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Abstract 

The experience of learning two languages has been associated with higher performance on 

non-linguistic cognitive tasks. However, a recent surge in mixed findings has cast doubt on 

the bilingual advantage for aspects such as executive functions. The current study aimed to 

explore the relationship between bilingualism and executive functions for children aged 7-9 

years. The data from a large-scale longitudinal cohort study were analysed. The sample 

comprised a total of 4185 children (142 bilinguals). Executive functions were assessed with 

respect to inhibitory control (deliberate control of dominant response in favour of less 

dominant response), shifting (switching between mental sets or tasks), and updating (ability 

to continuously monitor and update information in working memory) using tasks from the 

National Institute of Health Toolbox (Cognitive Battery). Multiple linear regression models 

were employed to examine differences between monolingual and bilingual children. 

Children’s age, socioeconomic status and English receptive vocabulary scores were added to 

the models as covariates. On average, bilinguals had lower English receptive vocabulary 

scores than monolinguals. Nevertheless, the findings revealed a small bilingual effect 

favouring bilinguals in the inhibitory control after controlling for covariates. For shifting and 

updating skills, bilinguals and monolinguals performed equally well. Although the cohort 

was of a similar age, children’s age also predicted their performance, but only in updating 

skills. The regression models revealed no interaction between socioeconomic status and 

language group. Overall, the results indicated a modest bilingual advantage in inhibitory 

control and equal performance in shifting and updating, despite lower average socioeconomic 

status and English vocabulary scores. The findings have implications for the sociolinguistic 

context of Aotearoa New Zealand in which bilingual children acquire their two languages. 

The results of the study highlight the need for more opportunities for our bilingual children to 
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speak their two languages so that they can benefit from their bilingual skills in non-linguistic 

cognitive outcomes.    
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Chapter 1: Introduction 

Life experiences are believed to change our brain structures, impacting our cognitive 

functions (Khodos et al., 2021). Out of many activities in which we engage, such as sports or 

music, learning two languages is regarded as one of the most intensive and enriching 

experiences that has the potential to affect our cognitive capabilities (Bialystok, 2017). 

Bilingualism has long been an area of interest for researchers exploring the effects of 

managing two languages on an individual’s linguistic, cognitive, and psychological 

development. Young bilinguals (BLs) are a particularly fascinating group in this regard as 

they acquire two languages alongside other cognitive enhancements taking place in the early 

years of their lives (Gonzalez, 2017). 

Bilingualism research has moved beyond earlier deficit notions after evidence of BL 

children’s higher performance on intelligence tests compared to age-matched monolinguals 

(MLs) (Peal & Lambert, 1962). BLs have been observed to outperform MLs in non-linguistic 

cognitive measures commonly referred to as Executive Functions (EFs) that require ignoring 

a distracting cue, shifting between different sets of rules within a task, or recalling the 

information while attempting to complete a task (Bialystok et al., 2009). These abilities are 

thought to be similar to a BL’s experience with managing two languages (Luk et al., 2012). It 

is theorised that the two languages are always active in BLs’ brains; they select the correct 

language, inhibit the non-target language, direct their attention, and monitor for contextual 

cues while still engaged in a conversation (Bialystok, 2017). Enhanced performance in 

inhibition, shifting and updating EFs have been reported for BLs when the tasks resemble 

their everyday experience with two languages. However, identifying associations between 

bilingualism and EFs is an active area of research with mixed findings. While empirical 

research is abundant in support of a bilingual effect in different EFs (Blom et al., 2017; Calvo 

& Bialystok, 2014; Crespo et al., 2019; Park et al., 2018; Poarch & Bialystok, 2015), there is 
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also a recent surge of studies finding no significant differences between the two language 

groups (Arizmendi et al., 2018; Cockcroft, 2016; Dick et al., 2019; Duñabeitia et al., 2014; 

Ladas et al., 2015). Due to discrepant findings, Leivada et al. (2021) suggested moving away 

from the term ‘bilingual advantage’ because the absence or presence of the advantage could 

depend on researchers’ perceptions and inferences. The authors argued against using such 

‘reductionist’ terms (p. 200) for complex phenomena such as bilingualism. Using terms such 

as bilingual advantage may risk oversimplifying a nuanced experience. According to the 

authors, the absence of a bilingual advantage could also be misinterpreted and mislead 

research efforts in an undesired direction. Instead, a more objective term, ‘bilingual effect’, is 

recommended that allows for a balanced understanding of how bilingualism influences 

cognitive mechanisms (Leivada et al., 2021). Henceforth, the term bilingual effect will be 

used. 

