative reputation in many Western societies. 

In a large portion of the 20th century, bilingualism was seen not only as a general handicap, 

but even as something which had negative consequences on intellectual development. This 

assumption was largely based on studies using intelligence tests, many of which depended 

strongly on the participant’s proficiency in the official language of the society in question – 

meaning that they could not reliably be used to compare the performance of bilinguals to that 

of monolinguals to begin with (Hakuta, 1986).This can be seen in connection with what 

Grosjean (2008) refers to as the “fractional view of bilingualism” (p. 10). To a large extent, 

bilingualism has been analyzed in a monolingual context, meaning that bilinguals have been 

treated as two monolinguals in one body and that each of their languages have been 

understood as a separate system. Grosjean (2008) asserted that bilinguals and monolinguals 

are both different and alike: different in terms of the linguistic competence they hold in their 

respective languages, but alike in the level of communicative competence they have attained 

in order to function ideally in their everyday life. In other words, while a bilingual’s linguistic 

competence in each language will vary from domain to domain, the full scope of their 

competence reflects that which they need in order to successfully accomplish their everyday 

tasks. However, because the traditional tests have been so oriented towards language form 

rather than communicative abilities, the results have been misinterpreted as proof of the 

unfortunate consequences of bilingualism (Grosjean, 2008).  

A shift in the bilingualism research came with the influential 1962 study by Peal and 

Lambert (see Bialystok, 2017, and references therein). Following the status growth of French 

in Canada and the subsequent increased interest in bilingualism, Peal and Lambert reviewed 

the literature and identified two main problems with the research thus far: firstly, that 

differences in socio-economic status had not been controlled for, and secondly, that the 

bilingualism status of the participants had not been properly assessed. Distinguishing between 

what they referred to as balanced bilinguals and pseudo-bilinguals – the latter referring to 

those with a significantly higher proficiency in one of their languages – was crucial, in their 

opinion, and in their subsequent study (where this was taken into account) they found that the 
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so-called balanced bilinguals performed reliably better than monolinguals on both verbal and 

non-verbal measures, and especially those requiring mental manipulation (Peal & Lambert 

1962, Hakuta 1986). Peal and Lambert’s study has been criticized on a series of 

methodological issues (see Hakuta, 1986; Bialystok 2017), however, it was a crucial 

contribution to bilingualism research in two ways. Firstly, it opened up to the possibility of 

seeing bilingualism not as an impediment, but rather as something that could have a positive 

influence on cognition. I will return to this in section 2.1. Secondly, it helped in identifying 

important variables (e.g. language proficiency and socio-economic status) which are central in 

most bilingual research today (Bialystok, 2017, Hakuta 1986). These variables will be further 

discussed in sections 2.3.3 and 2.3.4.  

Initially, the findings of Peal and Lambert led to several studies focusing on metalinguistic 

awareness (see Bialystok, 2001 and Bialystok, 2017 for reviews). However, results from these 

studies suggested that the bilingual advantage was not necessarily linked directly to 

metalinguistic knowledge, but rather to the area of cognitive abilities and the control 

bilinguals have over their languages and language processing (Bialystok, 1988; see also 

Bialystok & Craik, 2010). It was hypothesized by e.g. Bialystok (1988) that this could be a 

more general ability: “If such processing is general to other cognitive domains and not 

restricted to linguistic processing, certain spatial problems may involve the same skill” (p. 

566) – thus, the grounds for exploring a cognitively general bilingual advantage were 

established.  

In the following sections I will present the findings supporting a bilingual advantage to 

cognition and the relevant theoretical background (sections 2.1 and 2.2). In section 2.3 I will 

summarize studies which have not found support for this advantage, and also bring in some of 

the challenges to the field (sections 2.3.1 and 2.3.2). Furthermore, I will discuss different 

ways to operationalize bilingualism and account for relevant background factors (2.3.3 and 

2.3.4) before introducing the present study (2.4). 

2.1 The bilingual advantage 

Several studies (e.g., Bak, Vega-Mendoza, & Sorace, 2014, Bialystok, Poarch, Luo, & Craik, 

2014; Costa, Hernández, & Sebastián-Gallés, 2008; Poarch & Van Hell, 2012a) have found 

that healthy bilinguals in all life stages outperform monolinguals on a variety of cognitively 

challenging tasks. Evidence for the bilingual advantage has been found in children (Bialystok 
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& Martin, 2004; Poarch & Bialystok, 2015), adults (Bialystok, Craik, Klein, & Viswanathan, 

2004) and healthy, older adults (Kavé et al., 2008). However, results tend to emerge more 

clearly in certain age groups: children and older adults. Bialystok et al. (2014) compared the 

performance of groups of younger and older monolingual and bilingual adults on tasks 

measuring executive functions (see section 2.2). They found a stronger bilingual advantage in 

the older participant group, suggesting that the advantages may be easier to spot in older 

speakers. Similar results have been found when comparing children to adults (e.g. Bialystok 

et al., 2005). Bialystok et al. (2014) assume that "because EF abilities are at their peak in 

younger adults, they show a "functional ceiling" in the sense that any further efficiencies 

associated with bilingualism have little effect" (p. 703) perhaps due to lifestyle: young adults, 

and particularly college aged, will lead lives that are to a larger extent filled with cognitively 

challenging tasks on a daily basis, than those of older people in more "stale" life situations 

(Valian 2015). Put differently, the reaction time for adults is generally so quick (500ms is the 

average for many of the tasks used) that group differences must be quite large in order to 

yield statistical significance (Grundy et al., 2017). Supporting this point, the effect also 

appears to be more pronounced on tasks of a complex nature (Bialystok et al., 2014).  

 The findings of these studies thus indicate that being bilingual provides us with some 

form of cognitive enhancement. In the following sections, I will go through the relevant 

theories seeking to explain the cause of this effect.  

2.1.1 Parallel activation of two (or more) languages 

The believed cause of the bilingual advantage is the extended use of cognitive control in order 

to accurately process several languages, both simultaneously (as in e.g. a code-switching 

situation) and separately (when one language would not be needed and thus must be 

inhibited). In recent years, several studies (e.g. Costa, Caramazza, & Sebastian-Galles, 2000; 

van Heuwen, Schriefers, Dijkstra & Hagoort, 2008; Wu & Thierry, 2012) have found 

evidence for the constant activation of both (or all) languages in a bilingual’s repertoire. For 

instance, a 2012(b) study by Poarch and Van Hell tested four groups of children (bilinguals, 

trilinguals and L2 English learners, and a monolingual control group) and one group of adult 

German-English bilinguals, using cognate status manipulation. In five experiments, different 

participant groups were presented with drawings of common objects and were told to name 

them in either English or German. Half of the target words were German-English cognates, 

and the other half were noncognates. The lexical retrieval was significantly faster for cognates 
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than for noncognates even though the participants were only actively using one language 

during trials. The authors concluded that this illustrates the cognate facilitation effect (Costa 

et al., 2000) and that it provides evidence for parallel activation of the two languages. 

 Evidence for the joint activation of both languages has also been found using non-

cognate words with similar phonetic properties. A 2003 study by Marian, Spivey, and Hirsch 

tracked the eye movements of English-Russian bilinguals when presented with three objects, 

two of which with phonologically similar names in English and Russian (e.g. marker and 

marka (=stamp)). The participants were instructed in Russian to pick up one of the items, and 

eye tracking revealed that they would briefly look at the item with phonological similarities 

(i.e. the marker) before picking up the requested item (the stamp). This effect occurred both 

when participants were tested in both their languages (bilingual mode) and when they were 

only tested in one language (monolingual mode), suggesting that even in a completely 

monolingual context, both languages are to some extent activated.  

 The parallel activation would mean that bilinguals keep both (or all) of their languages 

within reach, and that the languages may support each other (e.g. through cognate 

facilitation). However, they may also interfere with each other, implying that bilinguals would 

need some sort of additional control in order to choose the correct language forms for any 

particular communicative context. 

2.1.2 Bilingual control 

An attempt to explain the bilingual’s control over two or more active languages at once is the 

inhibitory control (IC) model (Green, 1998), which built on Norman and Shallice’s (1986) 

model of a supervisory attentional system (SAS). The SAS was proposed as an explanation 

for mechanisms behind behavioral attentional control, that is, the execution of and control 

over routine and non-routine behavior, and was based on the idea that our actions are 

performed and modulated through the use of pre-existing schemas: “mental devices or 

networks that individuals may construct or adapt on the spot in order to achieve a specific 

task” (Green, 1998, p. 69). In short, the model postulated that routine behavior or automatized 

skills are controlled by schemas, but when, for some reason, automatization is insufficient, the 

process is mediated by the SAS though modification of the existing schemas and monitoring 

of the performance in the task at hand (Green, 1998; Miyake et al., 2000). Green’s highly 

influential IC model took this further into bilingual processing. Following this model, we 

would assume that for a Norwegian-Spanish bilingual, the concept of dog would map two 
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lexical items: hund and perro, which would be associated with Norwegian and Spanish 

respectively. Considering the findings in the lexical activation research cited above, both 

lexical items would be activated1, and the speaker would have to inhibit the irrelevant 

linguistic form (e.g. hund when speaking Spanish). According to the model, this inhibition is 

performed by the SAS specifying the required language to the processes that are controlling 

output, which then selects the right lexical item and inhibits the irrelevant one.  

The mechanisms needed in order to exert control over these aspects of linguistic 

processing have been connected to findings in neuropsychology, where studies have found 

that patients who had suffered damage to the frontal lobes consequently were demonstrating 

patterns of impairment on tasks requiring a form of executive control (see e.g. Diamond, 2013 

& Miyake et al., 2000). This is consistent with the idea of a central control system located in 

the frontal lobes, known as executive control or executive functions. 

2.2 Executive functions 

Executive functions (EF) are a set of general-purpose cognitive processes which are employed 

in order to control and coordinate lower-level cognitive processes (Miyake et al., 2000; 

Diamond, 2013, Friedman & Miyake, 2017) when performing complex cognitive tasks for 

which you “have to concentrate and pay attention, when going on automatic or relying on 

instinct or intuition would be ill-advised, insufficient or impossible” (Diamond, 2013, p.136). 

It is the executive control that allows us to deviate from automatized patterns of action, 

enabling us to e.g. drive on the other side of the road or remember to skip that suddenly 

broken step in the stairs you have walked every day for the past 12 years. The concept of an 

executive control system is strongly associated with the Baddeley-Hitch model of working 

memory (1974) and its subsequent revisions (e.g. Baddeley 1986; see Carroll, 2008), and to 

the aforementioned Supervisory Attentional System (SAS, Norman and Shallice 1986). The 

Baddeley-Hitch model was set out to explain the mechanisms of working memory – the way 

in which we temporarily store and manipulate information used to perform cognitive tasks – 

and proposes a system in which specific cognitive processes are regulated and controlled by a 

                                                
1 Although the evidence in favor of parallel activation was not yet extensive when Green published the IC model, 

it had to some extent been hypothesized: “[…] more recent proposals assume that language systems can be at 

different levels of activation and that in order to speak one language rather than another its activation level must 

exceed that of the other language” (Green, 1998, p. 68) 
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central control structure (the central executive) (Baddeley, 1986; Carroll, 2008; Miyake et al., 

2000). The Baddeley-Hitch model together with the SAS and IC models illustrate the two 

central uses of EF: firstly, controlling what should be stored in short term memory and how 

this information should be used to perform cognitive processes, and secondly, preventing the 

performance of an automatized behavior when its execution would not be beneficial.  

Studies have shown that EF performance can be improved through repeated practice on 

tasks which draw on its components, and that practice in a specific task transfers to a general 

EF ability to some extent (see e.g. Diamond, 2013). This is what forms the theoretical 

background for the bilingual advantage: since bilinguals constantly use EF to manage their 

languages, they should demonstrate an increased performance in other cognitive tasks 

drawing on EF (e.g., Bialystok et al., 2014; Poarch & Bialystok, 2015). 

Because EF are considered to be used for several aspects of processing (i.e. short-term 

memory control and preventing automatic behavior), several scholars have suggested that the 

underlying structure is made up of several modules (see e.g. Diamond, 2013 and Miyake et 

al., 2000). Following Miyake et al.’s influential study (2000) on the composition of and 

relationship between EF, most of today’s research considers three core EF components: 

inhibition, shifting, and updating (Valian, 2015). These three components will be presented in 

the following paragraphs. 

2.2.1 Inhibition 

Inhibition is the mechanism which enables us to control our attention and behavior, making it 

possible to resist both internal and external distractions and focus on the task at hand 

(Diamond, 2013; Miyake et al., 2000). It is due to inhibition that we are able to abstain from 

carrying out automatized behavior and filter out unnecessary information. This inhibitory 

control is commonly measured through tasks such as the Stroop task (Stroop, 1935), the 

Flanker task (Eriksen & Eriksen, 1974), anti-saccade tasks (Hallet, 1978) and the Simon task 

(Simon, 1967).  

2.2.2 Updating 

Updating and monitoring of working memory representations (Miyake et al., 2000), or just 

updating, is the ability to constantly update the information needed to perform a task (e.g. 

Valian, 2015). This ability entails the “monitoring and coding [of] incoming information for 
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relevance to the task at hand and then appropriately revising the items held in working 

memory by replacing old, no longer relevant information with newer, more relevant 

information” (Miyake et al., 2000, p. 57). Updating is closely linked with working memory, to 

the extent that it is sometimes just referred to as working memory (see e.g. Diamond, 2013; 

Lehtonen et al., 2018). There are inconsistencies in the literature regarding the 

interchangeability of these terms and in what way working memory fits under the EF 

umbrella, and I will return to this in section 2.3.6. Updating abilities are commonly assessed 

through e.g. the n-back task (Kirchner, 1958), tone-repetition detection (Galletly et al., 2007), 

and the keep-track task (Miyake et al., 2000; Morris & Jones, 1990). 

2.2.3 Shifting 

Shifting, which is also referred to as task-switching, mental set shifting, or cognitive 

flexibility, is the ability to efficiently switch between tasks or operations. This process has 

commonly been explained with disengaging one task set and engaging a new one (Miyake et 

al., 2000). However, according to Miyake et al. (2000) this might be an oversimplification of 

the process. Rather than just engaging/disengaging, successful shifting requires resistance to 

proactive interference or negative priming – e.g. the “urge” of performing the former task 

needs to be suppressed in addition to introducing the new task. Diamond (2013) takes a 

similar approach, describing the process of shifting as one in which we “need to inhibit (or 

deactivate) our previous perspective and load into W[orking] M[emory] (or activate) a 

different perspective” (p. 149). Tasks that are commonly used to assess shifting abilities are 

task-switching paradigms such as the color-shape task or the word-object task, as well as e.g. 

the Test of Everyday Attention (TEA; Robertson et al., 1994) and the trail-making test (TMT; 

Army Individual Test Battery 1944). 

2.2.4 The organization of EF 

EF are thought to be both separable and related, all relying on a common factor. Miyake & 

Friedman (2012; see also Friedman & Miyake, 2004) explored the relationships between the 

EF components through latent variable analyses and found that they were only able to 

distinguish two specific EF factors, namely shifting and updating. Related to these they found 

a general-purpose factor – the common EF factor (Miyake & Friedman, 2012, Valian, 2015). 

No separate inhibition factor was distinguishable, but it is generally theorized that the 
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common EF factor is also responsible for inhibition as it is thought to be what controls “[…] 

one’s ability to actively maintain task goals and goal-related information and use this 

information to effectively bias lower-level information” (Miyake & Friedman, 2012; p. 11). 

Furthermore, it is hypothesized that the lack of unique variance for inhibition is simply 

because it correlates completely with the common EF factor. This led to Miyake & Friedman 

to develop what is commonly known as the unity/diversity framework: a model in which all 

EFs have a common factor (unity), which includes inhibition, as well as the two specific 

components for updating and shifting (diversity). It is worth noting, however, that there are 

still unclarities regarding the composition and organization of EF (Lehtonen et al., 2018), and 

I will return to this in section 2.3.6 after discussing other challenges arising with research on 

bilingualism and cognition. 

2.3 Conflicting results, competing factors, and confusion 

While the many results reporting performance differences due to bilingualism status point in 

the direction of a bilingual advantage, this is not the full story. Over the recent years, 

numerous studies (e.g. Ánton et al., 2014; Paap & Greenberg 2013; Duñabeitia et al., 2014) 

have also failed to detect superior EF abilities in bi- and multilinguals. Hilchey & Klein 

(2011) and Hilchey, Saint-Aubin & Klein (2015) compiled and analyzed the findings of 

recent studies on the bilingual advantage in which non-verbal measures of EF were used, and 

found that the results were inconsistent and that they did not provide a convincing degree of 

evidence.  

“On the contrary, the patterns of results across the lifespan are simply too variable and 

vulnerable to non-replication to confidently ascribe a central role of bilingualism, in and of 

itself, to superior executive functioning and by extension improved cognitive fitness. As such, 

only when a host of overlooked sociolinguistic factors are better accounted for will the 

association between greater executive function and bilingualism be satisfactorily 

determined” (Hilchey, Saint-Aubin, & Klein, 2015, p. 613). 

The diverging results have created a divide in the field of research. On the one hand, there are 

those believing there is a bilingual advantage, but that the difficulty of accurately measuring 

EF, confounding variables, and the many types and levels of bilingualism are obscuring the 

results (see e.g. Valian, 2015; Bak, 2016a; Bak, 2016b). On the other hand, there are those 

who are questioning the existence of such an advantage, suggesting that results are far too 
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inconsistent to draw any conclusions. Several papers, most notably by Paap and colleagues 

(e.g. Paap, Johnson & Sawi 2014; Paap, Johnson & Sawi 2015; Paap, Johnson & Sawi 2016; 

Paap, Myuz, Anders, Bockelman, Mikulinsky & Sawi, 2017; but see also Duñabeitia et al., 

2014; Duñabeitia & Carreiras, 2015), express this doubt. Additionally, they present 

methodological criticisms directed at much of the recent research and addresses some of the 

main problems that will have to be solved in order to advance further in research on the 

bilingual advantage. The most commonly discussed issues are publication bias, task impurity, 

problems regarding the definition of bilingualism, and what has been referred to as a “forest 

of confounding variables” (Bak, 2016b). It is generally agreed upon by all that these 

problematic areas to some extent have to be overcome in order to find more consistent 

evidence that could point us to whether or not such a bilingual advantage exists, and what 

exactly it entails. In the following subsections, I will describe these issues and their 

implications in more detail. 

2.3.1 Publication bias 

It has been wondered whether a publication bias could be a reason for the diverging results 

(de Bruin, Treccani, & Della Sala, 2015; Paap, Johnson & Sawi, 2015), and that the picture 

could be more complex than what has emerged in the literature. The file drawer problem 

(Rosenthal, 1979) describes the tendency that significant results are more often published than 

null results, leaving the latter “in a file drawer” (Paap & al, 2015). This causes a biased 

picture of reality in which the results deemed most interesting are clearly visible, while the 

seemingly less publish-worthy results rarely reach an audience. When investigating the 

publication rate of conference abstracts focusing on bilingualism and executive control, de 

Bruin, Treccani, & Della Sala (2015) found that 63% of the studies which found support for 

the bilingual advantage were published, compared to only 36% of those with null results , and 

some (e.g. Treccani, Argyri, Sorace, & Della Sala, 2009) have admitted to publishing only the 

results of those tasks in which an effect was found (de Bruin, Treccani, & Della Sala 2015). 

The full extent of the publication bias is unknown, but it seems clear that if it is the case that 

so many null results are left unpublished, it means that the picture painted by the published 

results is severely skewed. 
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2.3.2 Cause and effect: the problem of reverse causality 

Could it be that those learning a language, or for that matter those who end up using it 

actively, are better cognitively equipped in the first place? This question is referred to as 

reverse causality, and has been thoroughly discussed by Bak (2016a, 2016b). It is possible to 

partially address it through longitudinal studies or by obtaining information about childhood 

cognitive performance (as in the Lothian cohort-based study by Bak et al., 2014), or to an 

extent avoid it by focusing instead on language learners and comparing their cognitive 

performance before and after some time of learning (Vega-Mendoza et al., 2015; Bak et al., 

2016). However, the multitude of factors contributing to cognitive development (see section 

2.3.4) makes it difficult to control for the direction of causality in all parameters at once. On 

the other hand, as Bak (2016a) stated, the existence of one causal relationship does not negate 

another: if people are in some way genetically predisposed to be bilingual, this does not mean 

bilingualism cannot also be cognitively beneficial.  

2.3.3 Defining bilingualism 

A recurring problem in studies of bilingualism is the definition and boundaries of linguistic 

criteria: where do you draw the line between monolingualism and bilingualism? Or in this 

context: which participants should belong to the monolingual group, and which to the 

bilingual group? Traditionally, the paths have been laid out by the strict Bloomfieldian 

criterion of full fluency in two languages (Bloomfield, 1933), and the wide definition by 

Haugen (1953) which states that a bilingual is one who can produce “complete meaningful 

utterances in the other language”. The field has moved more towards the wide definition, 

leaving behind the division between balanced bilingualism and pseudo-bilinguals which was 

adopted by Peal & Lambert (1962, see section 2). The notion of pseudo-bilingualism is now 

considered problematic, as today the main view is that while bilinguals can be more or less 

balanced in the linguistic competence they hold in their respective languages, it is generally 

accepted that it is not balanced fluency or lifelong bilingualism that makes a person bilingual. 

“In fact, the majority of bilinguals do not have equal fluency in their languages, many have an 

accent in at least one of their languages, and many acquired their other language(s) when they 

were adolescents or adults” (Grosjean, 2013, p. 7).  

Bialystok (2001) defines bilinguals as those “able to speak two (or more) languages to 

some level of proficiency” (p. 5), but this definition still doesn’t establish a clear level of 
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proficiency needed in order to be defined as a bilingual, and thus it doesn’t solve the issue. 

Nonetheless, participants in studies focusing on the bilingual advantage have to a large extent 

been grouped according to their self-rated proficiency level in their second language(s) (see 

e.g. Luk & Bialystok, 2013; de Bruin, Bak, & Della-Sala, 2015). Lately, however, the 

direction has somewhat turned towards a use-oriented approach to bilingualism. This is in line 

with the wider definitions of the phenomenon used in the general literature, e.g. “the use of 

two or more languages […] in everyday life” (Grosjean, 2013, p. 7, my emphasis), and 

additionally, Luk and Bialystok (2013, among others) gave another good reason to include 

use: as the bilingual advantage is considered to be caused by a practice effect, it is logical to 

assume that the amount of use of several languages will influence the extent to which 

bilingualism affects EF. Based on this argument, de Bruin, Bak, & Della-Sala (2015) grouped 

participants in their study based on whether or not they were active bilinguals, with the 

definition of active being that they reported using two languages on a daily basis. Their results 

did not provide evidence in support of the bilingual advantage, but this may be due to a 

variety of reasons (see their paper for the full discussion).  

The question still stands on where to draw the line between active and passive, or 

between “sufficiently bilingual” and “not bilingual enough” in order to be able to detect any 

group differences. Our knowledge today is too limited to accurately assess what extent of 

bilingual activity is needed in order to see an effect (de Bruin, Bak, & Della-Sala, 2015), but a 

few studies done on language switching / code switching indicate that there is a relationship 

between switching often between languages and better shifting performance (e.g. Prior & 

Gollan, 2011; Verreyt, Woumans, Vandellanotte, Szmalec, & Duyck, 2016).  

It can, however, be argued that we could skip the cutoff point altogether. Poarch and 

Bialystok (2015) hypothesized that, if the bilingual advantage is a practice effect, it should be 

reflected through the degree of bilingualism or the number of languages spoken. If this is the 

case, and bilingualism should be seen as more of a continuum, it might make sense to explore 

it in another way than through the traditional dichotomy which has been most commonly 

used. In their study, Poarch and Bialystok compared four groups: monolinguals, partial 

bilinguals2, bilinguals and trilinguals, in order to investigate differences between the groups 

based on the understanding of bilingualism as a continuum. Their results do not support their 

hypothesis (bilinguals and trilinguals outperformed monolinguals and “partial” bilinguals, but 

                                                
2 The term partial bilingual is slightly problematic for the same reason as pseudo-bilingual, as explained above. 
However, this is the terminology used by the authors. 
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there was no performance difference between monolinguals and partial bilinguals on the one 

hand, and bilinguals and trilinguals on the other hand. However, this may reflect that the 

groups were not different enough: their analyses showed that monolinguals and partial 

bilinguals did not differ significantly from each other in the use of non-english languages at 

home (the partial bilinguals were learning French at school, but not using it much outside of 

the classroom). Similarly, bilinguals and trilinguals did not differ in the amount of use of non-

English. Thus, the grouping of participants in this study was mainly based on proficiency. 

Had the groups been created on the basis of variations in use, this may have had an impact on 

the results, because the practice effect of bilingualism is more likely to be associated with 

usage patterns, as discussed above. Following this line of thought, it may be that testing 

participants and comparing them on a use-based continuum rather than a proficiency-based 

categorical divide could help us with gaining a more accurate picture of the level and patterns 

of bilingualism that are required in order to reap the benefits of cognitive multitasking. 

Finally, the focus of bilingualism research has to a large degree been concentrated 

around the experience of lifelong, simultaneous bilingualism – in other words, those learning 

two languages from birth. However, recent research (e.g. Bak, Vega-Mendoza, & Sorace, 

2014) has provided support for the notion that a positive effect can also be found with later 

acquisition. There is still uncertainty as to whether these two ways of learning language will 

affect cognition differently – after all, learning a language later in life will require what can be 

referred to as a “reconfiguration” of cognitive skills (Duñabeitia & Carreiras, 2015) and thus, 

sequential bilingualism may even be more beneficial than simultaneous bilingualism (Bak, 

2016b). It has also been found that the onset of active bilingualism is more sensitive than the 

AoA (Luk & Bialystok, 2013), further strengthening the hypothesis that the active use of 

more than one language would be the most influential factor on EF and cognitive abilities.  

2.3.4 Demographic variation and lifestyle contributors to EF 

If bilingualism does indeed contribute to the enhancement of EF, it is not the only factor that 

may affect this part of cognition. There are several demographic elements that in various ways 

positively or negatively affect cognition in general and EF in particular: in addition to age 

(see for instance Craik, 2017; Kavé et al., 2008; Valian, 2015), both socio-economic status 

(SES) and level of education have been shown in the past to be predictors of a person’s 

performance on EF tasks (Valian, 2015). Another factor, which is very often relevant in 

bilingualism research, is immigrant status: in much of the early research, bilingualism was 
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closely connected with immigration, as the bilinguals were largely of immigrant background 

(Bak, 2016a). However, there appears to be a tendency for migrants to have better long-term 

health outcomes, including cognitive health, than non-migrants – perhaps due to self-

selection. This is known as the healthy migrant effect (Fuller-Thomson & Kuh, 2014) and is 

particularly relevant for research on bilingualism and dementia. However, if immigrants are 

likely to uphold better cognitive functioning in old age, it seems reasonable to expect a 

difference in younger people as well. Thus, immigration status may be a confound in the case 

of bilingualism research. Bak (2016a) suggested that “[a] good way forward […] is to study 

societies in which bilingualism and immigration can occur independently of each other” (p. 

711).  

Furthermore, several activities can be assumed to be “cognitively enriching” (Valian, 

2015), including physical exercise (see e.g. Diamond & Lee, 2011), video gaming (Green, 

Sugarman, Medford, Klobusicky & Bavelier, 2012), and playing musical instruments (e.g. 

Bialystok & DePape, 2009) –  and the list also includes lifestyle variables such as sleep 

pattern (Astill et al., 2012), diet (Anastasiou & al., 2017), and introversion/extroversion 

(Campbell, Davalos, McCabe & Troup, 2011). Despite the long list of factors influencing EF, 

there is still a lot left to explore with regards to the range of cognitively enriching activities 

and the extent to which one needs to engage in such activities in order for them to confer 

cognitive advantages. In addition, the reported benefits are inconsistent, as is the case with 

bilingualism (Valian, 2015) 

Careful mapping of the demographic and lifestyle factors which we suspect may 

influence cognitive abilities is needed in order to minimize the influence of confounds. This 

can be done through careful recruitment and by using a detailed questionnaire to collect 

information about other facets than bilingualism. 

2.3.5 The task impurity problem and related issues 

The variety of tasks used to measure EF are the source for another issue often referred to as 

the task impurity problem (Burgess, 1997). In short, this describes the problem with testing 

specific elements of cognition, as no task tests only one thing: "Performance in a task reflects 

not only the process of interest (e.g. inhibitory control), but also all other stages of processing 

from perceptual encoding through response selection and execution" (Paap et al., 2017, p. 90). 

Consider for instance the difference between a Stroop card sorting task and a Flanker task 

(both described in detail in sections 3.2.2 and 3.2.3). They are both believed to measure 
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inhibition, however, one requires observing a computer screen and pushing buttons, the other 

requires picking up and correctly sorting cards. It goes without saying that despite being used 

to measure the same EF, the tasks are tremendously different from each other in other 

respects. As a consequence, measurement in these tasks will not only reflect the EF in 

question, but also other abilities such as perceptual or motor skills (Valian, 2015), and thus 

performance differences cannot be credited to EF alone. While the differences on a personal 

level may be small, the implications in the larger picture are bigger: in several meta-analyses, 

no intercorrelation were found between different tasks measuring inhibition (Duñabeitia et al., 

2014; Paap & Greenberg, 2013; see also Valian, 2015). If tasks designed to measure the same 

factor do not produce results which overlap with each other, can they really be assumed to be 

measures of the same capacity?  

 A factor related to this, is the diversity in which these tasks are presented, both 

technically, aesthetically and content-wise. Computerized tasks may be harder for those with 

less experience with computers, and configurations in the task programming (e.g. varying size 

of objects or color variations) may also affect performance (Bak, 2016a; Valian, 2015). Small 

changes to the difficulty in the paradigms used can cause an effect of bilingualism to appear 

or disappear (Costa et al., 2009). Task-domain also appears to play a part: there is evidence 

suggesting that verbal tasks present more of a challenge to bilinguals (e.g. Bialystok et al., 

2014). This is believed to be because bilingualism also appears to affect some aspects of 

language processing negatively – e.g. slower lexical retrieval and smaller receptive 

vocabulary (Bialystok, Craik & Luk, 2008; Bialystok & Luk, 2012). If bilinguals are in some 

way slowed down due to verbal processing, the use of verbal EF tasks could mask 

performance differences between groups.  

Valian (2015) underlined that because participants are generally only tested using one 

of the tasks, and therefore the results may be affected by the task chosen in the given study, 

we “need fine-grained task analysis in order to understand what processes are being recruited 

and how they interact” (p. 7).  

2.3.6 The elusiveness of cognitive functioning 

As was touched upon in section 2.2.4, there is still a great deal of uncertainty with regards to 

the organization and workings of cognitive components. While neuroimaging studies can 

visually connect performance of various tasks to neural activity in certain regions of the brain, 

and may thus show us physical differences in the brains of bilinguals and monolinguals, they 
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do not inform us directly what consequences these differences may have for e.g. cognitive 

performance, because there is “no direct mapping between brain structure and cognitive 

function” (Duñabeitia & Carreiras, 2015, p 372).  

 This problem is particularly evident in two ways. The first is what appears to be 

inconsistencies around the term working memory and where it fits in (see section 2.2.2). This 

has resulted in the term being used in several contexts: some use it synonymously to updating, 

implying that it is a separate component of EF. Others mention working memory in relation to 

EF in general, but it is often unclear in what way it is linked to the other EF components. 

Miyake and colleagues (2000) opened their discussion of EF by referring to Baddeley’s 

(1986) model of working memory, linking all the components of EF to the central executive 

of this framework. Later on, they stated that updating is “closely linked to the notion of 

working memory” (p. 56), but if EF forms part of the working memory model, this would be 

true for all components, not just updating. Thus, it is often difficult to get a grasp on what is 

meant by working memory, and in what way it should be compared or related to the (other) 

EF components. In the remainder of this thesis, I will use the term working memory in the 

sense defined by Baddeley (1986): “the temporary storage of information that is being 

processed in any range of cognitive tasks” (p. 34), unless other is specified. 

 The second issue that demonstrates the difficulty of defining and understanding EF is 

the ongoing discussion about the relevance of inhibition. An increased demand for inhibition 

was one of the first hypotheses as to why bilingualism could be beneficial (Bialystok, 2017). 

Lately however, the importance of inhibition has been drawn into question, as inconsistent 

results and new findings indicate that other aspects may be more relevant to focus on. For 

example, studies testing bilingual infants on attentional flexibility (Kovács & Mehler, 2009; 

Singh et al., 2015) and memory generalization (Brito & Barr, 2012) showed that they 

outperformed their monolingual peers, indicating a very early influence of bilingualism on 

brain structures and development. This suggests that the cognitive change assumed to be 

connected with bilingualism happens independently of language production, and, if this is the 

case, that there must be more to the story than inhibition. (Costa et al., 2009; Grundy, 2017; 

Bialystok 2017).  

 Instead, it has been proposed that the bilingual advantage could have more to do with 

efficient monitoring than inhibition. Monitoring, or “the ability to monitor conflict in 

information processing and to evaluate the need for cognitive control” (Lehtonen et al., 2018), 

is also something that would be needed in the conflict resolution tasks that are often used to 
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measure inhibition. An improved ability in monitoring would also serve as an explanation for 

why bilinguals appear to be faster at inhibition tasks overall, and not just for the incongruent 

trials (Costa et al., 2009). One of the current hypotheses is that bilinguals appear to deal more 

efficiently with changes in level of difficulty and monitoring needs. There have been some 

studies finding support for this idea, including Costa and colleagues (2009), who tested 

monolinguals and bilinguals on two levels of monitoring by using several versions of the 

Flanker task (for a more detailed description of this task, see section 3.2.3). In the low-

monitoring conditions, most of the trials were either congruent or incongruent, decreasing the 

level of constant adaptation needed in order to succeed. In the high-monitoring conditions, 

congruent and incongruent trials were distributed evenly, increasing the demand of task 

monitoring. Overall reaction times showed that bilinguals outperformed monolinguals on the 

high-demand conditions only, indicating that the bilingual advantage is more present in tasks 

requiring higher levels of monitoring. This is consistent with other studies that have found the 

bilingual advantage to emerge more clearly in complex tasks (e.g. Bialystok et al., 2014). 

Additionally, in the study of Costa and colleagues, the conflict effect of the high-demand 

conditions correlated with the number of congruent trials, indicating that the performance of 

bilinguals on the Flanker task couldn’t merely be due to improved inhibition skills, as 

inhibition would only be needed in incongruent trials (see e.g. Bialystok, 2017). This is also 

consistent with other finds which have indicated that it isn’t necessarily the difficult 

conditions which present the biggest problem, but the adaptation to easier conditions after 

difficult ones (cf. Meuter & Allport, 1999; Poarch & Bialystok, 2015).  

The effect of simple conditions being more difficult after a switch from more 

demanding ones is explained by Diamond (2013) in this way: ”Simply put, it’s easier to 

inhibit a dominant response all of the time than only some of the time” (p.151). In other 

words, easy tasks (such as congruent flanker conditions) can be performed using relatively 

automatized processes, but once they get more complicated (e.g. a distraction appears, like in 

incongruent conditions), we need to employ more effortful control in order to maintain focus. 

When the task becomes easier again, the additional control is no longer efficient, but rather 

slows things down, and thus must be “shut down” (Diamond, 2013; Green & Abutalebi, 

2013). Bilinguals may have a better system for monitoring the control demand due to the 

constant need to monitor the communicative situation and choose the right language, and this 

may be the cause of their apparent advantage in overall RTs (Costa et al., 2009). Furthermore, 
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the difference may also be an indicator of bilinguals being better at task disengagement3 – the 

ability to leave the conditions of the previous task behind and refocus on the new task (Green 

& Abutalebi, 2013; Grundy, 2017).  

 While improved performance due to monitoring and task disengagement abilities can 

be reflected in global RT, this is a more general speed of processing measure which does not 

tell us much about the actual processing differences causing this improvement, according to 

Grundy and colleagues (2017). They instead proposed to analyze RT based on the influence 

of the previous trial, in order to detect performance differences that appear as a result of 

improved monitoring/task disengagement. When comparing the performance of bilinguals 

and monolinguals on two Flanker tasks, they based their analysis on both traditional Flanker 

measures and the sequential congruency effect, or SCE: “the index of online reactive 

adjustment in performance in response to the congruency of the previous trial” (p. 43), 

hypothesizing that repeated trial type (e.g. two congruent trials after one another) would 

reduce RT, while changed trial type (e.g. incongruent-congruent) would result in an increased 

RT – and furthermore, that bilinguals would show a smaller effect because of more efficient 

ability to disengage from the previous task. Their findings supported the hypothesis, and 

moreover, indicated that the SCE analysis was more sensitive to group differences as it 

detected differences which did not emerge with standard RT measures. 

2.4 Summary and present study 

In sum, while many studies did find a relationship between bilingualism and enhanced 

cognitive abilities, there are also a lot of studies with null- or mixed results. Recent debate has 

pinned this inconsistency on three main problems: Firstly, confounded results due to the many 

demographic and lifestyle variables that appear to affect the same processes as the assumed 

bilingual advantage. Secondly, inconsistent definitions of bilingualism and a too rigid, 

dichotomous view of monolingualism and bilingualism. And finally, finding the right way to 

understand and properly assess EF. 

 The goal of the present study was to test bi- and multilingual participants varying in 

the use and proficiency of their L2(s) by using cognitive tasks tapping into core EF, and to 

further investigate the relationship between multilingualism and cognitive abilities. The 

project was modelled on the 2015 study by de Bruin, Bak, & Della-Sala, where the goal was 
                                                
3 Task disengagement is closely associated with efficient shifting (see section 2.2.3) and must also depend on 
updating. 
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to explore the relationship between bilingualism and cognitive advantages by leaving behind 

the more traditional view of a dichotomous relationship between monolingualism and 

bilingualism and instead focus on active vs. passive bilingualism – that is, basing their results 

on whether or not a participant was an active user of more than one language. By using a 

sample “carefully matched for potential confounding variables” (de Bruin, Bak, & Della-Sala, 

2015 p. 18) they hoped to minimize the risk of misinterpretation of results that may occur due 

to the many competing factors that are considered to enhance EF abilities.  

In addition to matching participants on potentially confounding variables and the more 

nuanced approach to bilingualism as inspired by the study by de Bruin, Bak, & Della-Sala 

(2015), the present study aimed to delve deeper into the idea of bilingualism as a continuum. 

By devising scores based on the participants’ self-reported use of and proficiency in 

languages other than their L1, the categorical divide between monolingualism and 

bilingualism (or passive vs. active bilingualism) was replaced by a range of bilingualism 

scores. These were used for exploring to what extent differences in proficiency levels and 

language use patterns relates to performance on a set of EF tasks. The tasks which were used 

are believed to assess the inhibition and shifting components of EF: a verbal and a visual 

Stroop task (Stroop, 1935; Koch & Roid, 2012), the trail-making test (Army Individual Test 

Battery, 1944), the plus-minus task (Jersild 1927, Spector and Biederman 1976, adapted by 

Miyake et al. 2000), and a Flanker task (Eriksen & Eriksen, 1974). The Flanker and Stroop 

tasks are used to asses inhibition cost, while the plus-minus task and the trail making test tap 

into shifting. By using several measures for each of the components, the hope was to discover 

any differences pertaining to task impurity and the related issues as discussed in section 2.3.5. 

For example, it was predicted that the use of two Stroop tasks, one verbal and one non-verbal, 

would detect the disadvantage bilinguals have previously shown on tasks that depend on 

verbal processing. Furthermore, in order to investigate the roles of inhibition and monitoring, 

RTs from the Flanker task were used for overall RT and calculating the SCE score, in 

addition to the traditional Flanker effect.  

Analyses were done to test the validity of the main hypothesis: that a higher degree of 

bilingualism is positively correlated with better performance on EF tasks. In addition, the 

following sub-hypotheses were explored: 
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1. Use is a better predictor of performance on EF tasks than proficiency is 

2. A stronger effect of bilingualism will emerge on non-verbal EF tasks than on verbal 

ones 

3. The degree of bilingualism predicts performance on measures of monitoring more 

consistently than the performance on inhibition tasks 
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3 Methods 
The data for this study comes from the MultiLing project Language and cognitive abilities in 

multilingual healthy aging led by Valantis Fyndanis. My contributions to the project have 

been data collection (performing or participating in approximately 52% of the testing 

sessions) as well as recruiting (approximately 40% of the participants), in addition to 

designing and distributing the part of the questionnaire mapping possibly confounding 

variables such as diet and physical activity. I also adapted the diet scoring system (from 

Panagiotakos et al., 2006) for our use. Finally, I contributed considerably to the organizing 

and preparation of the complete dataset for analysis, including extracting and calculating 

scores such as Flanker effect and SCE from raw data. I used the data I had prepared for my 

own statistical analyses. 

3.1 Participants 

Data was collected from 100 participants. 18 participants were removed from the final dataset 

due to the following reasons: falling outside the age-group (3%) or the L2 AoA limit of 5 

years (5%), significant outlier scores on the measure of fluid intelligence (2%), or due to 

medical conditions which could affect results (8%). The remaining 82 participants were 

Norwegian academics between the ages of 54 and 70 (mean age = 61.38; SD = 4.33), all of 

them actively working in academic research institutions. 77 (93.9%) of the participants were 

PhD holders, while 5 (6.1%) held a high level of education below PhD (MA or similar). 58 

(70.7%) were professors, 8 (9.8%) were associate professors, 14 (17.1%) were researchers 

and 2 (2.4%) were dentist instructors with a background from research. The total number of 

years of formal education (from 1st grade to finished university degree) for each participant 

ranged from 17 to 29 (mean = 21.6, SD = 2.5), meaning that all had had at least 5 years of 

higher education. 4 They were all successive bilinguals with Norwegian as their only L1, 

learning their first foreign language between the ages of 5 and 15 (mean = 10.0; SD = 1.9). 

However, they varied in terms of how many languages they spoke and the rate of use and 

degree of proficiency in the respective languages (see table 1 for descriptive statistics and 

figs. 1 and 2 for distribution of use and proficiency scores).  

                                                
4 Assuming 12 years of primary and secondary education which was the Norwegian standard at the time of 
education for the age groups in question. 
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Table 1  
Descriptive statistics for L2 variables 

 

 

 

 

 

 

 

 

  
             Fig. 2 Histogram for L2 use scores 
 
  

 

This group was chosen in order to control for several of the confounding factors associated 

with the bilingual advantage: firstly, choosing to test participants of a higher age was due to 

the many studies showing a more pronounced effect in children and older adults (see section 

2.1). Secondly, the participants were similar in terms of socio-economic status (SES), 

education length, and cognitive complexity of occupation, all factors which has been shown 

to influence performance in this kind of cognitive tasks (see e.g. Kavé et al., 2008; Valian 

2015). Similarly, it was ensured that all participants were actively working (i.e. not retired), as 

retirement for many, particularly in cognitively demanding jobs, would mean losing an 

important contributor to cognitive maintenance, possibly leading to a more rapid cognitive 

decline (although it seems to be possible to minimize the effect of retirement by taking up 

leisure activities and staying socially active, cf. Valian, 2015). Finally, all participants were 

 Min. Max. Mean SD 

Number of L2s 1 6 3.5 1.2 

L2 proficiency 

score 

26 153 68.0 30.8 

L2 use score 0 28 13.8 6.0 

Fig. 1 Histogram for L2 proficiency 
scores 
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born in Norway, in order to avoid any influence by the immigration effect, as discussed in 

section 2.3.4.  

3.2 Procedures 

All participants were required to fill out a comprehensive questionnaire and were screened for 

symptoms of dementia/mild cognitive impairment using a revised version of the 

Addenbrooke’s Cognitive Examination (ACE-R 2005, Rosness, Gausdal, Gjøra & Engedal) 

which measures performance in orientation, attention, memory, category and letter fluency, 

language and visuospatial abilities. No participants scored below the cut-off point (89 out of 

100 points). They were also administered a computerized version of Raven’s progressive 

matrices (RPM, Raven, 1936) to control for differences in non-verbal, fluid intelligence. 

Participants deviating more than 2 SDs from the mean were considered outliers, and their data 

was excluded from further analysis. The participants were tested individually over two 

sessions, the first one lasting about 90 minutes, and the second one lasting about 30 minutes.  

3.2.1 Questionnaire 

All participants completed a comprehensive questionnaire, which was a revised version of the 

Language and Social Background Questionnaire (LSBQ; Luk & Bialystok, 2013). They 

reported their age, gender, education level, and involvement in other cognitively enriching 

activities and lifestyle factors such as playing computer games or musical instruments, 

amount of physical exercise, and dietary habits. Gaming, instruments and exercise was 

reported in hours per week. For the diet scores we adapted the MedDietScore system used by 

Panagiotakos et al. (2006) for our more limited questionnaire. Participants were asked to 

report their average consumption of 9 food groups on the scale daily, weekly, monthly, less 

than monthly and never. The wholesome food groups (whole grain, fruit, vegetables, legumes, 

fish, and olive oil were scored from 0 (never) to 4 (daily), while the less healthy food groups 

(meat/poultry and high-fat dairy products) were scored using a reversed scale of 4 (never) to 0 

(daily). The scores were added up into a single, composite diet score for each participant. A 

higher score thus indicates more frequent consumption of the health-promoting food groups, 

while a low score would point to a diet consisting of a larger proportion of the less 

wholesome food groups.  
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In the questionnaire, the participants were asked a series of questions about their 

language background, reporting their age of acquisition (AoA) for all languages and dialects 

ever learned, level of activity in each L2, ranging from “daily (five days a week or more)” to 

“less than once a month”, as well as proficiency and usage patterns in the various L2s. 

Proficiency was rated for each language on a scale from 1-10, in the modalities speaking, 

writing, listening and reading, and a composite score (of all the modalities) for L2 proficiency 

was calculated (L2 proficiency score). For use, they were asked to rate their proportional use 

of each language in each modality, adding up to a score of 100 in each of the four modalities 

(e.g. Norwegian writing: 70%, English writing: 20%, French writing: 10%). Their percentage 

scores were then used to calculate composite scores for each modality (excluding Norwegian), 

giving a complete score for foreign language use (L2 use score) as well as for production and 

comprehension respectively. Because of high intercorrelation between the four modalities 

within use and proficiency respectively, only the total composite scores for L2 use and L2 

proficiency were used for further analysis. 

3.2.2 Stroop tasks 

Stroop tasks are regularly used to measure inhibition or the common EF factor (Valian, 2015; 

Miyake & Friedman, 2012). In order to detect possible differences between verbal and non-

verbal tasks (as discussed in section 2.3.5), both a verbal and a non-verbal Stroop task were 

used. The verbal Stroop task consisted of three conditions (congruent, incongruent and 

control). In each condition, the participant was presented with a list of color words printed on 

a sheet of paper. In the congruent condition, all color words matched the color of the ink in 

which they were printed; in the incongruent condition there was a mismatch (for example, the 

word red was printed in green ink). In the control condition, all words were printed in black 

ink and the participant was asked to read the list as quickly and accurately as possible. This 

was done to control for differences in automatization as less automatized reading abilities 

would be an advantage in this task (Bialystok et al., 2014). The participant was presented with 

each condition separately and was required to name the colors as quickly and precisely as 

possible, paying attention to ink color only and disregarding the actual color word. Their 

performance was timed (measured in seconds) and mistakes (if made) were noted. The 

interference cost (Stroop effect) was calculated as the proportional increase in time taken to 

perform the incongruent condition compared to the congruent condition, using the formula 

(incongruent - congruent)/congruent.  
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 The nonverbal Stroop task we used was the Nonverbal Stroop Card Sorting Test 

(NSCST). A plastic mat with four outlined boxes, each accompanied by a colored rectangle, 

was placed in front of the participant, and the task administrator placed cards one by one on 

the mat. The cards had two colored rectangles, one of which was marked with a white cross. 

The participant was instructed to sort cards into the correct box based on the color of the 

rectangle with the cross, and to do so as quickly and accurately as possible. This task 

consisted of two conditions, one congruent and one incongruent. In the congruent condition, 

the rectangles on the cards were the same color, in the incongruent condition, they were two 

different colors, requiring the participant to inhibit the irrelevant color in order to place the 

card in the correct box. It is worth mentioning that even though this is in principle a non-

verbal task, several participants would mumble color names while sorting in the incongruent 

condition.  

Both conditions were timed, and mistakes counted. The Stroop effect was calculated 

by finding the ratio for each condition (the time taken to complete the condition divided by 

number of cards correctly sorted) and subtracting the ratio of the congruent condition from 

that of the incongruent.  

3.2.3 Flanker task 

The Flanker task was administered using E-Prime on a laptop computer and a response box. 

Five arrows were shown on screen, and the participant was instructed to consider the middle 

arrow (target arrow) and indicate the direction in which the arrow pointed by pressing either a 

left or a right button. The task consisted of four test trials (congruent with arrows pointing 

right, congruent with arrows pointing left, incongruent with target pointing right, and 

incongruent with target pointing left) in randomized order, as well as 40 normal trials (20 

congruent, 20 incongruent), also in randomized order. Each trial began with a 1 second 

fixation point and ended only when the participant responded by pressing a button. In the 

congruent condition, all arrows pointed in the same direction, while in the incongruent 

condition, the flanker arrows pointed in the opposite direction of the target arrow. The 

distraction caused by the flanker arrows must be inhibited, thus the difference in RT between 

the two conditions produces a flanker effect indicating level of inhibitory control.  

Mistakes and individual responses exceeding 3 SDs from the mean were removed for 

each participant. Raw data from the Flanker task was used for three measures. Firstly, the 

combined RTs on congruent and incongruent trials were added up for each participant to 
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produce a global RT score. Secondly, the flanker effect (the inhibition measure) was 

calculated as the difference between the mean RT of the incongruent condition and the 

congruent condition, divided by the mean of the congruent condition (I-C/C).  Thirdly, the 

sequential congruency effect (SCE; see section 2.3.6) was calculated for each participant, 

based on the descriptions of Grundy et al. (2017). This was done by splitting the trial types 

into four categories, based on congruency of the preceding trial: congruent followed by 

congruent (CC), congruent followed by incongruent (CI), incongruent followed by congruent 

(IC) and incongruent followed by incongruent (II). We then calculated the c-flanker effect by 

subtracting mean RT of IC trials from mean RT of CC trials. Similarly, i-flanker effect was 

calculated by subtracting mean RT of II trials from mean RT of CI trials. Finally, the SCE 

score per participant was obtained by subtracting i-flanker effect from c-flanker effect.  

3.2.4 Trail-making task 

The trail-making task (TMT) was administered using pen and paper and consisted of two 

conditions. In the first round (TMT A), the participants were presented with a sheet of paper 

with circled numbers ranging from 1-25 and were instructed to draw a line from number 1 to 

number 25 in consecutive order without lifting the pen from the paper. For the second round 

(TMT B), the sheet of paper contained the letters A-L in addition to numbers 1-13. 

Participants were asked to draw a line between the circles as in the previous condition, 

alternating between numbers and letters in the fashion of 1-A-2-B-3-C and so on. As with the 

non-verbal Stroop task, the shifting condition (TMT B) caused many participants to mumble 

the numbers and letters out loud as they performed the task.  

Both conditions were timed, and a shifting cost was calculated for each participant by 

subtracting the time used in TMT A from that of TMT B and dividing the result by TMT A.  

3.2.5 Plus-minus task 

The plus-minus task was administered with paper and pen and consisted of three conditions: a 

plus-condition (c1), a minus-condition (c2), and a shifting condition (c3). All three conditions 

were timed. For the first condition, the participant was given a pen and a sheet with a list of 

30 numbers and instructed to add three to each number on the list as quickly and accurately as 

possible and to write down the answers. For the second condition, instructions were similar, 

except that the participant was told to subtract three from each number. In the final condition, 
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the instructions were to alternate between adding and subtracting three, beginning with 

addition. The numbers used in the task were the numbers from 10-99, and no number 

appeared twice. The final condition requires shifting, and also here, many participants were 

mumbling plus and minus as they went along with the task, in order to keep track. 

After the session, mistakes were noted, and the shifting cost for each participant was 

calculated using the formula (c3-(c1+c2)/2)/((c1+c2)/2).  

3.3 Statistical analysis 

Statistical analyses were performed with RStudio version 1.0.136 (R Core team, 2016; 

RStudio team, 2016).  Participants were relatively homogeneous in terms of AoA of first L2 

(mean = 10.2; SD = 2.2), weekly instrument practice (mean = 0.6, SD = 1.3) and weekly 

hours of playing video games (mean = 0.4, SD = 1.4), and these variables were omitted from 

the subsequent analysis. Years of formal education was also excluded, both due to the relative 

homogeneity of the group in this sense (they were recruited from a group of highly educated 

individuals), and because one could argue that an academic career in many ways involves the 

very aspects of education that would be likely to affect cognitive abilities (such as continuous 

learning and analytic thinking). This would mean that years of education might be an 

imprecise measure for this particular group. 

 In order to be able to make predictions of different outcomes for the use and 

proficiency variables, a correlational analysis was run to check for collinearity. The 

correlation was significant (rs(80) = 0.221, p = 0.046) but small (according to Cohen’s scale, 

see Field, Miles, & Field, 2012). Thus, the overlap was small enough to investigate both 

factors as separate influencers on EF. Similarly, the relationships between possible confounds 

and degree of bilingualism was controlled, in order to make sure that the variables were 

separable. There was no significant correlation between degree of bilingualism and the 

variables age, physical activity, and Raven’s progressive matrices (p > 0.05). However, a 

significant correlation was found between diet score and L2 use (rs(80) = 0.270, p = 0.007). 

Nonetheless, the correlation was weak, and the low level of collinearity should not affect the 

outcome.  
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3.3.1 Correlation 

Distributions of all variables were inspected for normality and skewness. The Shapiro-Wilk 

test for normality revealed that only five of the variables (Use of L2s, Flanker, SCE, visual 

Stroop and TMT) were normally distributed. Log transformation did not return normality for 

all of the remaining variables, and because the data thus did not meet assumptions for 

Pearson’s r, all relationships were explored using two-tailed Spearman correlations.  

 Because performing multiple correlations increases the risk of making a type I error (a 

false positive due to coincidence), all p-values were adjusted using the Holm-Bonferroni 

method of correction (Field et al., 2012).  

3.3.2 Regression  

In order to further explore the relationships between the possible influencers and EF, 

particularly connected to the hypothesis that use would be a better prediction of EF 

performance than proficiency, a linear regression model was created for each of the EF 

measures (Flanker, Flanker global RT, SCE,  Verbal Stroop, Non-verbal Stroop, TMT, and 

plus-minus) to investigate the predictive power of use, proficiency, age, physical activity, 

diet, and RPM. 
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4 Results 
In each of the subsections below I will summarize the findings from the statistical analyses. 

Section 4.1 focuses on the correlation results, starting with the correlations between EF 

measures and the linguistic variables. I will begin with the inhibition measures (4.1.1) and the 

shifting measures (4.1.2), before moving on to monitoring measures (4.1.3) and finally, I will 

report the results from the correlations between EF measures and the non-linguistic variables 

(4.1.4). In 4.2, I will report the results of the linear regression. A short summary can be found 

in 4.3. 

4.1 Correlations 

Correlation results and p-values are presented in tables 2–4. Note that for all the EF tasks, a 

higher score indicates slower performance, meaning that based on the hypotheses we’d expect 

a negative correlation with the language variables (i.e. lower inhibition cost = lower score, 

while more use = higher score: thus, if amount of use leads to better inhibition abilities, the 

relationship would be a negative one). The strongest correlations from each set are presented 

in figures 3–6.  

4.1.1 Inhibition results 

Results for the inhibition measures (Flanker, verbal Stroop, visual Stroop) and language 

variables are reported in table 2. No correlations between inhibition measures and degree of 

bilingualism reached significance at a=0.05. While correlations were weak (range of rs(80) = 

±0.022-0.116), they did mostly show consistent patterns in direction: Flanker and visual 

Stroop correlated negatively with proficiency and use. Verbal Stroop correlated negatively 

with proficiency, but positively with use. The strongest correlation in this set was the one 

between verbal Stroop and L2 use (fig. 3). 

4.1.2 Shifting results 

Results for the shifting measures (TMT and plus-minus) and the language variables are 

reported in table 2. No correlations yielded significant results at a=0.05. Correlations were 

weak (range of rs(80) = ±0.029-0.108). While TMT correlated negatively with the language  
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Table 2  
Correlation coefficients (and adjusted p-values) for inhibition and shifting measures 

 Flanker Verbal 

Stroop 

Visual 

Stroop 

TMT Plus-minus 

Proficiency -0.052 -0.022 -0.046 -0.066 0.101 

 (1) (1) (1) (1) (1) 

Use -0.096 0.116 -0.052 -0.108 0.029 

 (1) (1) (1) (1) (1) 

 

 

 

variables, the same relationships for plus-minus were positive. The strongest correlation was 

found between TMT and L2 use (fig. 4). 

4.1.3 Monitoring/attention results 

Results for the monitoring measures – Flanker global RT and SCE – and the language 

variables are reported in table 3. No correlations between monitoring measures and degree of 

bilingualism reached significance at a=0.05. Correlations were weak (range of rs(80) = 

±0.017-0.1), but most went in the expected direction, apart from that between SCE and 

proficiency. The strongest correlation was between Flanker global RT and L2 use (fig. 5). 

 
Fig. 3 Scatterplot of L2 use and verbal Stroop 
performance 

 
Fig. 4 Scatterplot of L2 use and TMT performance 
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  Table 3  
  Correlation coefficients (and adjusted p-values) for monitoring measures 

 

 

 

 

 

4.1.4 EF and non-linguistic variables 

The correlations for EF tasks and predictor variables other than bilingualism are reported in 

table 4. No correlation reached significance at a=0.05. The correlation between global RT on 

the Flanker task and performance on Raven’s progressive matrices (fig 6) was the strongest in 

the entire data set (rs(80) = -0.259), and was the only significant correlation before p-value 

adjustment (unadjusted p = 0.019). Correlations were weak (rs(80) = ± 0.009 – 0.259), and 

directions mixed. The only variable in this group with an almost consistent pattern in terms of 

direction was age, which showed a positive relationship with all the EF measures except 

visual Stroop. 

 

 

 Flanker global RT SCE 

Proficiency -0.017 0.081 

 (1) (1) 

Use -0.1 -0.078 

 (1) (1) 

  
     
 
  

Fig. 5 Scatterplot of L2 use and global 
RTs for Flanker 

Fig. 6 Scatterplot of Ravens 
progressive matrices and Flanker 
global RTs 
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Table 4  
Correlation coefficients (and adjusted p-values) for non-linguistic variables 
 Flanker Flanker 

global RT 
SCE Verbal 

Stroop 
Visual 
Stroop 

TMT Plus-
minus 

Age 0.075 0.202 0.057 0.068 -0.107 0.088 0.057 

 (1) (1) (1) (1) (1) (1) (1) 
Physical 
activity 

0.157 0.025 0.041 -0.143 0.154 0.059 -0.030 

 (1) (1) (1) (1) (1) (1) (1) 
Diet -0.009 0.035 0.116 -0.080 -0.121 -0.09 -0.059 

 (1) (1) (1) (1) (1) (1) (1) 
Raven 0.049 -.259 -0.026 -0.104 0.071 -0.197 -0.009 
 (1) (0.782) (1) (1) (1) (1) (1) 
 

 

4.2 Regression 

Multiple linear regressions were calculated to predict each of the EF variables based on 

degree of bilingualism (use and proficiency), age, diet, physical activity, and RPM score. 

None of these predictors had a significant effect in any of the regression models. The R2 for 

the various models ranged from 0.03 to 0.1, indicating that the models accounted for 10% of 

the variance or less. The strongest R2 was found in the TMT model (R2 = 0.1), which is 

reported in table 5.  

 

4.3 Summary of results 

No significant correlations were found between EF measures and degree of bilingualism or 

the other independent variables (age, physical activity, diet, and RPM performance). The 

effect sizes were overall small, but for many of the measures (Flanker, visual Stroop, TMT 

and global Flanker RT) the correlations went in the expected direction. Linear regression 

models detected no significant effect of any of the independent variables on EF performance.  
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Table 5  
Linear regression table for prediction of TMT performance 
Independent variables B Std. Error B t p 

Age 0.006    0.014   0.410    0.683   

Physical activity -0.008   0.015   -0.562    0.576   

Diet score -0.044    0.028  -1.571    0.12   

Raven -0.017    0.01   -1.709    0.092 

L2 Proficiency -0.001    0.001   -0.558    0.579  

L2 Use 0.008    0.01   -0.749    0.456 
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5 Discussion 
The main goal of this study was to investigate the relationship between bilingualism and 

executive functions. Specifically, the focus was on treating bilingualism as a continuum, and 

investigating to what extent there was difference between the influence of L2 use and L2 

proficiency. The participants were tested using tasks tapping into inhibition and shifting. They 

varied in degree of bilingualism, but were otherwise relatively homogenous – in an effort to 

control for possible confounds. However, Spearman correlations showed no significant 

relationships between the EF tasks and any of the language measures. In the following 

chapter, I will discuss the results in light of theoretical approaches and related studies. I will 

begin by reviewing the hypotheses, before moving on to discussing the findings related to the 

different measures in 5.1. In 5.2, I will further discuss the role of L2 use in relation to EF 

practice, and finally, in 5.3, I will go through limitations of this study.  

I will also in some instances comment on the direction or strength of the correlations, 

even though they are not significant. This will only be done in the cases where I find patterns 

that could be seen as interesting, even when lacking statistical significance. It is, however, 

important to note that I will not be making any conclusions based on these observations. 

While the importance of the p-value has been debated due to its arbitrariness and the high 

dependence on sample size (see e.g. Greenland et al., 2016; Wasserstein & Lazar, 2016), it’s 

still seen as an important validator for statistical results. Furthermore, the effect sizes in this 

study are very small (most are below 0.1), and thus placing much weight on them when they 

are also non-significant would be tendentious. 

5.1 Main findings 

The main hypothesis for this study was that higher degree of bilingualism would correlate 

with performance on the EF tasks. No results supported this hypothesis. Although correlations 

for the Flanker effect, Flanker global RTs, visual Stroop, and TMT measures went in the 

expected direction, effects were small and not significant.  

The second hypothesis was that the amount of use of more than one language would 

be a stronger predictor of EF abilities than L2 proficiency. Because it is assumed that the EF 

are strengthened as a result of a practice effect, it seems likely that the best measure for this 

practice would be use rather than proficiency. The results show that for all EF tasks except 
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verbal Stroop, the correlation coefficients for use are consistently leaning more towards the 

expected direction than those for proficiency. This tendency could be seen as a slight 

indication that use might be more strongly associated with better EF performance than 

proficiency is. Nonetheless, because of the relative weakness and the lack of significance, the 

results provide no direct support for this hypothesis. Furthermore, linear regression models 

did not find neither use nor proficiency to be significant predictors of EF performance. This 

will be discussed further in section 5.2. 

The third hypothesis stated that a stronger effect of bilingualism would emerge on 

non-verbal EF tasks than on verbal ones due to the apparent extra challenge bilinguals 

experience when doing verbal tasks (see section 2.3.5). There was a positive correlation 

between use and the verbal Stroop task (the only clearly verbal task), indicating a positive 

relationship between higher level of bilingualism on the use axis and poorer performance on 

the verbal Stroop task. However, the same effect was not found for the proficiency axis. 

While this could have been seen as another indication that use is more tightly connected to 

performance on EF tasks than proficiency, and that this result could reflect the verbal 

disadvantage for bilinguals, the correlation was not significant. Thus, this study does not 

provide support for the third hypothesis.  

The fourth hypothesis stated that the degree of bilingualism would predict 

performance on measures of monitoring more consistently than performance on inhibition 

tasks. This was hypothesized because of the recent discussion on the relevance on inhibition, 

and the possibility that bilinguals could be outperforming monolinguals on inhibition tasks 

due to an improved ability to monitor the varying difficulty levels of the trials rather than 

superior inhibition abilities (see section 2.3.6). Monitoring abilities were measured with 

overall reaction times on the Flanker effect, and the SCE score (see section 3.2.3 for more 

details). Results from this study provide no evidence to support this hypothesis.  

In the following subsections, I will further discuss the findings related to the measures 

for inhibition (5.1.1), shifting (5.1.2) and monitoring (5.1.3). 

5.1.1 Inhibition 

This study used several inhibition measures (a Flanker task, a verbal Stroop task and a visual 

Stroop task). If performance on the tasks is influenced by several factors other than EF (i.e. 

verbal processing needs, interference element and presentation, see section 2.3.5), the hope 

was that this would be mediated to some extent by using more than one measure. However, 
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no connection between any of the tasks and degree of bilingualism was found. The lack of 

significant results in inhibition are not unique to this study, and it is not clear what role 

inhibition actually plays with regard to both EF and the bilingual advantage (see section 

2.3.6). 

The focus on inhibition as a component of EF has been present in much of the literature 

on the bilingual advantage, despite the unity-diversity model showing no separate inhibition 

factor, and in spite of the following quote from the influential paper by Miyake et al. (2000) 

from which the unity/diversity model comes: 

“The conception of Inhibition used here is constrained to the deliberate, controlled suppression of 

prepotent responses. Thus, by inhibition, we do not mean inhibition that takes place in typical 

spreading activation models or connectionist networks. That type of inhibition usually refers to a 

decrease in activation levels due to negative activation […] and is not necessarily a deliberate, 

controlled process” (p. 58) 

Thus, if one assumes language processing as a spreading activation network (as many do, see 

e.g. Dell, 1986; and also Costa, 2005; La Heij, 2005), the kind of inhibition discussed in the 

unity/diversity model appears difficult to unify with the inhibitory control model (Green’s 

(1998) influential suggestion to how bilinguals inhibit the irrelevant language, see section 

2.1.2) as an explanation for why inhibition would be enhanced by bilingualism. Inhibition 

tasks such as the Flanker, Stroop, and antisaccade tasks (the latter involving deliberate eye 

movement away from a distraction) all employ a level of controlled inhibition: you are aware 

of ignoring flanker arrows or suppressing the automatically read color words. In bilingual 

language production however, it seems a likely assumption that most people are not aware of 

suppressing words in the irrelevant language (at least most of the time). It may very well be 

that this suppression also requires some form of the same inhibitory mechanisms as deliberate 

suppression, or that there is some extent of transfer between the two. However, it cannot be 

assumed that these two types of suppression overlap completely. 

 The notion of various types of inhibitory control has been debated by psychologists, 

but has, to my knowledge, not been discussed in relation to research on bilingualism. There 

have been a few attempts to classify different types of inhibition (see e.g. Dempster, 1993; 

Harnishfeger, 1995; and Nigg, 2000), and these different taxonomies were tentatively unified 

by Friedman & Miyake (2004). They list three types of inhibition: resistance to distractor 

interference, resistance to proactive interference (or PI), and prepotent response inhibition. 

Prepotent response inhibition is probably the most common understanding of the term 
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inhibition (Diamond, 2013). It denotes the ability to suppress automatic responses on the 

output level, like one does in e.g. the verbal Stroop task where automatized reading abilities 

must be inhibited in order to focus on the task. Resistance to distractor interference, which 

takes place at a perceptual stage of processing, is “the ability to resist or resolve interference 

from information in the external environment that is irrelevant to the task at hand” (Miyake & 

Friedman, 2004, p. 104). This can be exemplified with e.g. ignoring the distractor arrows of 

the flanker task or ignoring the unmarked color in the visual Stroop task. Resistance to 

proactive interference, also known as cognitive inhibition (Diamond, 2013), is the ability to 

resist memory interference of previously relevant information when performing a task. This 

can be exemplified with adhering to a change in rules while performing a task and minimizing 

interference from the discarded rules. Cognitive inhibition is thought to take place on the 

intermediate processing level, i.e. in working memory.  

A latent-variable analysis of the three inhibition types done by Friedman & Miyake 

(2004) revealed a correlation between prepotent response inhibition and resistance to 

distractor interference, whereas cognitive inhibition was found to be unrelated to the other 

two. Their conclusion was that this indicates that what could be called Response-Distractor 

inhibition is separable from cognitive inhibition, and that the latter could be related to other 

aspects of cognition – likely working memory and cognitive flexibility. 5 

 Considering that there are at least two separable aspects of inhibition, it is worth 

discussing to what extent the different types are involved in bilingual processing. Response-

Distractor interference is the combined ability to ignore irrelevant external stimuli and inhibit 

automatized response (Diamond, 2013; Friedman & Miyake, 2004), while cognitive 

inhibition is defined as the suppression of prepotent mental representations, or inhibition of 

thoughts and memories (Diamond, 2013). It would seem logical then to assume that any 

inhibition happening due to parallel activation of two or more languages would have more to 

do with cognitive inhibition than with response-distractor interference. If this is the case, the 

tasks which are currently used to measure inhibition (largely response-distractor interference 

tasks) would not necessarily detect differences pertaining to any beneficial effect this 

inhibitory practice might have.  

                                                
5 Once again, however, the terminology is inconsistent (cf. section 2.3.6). Firstly, it is still in this case not 
obvious what is meant by working memory. Secondly, the term cognitive flexibility is by some used 
interchangeably with shifting (see e.g. Diamond, 2013), while others seem to use it more independently of the 
EF components.  
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If it is the case that the influence of bilingualism on response-distractor inhibition is 

limited, it could be questioned why several studies have found an effect when using tasks 

tapping into this kind of inhibitory control. One explanation could be that task complexity 

would also require more of the other EFs. Task complexity has appeared to be important in 

order to find a bilingual advantage (see section 2.3.6), and perhaps this increased complexity 

in many cases means that successful performance on a task to a greater extent requires the 

employment of other cognitive functions, such as monitoring or updating. I have already 

discussed the relevance of monitoring in the context of the Flanker task (section 2.3.6), and it 

would appear likely that this is also relevant in other response-distractor tasks. 

When revisiting the definition of cognitive inhibition as well as the definitions of 

updating and shifting, it would seem that there is a link between cognitive inhibition and the 

two other factors. Cognitive inhibition is present in shifting, according to Miyake et al., 

(2000), who describe shifting as consisting of the elements task disengagement + task 

engagement + cognitive inhibition (referred to as resistance to proactive interference). It 

would also appear that cognitive inhibition is needed in order to be successful at updating, as 

one would have to prevent the intrusion of previously relevant information into the updated 

content of working memory (Diamond, 2013). It is also debated whether inhibition is actually 

separable from updating or not (see Diamond, 2013 for a short overview). The tightly 

intertwined relationships between inhibition and the other EF factors illustrate once again the 

complexity of cognitive structures, and underline the difficulties associated with disentangling 

the components by measuring each of them as a separate entity.  

The role of inhibition is already debated on several grounds, and it appears that there is 

an increasing amount of evidence suggesting that it is not as important as first thought (see 

e.g. section 2.3.6). If there is a likelihood of the relevant parts of inhibition being closely 

related to updating and shifting, it may make more sense to concentrate more on these 

abilities in the future, and additionally, to keep exploring the role of monitoring.  

5.1.2 Shifting 

Two tasks were used to measure shifting abilities, but neither of them yielded significant 

results. Furthermore, the correlation between the plus-minus task and the use and proficiency 

variables showed a positive relationship (indicative that higher degree of bilingualism would 

be related to poorer performance on the task), rather than the expected negative relationship. 

There are at least two possible explanations for this unexpected result. Firstly, that the 
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demand added to the task by arithmetic operations results in unpredictable patterns of 

performance, cf. the task impurity problem in section 2.3.5. Not only is performance in this 

task dependent on shifting, but also on arithmetic skills. Varying abilities in simple mental 

calculation could add to the multitasking demand of this task to the extent that results no 

longer depend enough on shifting to see an effect of bilingualism. Secondly, while this task is 

often portrayed as non-verbal, it can be questioned to which extent understanding of numbers 

can be seen as separate from language (see e.g. Spaepen et al., 2011). If the processing of 

numbers draws on the same systems as verbal processing, it is likely that bilinguals will be 

negatively affected by this (cf. section 2.3.5).  

The non-verbal aspect could of course also be discussed for the TMT. It was not 

uncommon for participants to be muttering under their breaths (i.e. A-1, B-2 etc.) as they 

went along with the task. However, this should probably be interpreted as a deliberate choice 

by the participants in order to facilitate task performance, and it would seem likely that the 

beneficial effect of this would outweigh the possible negative effect of lexical processing. 

Again though, this illustrates the notion that the employment of strategies outside of executive 

control likely means that task performance is reflective of so much more than just EF abilities. 

 More important in this context however, are the possible reasons why the results fail to 

show any effect of bilingualism on shifting abilities. It may have to do with the patterns of use 

for the various languages in the repertoire of the participants: From our questionnaire, we 

found that most of the participants used their two or more languages in separate domains, or 

in what Green and Abutalebi (2013) refer to as single-language contexts. These are language 

patterns in which each language is used in its own separate situation – e.g. English for work 

and Norwegian for home, and perhaps some German on holiday. The linguistic demands that 

would contribute to a shifting ability are not necessarily all too present in these kinds of 

situations. In their adaptive control hypothesis, Green and Abutalebi listed the possible 

differences in cognitive demand for three kinds of language contexts (single language, dual 

language, and dense code-switching), hypothesizing that the difference in demand causes 

cognitive control processes to adapt accordingly. In other words, speakers would need 

differing adaptive patterns, depending on which situation(s) they take part in. The most 

demanding situation in terms of task disengagement and task engagement (core functions of 

shifting, see section 2.2.3) would be a dual language context (i.e. one in which both languages 

are used in the same context, but with different speakers). Thus, it might be that bilingual 

speakers mostly partaking in single-language contexts do not get the same amount of practice 
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in high-demand switching between languages as those in dual-language contexts, perhaps 

resulting in less enhanced shifting skills. It is worth noting, however, that the adaptive control 

hypothesis is still in a preliminary stage (Bialystok, 2017), and thus, further research is 

needed in order to find out whether the hypothesis can find support in empirical evidence. 

5.1.3 Monitoring measures 

The monitoring measures (global RT on the Flanker task and the sequential congruency effect 

– SCE) were used in order to explore to what extent degree of bilingualism would affect 

monitoring as described in section 2.3.6. No significant correlations with any of the EF tasks 

were found, but prior to p-value adjustment, global RTs for the Flanker task did correlate 

significantly with RPM, hinting towards a relationship between monitoring abilities and 

nonverbal fluid intelligence. However, after adjusting for multiple comparisons, the 

correlation was no longer significant. 

 These results do not lend support to the idea that bilingualism enhances monitoring 

and executive attention. However, it may be that the lack of significant results altogether is 

due to the homogeneity of the group in terms of cognitively demanding occupations. If it is 

the case that effects of bilingualism are difficult to discover in younger people due to a more 

cognitively stimulating lifestyle (see section 2.1), it may very well be that the same is true for 

an academic group, despite their age. In other words, the group may be performing at ceiling, 

leaving no room for effects to emerge. This is also consistent with the observation that no 

significant correlations were found with the other variables commonly associated with 

enhanced EF performance, or most importantly, with age. It is widely recognized that age-

related cognitive decline leads to longer RTs and poorer performance on EF tasks (e.g. Craik, 

2017; Kavé et al., 2008), and the lack of age-related effects in the data could therefore point to 

such a ceiling effect. This is in line with the idea that mental stimulation and a highly 

demanding profession contributes to cognitive reserve and slows the cognitive decline 

associated with age.  

5.2 The importance of use: practice makes perfect? 

An important consideration in the design of this study was the aspect of use versus 

proficiency. In focusing on the full spectrum of L2 use rather than taking a dichotomous or 

categorical approach to bilingualism, the goal was to explore the effect of amount of use on 
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EF abilities. The results did not provide any significant effects, although there was a very 

weak tendency of use being more strongly connected to improved EF than what proficiency 

is.  

 It is logical to assume use as a more important factor than proficiency (although the 

two are of course also tightly linked to each other), because of the assumption that the 

bilingual advantage has to do with a practice effect. From this hypothesis it follows that more 

use would provide more practice, which in turn would lead to better EF. However, there are 

some issues related to practice and automatization which should also be taken into account, 

and I will outline these in the remainder of this section. 

A study by by Bak, Long, Vega-Mendoza and Sorace (2016) investigated the impact 

of intensive language learning on attention. Using a pre-test/post-test design, the participant 

group and control groups were tested using the TEA auditory subtest set Elevator counting, 

which measures attentional inhibition (similarly to the Flanker task) and attentional shifting. 

They found that after only a week of intensive language learning, participants showed 

improved performance on the shifting task, though not on the inhibition task.  

These findings suggest that there is indeed something in the language learning process 

which stimulates shifting abilities and provides some sort of practice effect. Other studies 

have found that EF can be purposefully trained through various programs, such as 

computerized training, interactive games, or specifically designed add-ons to school curricula 

(see Diamond, 2013 for the extensive list). However, these studies also found that there 

appears to be some limitations to the effects of EF training: in order to see an effect, not only 

is there a need for repeated practice, but also a continuous increase in difficulty. This need 

could be a result of the artificial training situation, where playing the same level of difficulty 

in a computer game would eventually get boring, causing a lapse of concentration to put a halt 

to the training effect. However, it seems logical to assume that the need for gradually 

increasing difficulty could be generalized to naturally occurring EF training: after all, it is 

through gradually mastering new levels of difficulty that we develop new skills (Diamond, 

2013). 

Using EF takes up resources, so in order to free up working memory capacity for other 

things, familiar actions become automatized (see Diamond, 2013; Green & Abutalebi, 2013). 

When learning something new (e.g. maneuvering a car into a tight garage), EF are employed 

in order to enable us to stay in control of the situation. Once we have parked in this garage a 

number of times, the actions needed become automatized, and we no longer need EF in order 
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to successfully perform the task (on the contrary; once you have automatized exactly how far 

to back up and how many degrees to turn the steering wheel, putting any thought into it at all 

will likely just complicate the process; see Diamond, 2013). 

Repeated practice will cause most familiar actions to be automatized and “second 

nature”. Thus, for an experienced bilingual, it would seem likely that also control over one’s 

languages in turn will be automatized. When one is performing the TMT, the challenge of 

efficient shifting is clearly noticeable, and it appears obvious to the person performing the 

task that extra resources are employed in order to keep track of things. On the other hand, in 

most situations, the language we produce emerges quite effortlessly – at least given a certain 

level of proficiency. Only in special situations, for example scenarios in which one juggles 

two or more languages among several conversational partners at once, could we anticipate a 

more effortful language production. 

 In light of this, there are two questions which appear to be relevant:  

 

1. Once a certain level of proficiency is reached and one has grown accustomed to the 

language switching situations relevant to one’s life, to what extent are EF still employed 

in order to control the use of a bilingual’s languages? And related to this: if there is a 

cutoff point, where is it? 

 

2. EF can be enhanced as a result of practice, but for how long does this enhancement 

last? Does training leave a lasting imprint on EF, or will practice have to be regular in 

order to keep EF performance up to the same level? 

 

To my knowledge, these questions remain unanswered. On the one hand, we hypothesize that 

bilingualism and other cognitively enriching activities may contribute to cognitive reserve – a 

sort of backup resource which may aid us in the case of cognitive or neural impairment or 

decline (such as dementia, see e.g. Valian, 2015). On the other hand, we also explain lack of 

results in groups consisting of younger people with a high amount of cognitively enriching 

activities – implying that at least some of the beneficial effect subsides with time if one does 

not keep practicing. Of course, it may be that the differences in young and old have more to 

do with general cognitive decline (i.e. a naturally occurring development of the brain and its 

functioning). Nonetheless, the fact that both arguments are used shows that there is still a lot 

to learn about how EF are affected by practice.  
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 It should be clear that there are at least two kinds of situations in which language 

production is complicated as a result of bilingualism: firstly, problems related to proficiency, 

either due to a lower L2 proficiency overall, or because you are using your L2 in a new 

domain or an unfamiliar context. Secondly, a more complex language situation due to the use 

of several languages in the same context, as also discussed in section 5.1.2. It would seem 

likely that at least the second scenario would make use of EF in order to monitor the situation 

and successfully switch between languages. This is also the theory of Green and Abutalebi’s 

adaptive control hypothesis (2013; also discussed in section 5.1.2), in which they hypothesize 

that such dual language situations present the highest demand on the control processes needed 

in order to succeed at language production.  

 Following from this, it could be hypothesized that a bilingual advantage would be 

more likely to appear in bilinguals who are not highly proficient in both (or all) languages, or 

in bilinguals who frequently participate in dual language situations, for example interpreters.  

5.3 Limitations and future directions 

In this section, I will discuss the limitations of the study and what could be done in the future 

in order to avoid issues which have or may have affected this study. I will begin by addressing 

limitations concerning the participant group (5.3.1), before moving on to data collection 

procedures (5.3.2) and ending with analyses (5.3.3). 

5.3.1 Participants 

Some of the limitations of this study were due to the relative homogeneity of the participant 

group. The use of such a group was a deliberate choice, as it has its advantages in terms of 

reducing the risk of interference from confounds. However, homogeneity also has drawbacks. 

For example, the lack of variation in AoA of the first L2, as well as the relatively similar 

patterns of everyday language use (i.e. the mostly domain-separate treatment of languages, 

see section 5.1.2) meant that there were possibly relevant factors pertaining to linguistic 

practice which could not be explored. The AoA issue could have been resolved by also asking 

about age of onset of active bilingualism, and further investigate the relationship between 

onset age and cognitive abilities. 6 In order to further explore the effects of frequency of 

language switching on EF, it would make sense to test a group of participants who often 
                                                
6 Luk et al. (2011) found a connection between early onset of bilingualism and higher performance on EF tasks 
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perform this switching – for example, one could investigate the EF abilities of interpreters, or 

of members of bilingual families in which several languages are used in everyday situations. 

 It appears that another consequence of the lack of variation in the participant group is 

the ceiling effect discussed in section 5.1.3. If it is the case that effects of bilingualism were 

lost because of a general high performance among all participants, this could perhaps have 

been mediated by the use of more complex tasks, or alternatively, by selecting participants of 

an even higher age or from other professions.  

5.3.2 Procedures 

A potential problem with studies of this kind is their reliance on self-reporting. For this study, 

participants rated their L2 proficiency in the modalities speaking, listening, reading, and 

writing on scales from 1-10. This is, of course, not an objective way to measure proficiency, 

which was demonstrated by the participants’ self-reported scores in Norwegian: They were 

asked to rate their abilities in all languages they spoke compared to the competence of a 

native speaker, and while most of them reported 10 (full score) on all modalities in 

Norwegian, there were also quite a few who reported less – some even as low as 7 – even 

though they were all native speakers. The inconsistency in the reporting reflects the 

subjectivity and response bias which makes self-reporting a less reliable source of 

information. It is likely that the participants’ interpretation of the scales when it comes to their 

L2 proficiency is more varied than on Norwegian proficiency, and thus that the L2 scores 

have a higher risk of being affected by response bias.  

Even though response bias is a known problem, using self-reporting to obtain a proxy 

of language proficiency is relatively common in studies of this kind (see e.g. Luk & 

Bialystok, 2013). This is because objectively testing language skills for each person in each of 

their languages in a relatively large sample is generally not feasible due to both time 

constraint and lack of resources. For example, there aren’t enough standardized tests across 

languages from which we can obtain consistent scores, and the tests that do exist are often 

translated, meaning that their quality is often compromised: translating tests is problematic in 

a number of ways (see Peña, 2007). However, an option in this context might have been to 

test the participants in English (which we knew that all of them would be relatively proficient 

in) using a standardized test, and then correlate the results of the test with their self-reported 

proficiency levels. This would have given us an indication of the reliability of the self-

reported scores (Luk & Bialystok, 2013). 
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 The second point I want to mention in this context is the choice of tasks. I have 

already touched upon the verbal/non-verbal nature of the tasks, and how tasks that are not 

specifically verbal still use forms of verbal processing. In reality, the only task used in the 

study in which some form of verbal behavior was not likely, was the Flanker task. All other 

tasks had some possibility of verbal content. I have already discussed this for the TMT and 

plus-minus tasks, and additionally, the visual Stroop task, selected specifically for its non-

verbal layout, is color based – leading many participants to mouth or mutter color names 

under their breath for sorting purposes. While the verbal content of these tasks is different 

than that of the verbal Stroop task (where words make up the distracting element itself), it 

seems obvious that there is some form of verbal processing going on, at least for many 

participants. For future studies, it might be useful to assess the possibility of this kind of 

verbal interference in tasks, and to use tasks where the risk of this is minimal, such as the 

Flanker task or the elevator counting task from the Test of Everyday Attention (see section 

5.2). Tasks in which verbalizing facilitates execution should probably be avoided if one is 

trying to minimize the effect of a verbal disadvantage. 

5.3.3 Analysis 

The use of a correlational analysis was done in order to explore the individual relationships 

between variables in a clear and simple way. However, the large number of variables highly 

increases the risk of a type I error (false positive) without p-value adjustment. On the other 

hand, P-value adjustment is also troublesome, as it reduces statistical power and increases the 

chance of type II errors, or false negatives (Field et al., 2012). This study used the Holm-

Bonferroni method because it is less conservative than the Bonferroni method, but with a 

large number of correlations, the loss of statistical power is great nonetheless. For this reason, 

correlational analyses are perhaps not the best approach to this kind of data. I would like to 

emphasize, however, that in this particular case, only one correlation was significant before 

adjusting, namely that between global Flanker RT and RPM performance. The relationship 

between these variables was not relevant for the research questions, and thus, p-value 

adjustment has not significantly altered the outcome of this study. 

 Linear regressions were also used in order to make more reliable comparisons. It 

should be noted that while the results of this particular study did not yield significance, it may 

be that other statistical procedures, such as mixed-effect models, could yield different results. 
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Other forms of analyses will be carried out on the same data in the future in order to explore 

this further. 
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6 Conclusion and further implications 
The results of this study do not provide evidence for a bilingual advantage. The lack of 

significant results means that the data from this study does not lend support to any of the 

initial hypotheses, even though there are some weak tendencies that appear to match the 

expected pattern. The data shows indications of a ceiling effect, meaning that a high overall 

performance may have prevented the emergence of any differences pertaining to bilingualism 

status. If this is the case, following up on these participants at a later point in time, e.g. after 

they have retired, might reveal other patterns. This would also be valuable in order to further 

explore the role of bilingualism in relation to cognitive decline, as well as the effects of 

retirement on EF. 

In the discussion I have also pointed to other issues which contribute to complicating 

the detection of a bilingual advantage. Firstly, the task impurity problem, which in this 

context was most notably reflected in the verbal processing involved in tasks that are in 

principle considered non-verbal. In combination with other factors such as motor skills and 

perceptual abilities, this interferes with task performance and makes it difficult to ensure that 

we are actually testing what we intend on testing. Secondly, I have discussed the role of 

inhibition. In light of several theoretical points of view, I argued that it is likely that the 

importance of inhibition has been somewhat exaggerated, and I suggested instead increased 

focus on shifting, updating, and monitoring. Finally, I discussed the relevance of practice vs. 

automatization, and problematized domain specific bilingualism as a contributor to EF. I 

argued that the locus of attention should be on the language use patterns of bilinguals, because 

frequently changing languages within a context is more likely to affect EF than using separate 

languages for separate situations. For future research, it would thus be important to focus not 

only on linguistic capabilities and amount of L2 use, but also on the language switching 

patterns of the participants. It could be questioned, however, how this is best done in practice: 

while getting a participant’s estimate on their overall proportional language use can provide 

us with a fairly reliable proxy, using self-reporting in order to get an overview of language 

use patterns may provide less reliable data, as the increased level of detail would mean more 

room for error. 

A ceiling effect may explain the lack of significant findings and the small effect sizes, 

and thus, the results of this study do not necessarily negate the existence of a bilingual 

advantage. Furthermore, Bak (2016b) compared bilingualism studies to medical research, 
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where it has been found that small effects detected in lab settings can have big implications 

for patients in the real world. Bak stated that this might also be true for bilingualism, and that 

barely detectable differences in cognitive tests could have greater implications for the actual 

contribution of bilingualism to e.g. cognitive reserve and beneficial effects on cognition in the 

long run, for example in the context of slowing down cognitive decline. 

Under any circumstance, it is becoming increasingly clear that there is a vast number 

of factors that can influence the outcome of studies on the bilingual advantage. Bak (2016a) 

discusses the replication problems of bilingualism research by using an analogy of the boiling 

temperature of water: Because of reduced atmospheric pressure, the boiling point of water 

decreases when altitude increases. If one was conducting an experiment on the boiling point 

of water, and only performed experiments in e.g. London, Oslo, New York and Tokyo, one 

would conclude that water boils at 100C, and be very surprised when scientists in La Paz, or 

any other city of a higher altitude, reported that their findings show that water boils at 90C. 

This diverging result is not due to error, nor does it invalidate the other results: it is merely a 

consequence of measurement done in a different environment. Following this line of thought, 

the problems surrounding replication in bilingualism research do not necessarily negate the 

existence of an effect but may indicate that an effect isn’t found in every circumstance. 

Secondly, it serves as a reminder that “we will not get closer to the truth by repeating the 

same experiment in the same environment and counting the number of such replications: we 

have to compare results across different environments” (Bak, 2016a, p. 710). Thus, only by 

conducting further research, tweaking the circumstances and uncovering more about the 

factors which influence our results can we come closer to understanding the true cognitive 

impact of bilingualism. 
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Appendix A – Questionnaires 

 

1 
 

Spørreskjema: Språklig og sosial bakgrunn  
 
 
 
Referanse ID: _________________ (Ikke fyll ut) 
 
 
Dato: _____    __________ _______ 
 Dag Måned  År 
 

1. Kjønn:  □ Mann  □ Kvinne  □ Annet  
 

2. Fødselsdato: _____    __________ _______ 
                           Dag  Måned År 

 
3. Er du    □ høyrehendt     eller       □ venstrehendt? 

 
4. Er du fysisk aktiv? □ Ja □ Nei 

 Hvis ja, hvor mange timer i uken? ______ timer 
 

5. Spiller du noe instrument? □ Ja □ Nei 
 Hvis ja, hvor mange timer i uken? _______timer 

 
6. Spiller du dataspill? □ Ja □ Nei 

 Hvis ja, hvor mange timer i uken? _______timer 
 

7. Høyeste fullførte utdannelse: 
1. ______ grunnskole/folkeskole 
2. ______ realskole/framhaldsskole 
3. ______ gymnas/videregående skole 
4. ______ høyere utdannelse, lavere grad 
5. ______ høyere utdannelse, høyere grad  
6. ______ doktorgrad 
 
Totalt antall år med formell utdanning: _______________ 

 
 

8. Nåværende yrke/tidligere yrke (hvis du er pensjonist): 
___________________________ 

 
9. Hører du dårlig?  □ Ja  □ Nei 

Hvis ja, bruker du høreapparat? □ Ja  □ Nei 
Hvis ja, har du normal hørsel ved bruk av høreapparat? □ Ja  □ Nei  
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2 
 

10. Ser du dårlig?   □ Ja  □ Nei 
Hvis ja, bruker du briller eller kontaktlinser? □ Ja  □ Nei 
Hvis ja, har du normalt syn ved bruk av briller/kontaktlinser? □ Ja  □ Nei 
 

11. Er du fargeblind? □ Ja  □ Nei 
Hvis ja, hva slags type? _____________________ 

 
12. Har du vansker med å forstå tall, regne og lære matematikk? □ Ja □ Nei 
13. Har du lese-/skrivevansker?  □ Ja  □ Nei 

 
14. Har du noen gang hatt en hodeskade? □ Ja  □ Nei 

Hvis ja, hva slags? ____________________ 
 

15. Har du noen kjente nevrologiske skader? (f.eks. epilepsi, MS) □ Ja □ Nei 
Hvis ja, hva slags? ____________________ 
 

16. Tar du for tiden noen medisiner for å behandle psykiske lidelser? □ Ja □ Nei 
Hvis ja, hva slags? ____________________ 
 

17. Hvilke(t) språk snakket faren din? 
 Førstespråk (morsmål) (du kan oppgi flere): _________________________________ 
 Andrespråk/fremmedspråk (du kan oppgi flere): _____________________________ 
 

18. Hvilke(t) språk snakket moren din? 
 Førstespråk (morsmål) (du kan oppgi flere): _________________________________ 
 Andrespråk/fremmedspråk (du kan oppgi flere): _____________________________ 
 

19. Er du født i Norge?  □ Ja □ Nei 
Hvis nei, hvor er du født? __________________ 
Hvis nei, når flyttet du til Norge? _____________ 

 
20. Har du noen gang bodd på et sted der norsk ikke er det dominerende språket?  

    □ Ja   □ Nei 
               Hvis ja, hvor og hvor lenge? 

1.   _____________fra____/___ til____/____ 
1. _____________fra____/___ til____/____ 
2. _____________fra____/___ til____/____ 
3. _____________fra____/___ til____/____ 
4. _____________fra____/___ til____/____ 

         måned/år    måned/år 
 

 
21. Før opp alle språk og dialekter du kan (inkludert norsk). Ranger dem fra det/den 

beste til det/den dårligste i tabellen nedenfor.  
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Språk/dialekt Hvor lærte du 
språket/ 
dialekten?  

Fra hvilken alder 
lærte du det/den? 
(Hvis lært fra 
fødselen, skriv "0 
år") 

Har det vært 
perioder i livet 
hvor du ikke har 
brukt det/den? 
Oppgi varighet i 
måneder/år. 

1. ___________ Hjemme 
På skolen 
På jobb 
Blant venner 
Annet: _________ 

  

2. ___________ Hjemme 
På skolen 
På jobb 
Blant venner 
Annet: _________ 

  

3. ___________ Hjemme 
På skolen 
På jobb 
Blant venner 
Annet: _________ 

  

4. ___________ Hjemme 
På skolen 
På jobb 
Blant venner 
Annet: _________ 

  

5. ___________ Hjemme 
På skolen 
På jobb 
Blant venner 
Annet: _________ 

  

6. ___________ Hjemme 
På skolen 
På jobb 
Blant venner 
Annet: _________ 

  

7. ___________ Hjemme 
På skolen 
På jobb 
Blant venner 
Annet: _________ 
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22. Ranger ferdighetene dine i norsk, på en skala fra 0–10 for følgende aktiviteter:  

  

        Lav kompetanse         Høy kompetanse   
 

 0 1 2 3 4 5 6 7 8 9 10 
Snakke             
Forstå            
Lese            
Skrive            

  

 
23. I forhold til en morsmålstaler, ranger ferdighetene dine i de fremmedspråkene du 

kan, på en skala fra 0–10 for følgende aktiviteter: 
 
23.1. Fremmedspråk 1: ________________ 

  

       Lav kompetanse      Høy kompetanse   
 

 0 1 2 3 4 5 6 7 8 9 10 
Snakke             
Forstå            
Lese            
Skrive            

 
 
23.2. Fremmedspråk 2: ________________ 

  

       Lav kompetanse      Høy kompetanse   
 

 0 1 2 3 4 5 6 7 8 9 10 
Snakke             
Forstå            
Lese            
Skrive            

 
 
23.3. Fremmedspråk 3: ________________ 

  

       Lav kompetanse      Høy kompetanse   
 

 0 1 2 3 4 5 6 7 8 9 10 
Snakke             
Forstå            
Lese            
Skrive            
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23.4. Fremmedspråk 4: ________________ 
  

       Lav kompetanse      Høy kompetanse   
 

 0 1 2 3 4 5 6 7 8 9 10 
Snakke             
Forstå            
Lese            
Skrive            

 
 

23.5. Fremmedspråk 5: ________________ 
  

       Lav kompetanse      Høy kompetanse   
 

 0 1 2 3 4 5 6 7 8 9 10 
Snakke             
Forstå            
Lese            
Skrive            

 
 

24. Hvor mye av tiden du brukte på hver av de følgende aktivitetene i løpet av det siste 
året, ble brukt på norsk? 
I hver kategori (f.eks. «snakke») bør alle språkene sammenlagt komme opp til 100 %.  
For eksempel kan en person snakke 50 % av tiden på norsk, 30 % av tiden på engelsk 
og 20 % av tiden på russisk – dette skal merkes av i skjemaene. 
 

                            Aldri norsk                                                 Alltid norsk  
 

 0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 % 
Snakke             
Forstå            
Lese            
Skrive            

 
24.1. Hvor mye av tiden du brukte på hver av de følgende aktivitetene i løpet av det 

    siste året, ble brukt på fremmedspråk 1? Språk: _______________ 
  

                             Aldri dette språket                                                 Alltid dette språket 
 

 0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 % 
Snakke             
Forstå            
Lese            
Skrive            
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24.2. Hvor mye av tiden du brukte på hver av de følgende aktivitetene i løpet av det 
    siste året, ble brukt på fremmedspråk 2? Språk: _______________ 

 
 

                             Aldri dette språket                                                 Alltid dette språket 
 

 0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 % 
Snakke             
Forstå            
Lese            
Skrive            

 
24.3. Hvor mye av tiden du brukte på hver av de følgende aktivitetene i løpet av det 

    siste året, ble brukt på fremmedspråk 3? Språk: _______________ 
                             
                   Aldri dette språket                                                 Alltid dette språket 
 

 0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 % 
Snakke             
Forstå            
Lese            
Skrive            

  
  

24.4. Hvor mye av tiden du brukte på hver av de følgende aktivitetene i løpet av det 
    siste året, ble brukt på fremmedspråk 4? Språk: _______________ 

  

                   Aldri dette språket                                                 Alltid dette språket 
 

 0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 % 
Snakke             
Forstå            
Lese            
Skrive            

 
  

24.5. Hvor mye av tiden du brukte på hver av de følgende aktivitetene i løpet av det 
    siste året, ble brukt på fremmedspråk 5? Språk: _______________ 

                    
                    Aldri dette språket                                                 Alltid dette språket 
 

 0 % 10 % 20 % 30 % 40 % 50 % 60 % 70 % 80 % 90 % 100 % 
Snakke             
Forstå            
Lese            
Skrive            
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25. Hvor ofte snakker/skriver du norsk: 
1. Daglig (minst fem ganger i uka) 
2. Ukentlig  
3. Månedlig  
4. Sjeldnere enn en gang i måneden  

 
Hvor ofte snakker/skriver du fremmedspråk 1: ______________  
1. Daglig (minst fem ganger i uka) 
2. Ukentlig 
3. Månedlig  
4. Sjeldnere enn en gang i måneden  
 
Hvor ofte snakker/skriver du fremmedspråk 2: ______________ 
1. Daglig (minst fem ganger i uka) 
2. Ukentlig 
3. Månedlig 
4. Sjeldnere enn en gang i måneden  

 
Hvor ofte snakker/skriver du fremmedspråk 3: ______________ 
1. Daglig (minst fem ganger i uka) 
2. Ukentlig 
3. Månedlig  
4. Sjeldnere enn en gang i måneden  

 
Hvor ofte snakker/skriver du fremmedspråk 4: ______________ 
1. Daglig (minst fem ganger i uka) 
2. Ukentlig 
3. Månedlig  
4. Sjeldnere enn en gang i måneden  
 
Hvor ofte snakker/skriver du fremmedspråk 5: ______________ 
1. Daglig (minst fem ganger i uka) 
2. Ukentlig 
3. Månedlig 
4. Sjeldnere enn en gang i måneden  

 
26. Noen bytter mellom språkene de kan innenfor en og samme samtale (dvs. mens du 

snakker på ett språk, bruker du setninger eller ord fra et annet språk). Dette er kjent 
som kodeveksling. Vennligst oppgi hvor ofte du bruker kodeveksling. Hvis du ikke 
kan andre språk enn norsk, sett et kryss under «0» i hver linje (f.eks. «med familie»).  

 
      Aldri kodeveksling    Alltid kodeveksling 

 0 1 2 3 4 5 6 7 8 9 10 
Med familie             
Med venner            
Med kollegaer/på jobb            
På sosiale medier            
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Spørreskjema del 2 – helse, mat og fritid 

 

Referanse-ID __________ (ikke fyll ut) 

 

Dato: _________________ 

 (dag, måned, år) 

 

1. Trener du? 
¨ Ja      o Nei 

 
2. Hvis ja, hva trener du, og ca hvor mange timer i uken? 

¨ Yoga, _______ timer 

¨ Kondisjonstrening, _______ timer 

¨ Styrketrening, ________ timer 

¨ Kampsport, _______ timer 

¨ Aerobic/dans o.l., ________ timer 

¨ Annet: __________________________, ______ timer 

 
3. Omtrent hvor mange timer sover du i gjennomsnitt hver natt?  

 

     under                 over 
4 timer  4    4,5     5    5,5    6    6,5     7    7,5    8    8,5     9    9 timer 
 
 
 
 

4. Føler du at du sover nok?  
¨ Ja        o Nei  

 
5. Føler du at du sover godt? 

¨ Ja            o Nei 
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6. Går du på medisiner mot noen av følgende sykdommer? 
 

¨ Høyt blodtrykk 
¨ Diabetes 
¨ Ønsker ikke å svare 

 
7. Hvor introvert/ekstrovert vil du si at du er?  

Introvert                                                  Ekstrovert 

      1   2        3    4        5    6        7 

 

8. Spiller du dataspill?  
¨ Ja      o Nei 

 
9. Hvis ja, hva slags spill, og ca hvor mange timer i uken? 

¨ Hjernetrim, ________ timer 

¨ Simuleringsspill (SimCity, Civilization o.l.), _______ timer 

¨ Actionspill, ______ timer 

¨ Annet: _____________________________, _______ timer 

 

(Spørreskjemaet fortsetter på neste side)  
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10. Hvor ofte spiser du følgende matprodukter? 

 

 

 

 

 
 

 

Fullkornsprodukter  
¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 

 

Frukt 
¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 

 

Grønnsaker 
¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 

 

Belgfrukter 
¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 

 

Fisk 
¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 

 

Olivenolje 
¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 

 
Poteter 

¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 

 

Kjøtt og fjærkre 
¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 

 

Meieriprodukter med 
høyt fettinnhold 
(rømme, fløte o.l.) 

¨ Daglig 
¨ Ukentlig 
¨ Månedlig 
¨ Sjeldnere 
¨ Aldri 
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Appendix B – Information and consent form 

 

 

1 

    

Forespørsel om deltakelse i forskningsprosjektet: Kognitive og språklige ferdigheter hos 
flerspråklige med norsk som morsmål 
 
Bakgrunn og formål 
Dette forskningsprosjektet vil undersøke kognisjon og språk hos nevrologisk friske flerspråklige 
personer med norsk som morsmål. Hvor mange andre språk deltakerne kan, i tillegg til norsk, og hvor 
ofte språkene brukes, vil variere. Målet med prosjektet er å undersøke om det å snakke to eller flere 
språk har en gunstig effekt på kognitive og språklige ferdigheter. Prosjektet ledes av Valantis Fyndanis, 
postdoktor ved MultiLing, Institutt for lingvistiske og nordiske studier, Universitetet i Oslo. 
 
Du har blitt bedt om å delta fordi vi ønsker å undersøke personer som er oppvokst i Norge med norsk 
som morsmål og med høy sosioøkonomisk status. 
 
Hva innebærer det å delta i prosjektet? 
Du vil få et spørreskjema og noen enkle oppgaver. Spørreskjemaet kartlegger bakgrunnsinformasjon 
som antall år med formell utdannelse, alder og hvilke språk du snakker. Oppgavene måler kognitive og 
språklige ferdigheter, f.eks. evnen til å huske tall for en kort periode, eller evnen til å fullføre norske 
setninger ved å gi riktig form av et verb. Noen oppgaver besvares muntlig og andre skriftlig. Det vil ta 
deg under to timer å fylle ut spørreskjemaet og å gjøre oppgavene. 
 
Hva vil skje med informasjonen om deg? 
Alle personlige data blir behandlet konfidensielt. Vi gir hver testperson et referansenummer. Listen 
over hvilket navn som er knyttet til hvilket referansenummer, vil bli lagret separat. All informasjon om 
deg vil også bli anonymisert i alle presentasjoner og publikasjoner av studien. Det vil bli tatt lydopptak 
av det du sier, i tillegg til at det vil bli skrevet ned. Bare forskerne som arbeider med denne studien og 
masterstudentene til prosjektlederen vil ha tilgang til de indirekte identifiserbare dataene. 
Masterstudentene kan dessuten være involvert i datainnsamlingen og bruke de innsamlede og 
indirekte identifiserbare dataene til samme formål som i hovedprosjektet. Alle identifiserende person-
opplysninger (dvs. navn og lydfiler) vil bli trygt lagret på en server ved Universitetet i Oslo, og tilgangen 
til dem vil være beskyttet med passord. Hvis spørreskjemaet viser oss at du ikke oppfyller alle kravene 
til å delta i prosjektet, vil du ikke bli inkludert i resten av undersøkelsen, og all informasjon om deg vil 
bli slettet omgående.  
 
Datainnsamlingen er ventet å være ferdig innen august 2018. Alle personlige data vil bli ugjenkallelig 
anonymisert innen 31. desember 2022, det vil si etter at de vitenskapelige resultatene av 
undersøkelsen er publisert. Listen over hvilket navn som er knyttet til hvilket referansenummer, vil da 
bli slettet. 
 
Frivillig deltakelse  
Det er frivillig å delta i dette prosjektet, og du kan når som helst velge å trekke tilbake ditt samtykke 
uten å oppgi noen som helst grunn. Hvis du velger å trekke deg, vil alle dine personlige data bli slettet. 
Hvis du ønsker å delta, eller hvis du har spørsmål om prosjektet, ta kontakt med Valantis Fyndanis på 
tlf. 465 78 522 (e-post: valantis.fyndanis@iln.uio.no).   
 
Studien er meldt til Personvernombudet for forskning, NSD - Norsk senter for forskningsdata.  
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2 

    

Samtykke til deltakelse i studien 
 
 
Jeg har mottatt informasjon om prosjektet, og jeg er villig til å delta 
 
 
---------------------------------------------------------------------------------------------------------------- 

(Blokkbokstaver) 
 
 
---------------------------------------------------------------------------------------------------------------- 
 
(Signert av deltaker, dato) 

 

 

Jeg kan bli kontaktet senere for en eventuell oppfølgingsstudie 
 
 
---------------------------------------------------------------------------------------------------------------- 
 
(Signert av deltaker, dato) 

 

Kontaktinformasjon (telefonnummer, e-postadresse): 
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Appendix C – Histograms and plots 
1. Histograms for all variables 
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2. Scatterplots for EF measures and L2 proficiency score 
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3. Scatterplots for EF measures and L2 use score 
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Appendix D – Overview of procedure 
 

What How Why 

Questionnaire part 1 
Pen and paper. Filled out 
by participant or 
administrator. 

Mapping demographic 
and language background. 

ACE-R 

Participant answered 
questions asked by the 
administrator, who wrote 
down the results using pen 
and paper. Some sections 
were timed. 

Screening for cognitive 
impairment. 

Verbal Stroop Administered using three 
sheets of paper. Timed.  

Measure of inhibition, 
verbal task. 

TMT Administered using pen 
and paper. Timed. Measure of shifting. 

Plus-Minus Administered using pen 
and paper. Timed. Measure of shifting. 

Flanker 

Computerized test 
programmed for e-prime. 
Participant responded by 
pressing buttons. 
Recorded RTs. 

Measures of inhibition 
(non-verbal) and 
monitoring. 

Raven’s progressive 
matrices 

Computerized test. 
Participant responded by 
clicking with computer 
mouse. No time 
constraints. 

Measure of fluid, non-
verbal intelligence. 

Visual Stroop 
Participant sorted cards 
handed to him/her by 
administrator. Timed. 

Measure of inhibition, 
non-verbal. 

Questionnaire part 2 

Answered using 
nettskjema.uio.no. Link 
was sent to participants 
after their participation. 
Some filled it out at the 
end of last session. 

Further mapping of 
health-related issues and 
possible cognitively 
enhancing activities. 

 