Researchers have proposed several potential explanations for the differential results 

across studies. Factors such as participants’ characteristics (age, socioeconomic status (SES), 

and general intelligence) have been found to affect BLs’ performance in EFs (Morton & 

Harper, 2007; Park et al., 2018). Moreover, the sociolinguistic context of bilingualism has 

also been noted to influence performance (Arizmendi et al., 2018; Blom et al., 2017; Green & 

Abutalebi, 2013). For example, bilingual effects are most evident in a dual language context 

(Khodos et al., 2021) compared to a single language or dense code-switching context. Other 

factors, such as the age of exposure, including the age when BLs begin speaking their two 

languages, language proficiency, and regular use of both languages, have been observed to 

contribute to BLs’ performance in non-linguistic cognitive tasks (Bosma et al., 2017; 

Hartanto et al., 2019; Kalashnikova & Mattock, 2014; Kapa & Colombo, 2013). Finally, as 

with all research areas, methodological issues also impact how the bilingual effect is 

manifested in the different groups. Issues surrounding defining bilingualism and who is BL, 
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the impact of the small sample sizes in studies reporting the bilingual effect and the selection 

and administration of the measures of EFs have exacerbated the challenges of researching a 

heterogenous BL population (Luk & Bialystok, 2013; Paap et al., 2015; Valian, 2015). These 

discrepant findings warrant further research into the context, conditions, and factors 

impacting BLs’ performance in EFs. 

The current study is conducted in Aotearoa New Zealand, which is increasingly 

becoming multicultural and multilingual (Turnbull, 2018). Recent census data (Statistics New 

Zealand, 2018) revealed the top five languages spoken are English, Te Reo Māori 

(indigenous Māori language), Samoan, Hindi, and Northern Chinese (including Mandarin). 

The number of people speaking Te Reo Māori (one of the two official languages of Aotearoa 

New Zealand) and Northern Chinese has increased from 3.7% to 4% and 1.3 to 2% 

respectively, compared to the 2013 census data. More people can now speak a different 

language in addition to English which is the dominant language in Aotearoa New Zealand. 

While bilingualism research has been undertaken in Aotearoa New Zealand, the relationship 

between bilingualism and EFs remains under-researched. Studies exploring the effects of 

bilingualism on EFs have been conducted with adult samples (Mendes, 2015; Waldie et al., 

2021). The current study explores this association in middle childhood, an age that has not 

yet been explored in Aotearoa New Zealand. Middle childhood is also an interesting period 

because cognitive developments, including EFs, are taking place at an accelerated pace. For 

BL children, this growth is even more complex as they acquire their two languages alongside 

other cognitive enhancements (Gonzalez, 2017). 

Data have been derived from an ongoing large-scale longitudinal study, Growing Up 

in New Zealand (GUiNZ), which follows a cohort of children from before their birth (via 

their mothers when they were pregnant) through to adulthood. The study tracks their 

development in education, family and whānau (extended family), societal context, health and 
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well-being, psychological and cognitive domains (Morton et al., 2010). The current study 

employs quantitative research methods to understand the relationship between bilingualism 

and three core EFs (inhibition, shifting, and updating) for children growing up in Aotearoa 

New Zealand. The mediating effect of SES and demographic factors will also be investigated. 

This thesis is divided into five chapters. Literature around bilingualism and EFs is 

presented in Chapter 2, focusing on primary/elementary school-aged children. The 

methodology and research design are presented in Chapter 3. Chapter 4 reports the findings 

from multiple linear regression analysis conducted for the three cognitive outcomes of 

interest (inhibition, shifting, and updating). The last chapter, Chapter 5, discusses the results 

by linking the findings with the relevant literature and the study context. 
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Chapter 2: Literature Review 

This chapter reviews the literature on bilingualism and its proposed effect on non-

linguistic cognitive development. The first part presents an overview of bilingualism research 

followed by the theoretical underpinnings for a bilingual effect in non-linguistic cognitive 

domains. Next, the EFs are discussed in detail with empirical findings for the three key EFs 

(inhibition, shifting and updating), which will be evaluated to understand if and how these 

EFs are impacted by bilingualism. This review primarily focuses on the outcomes for 

primary/elementary school-aged children (6-10 years) as it closely matches the current 

study’s sample characteristics (7.9- 9.75 years). The last section discusses the factors that 

affect the association between bilingualism and EFs and concludes with an overview of the 

current study in the Aotearoa New Zealand context. 

Overview of Bilingualism 

Speaking more than one language can be an advantage, especially in terms of access 

to a broader set of information as well as for effective communication in the globalised 

society that we live in today (Gunnerud et al., 2020), and can lead to better job prospects. 

Moreover, BL children tend to have stronger connections with their culture through language 

(Gunnerud et al., 2020; Si`ilata, 2005; Zelasko & Antunez, 2000). Whether the advantages of 

bilingualism extend beyond enriched social and cultural experiences is subject to ongoing 

debate. 

Bilingualism has been an area of research for several decades, if not centuries. Its 

effects have been studied in various developmental and psychological domains from clinical 

to educational research with different population groups and age differences (Barac et al., 

2014; Kovács & Mehler, 2009; Marian & Spivey, 2003; Proctor et al., 2012). With a growing 

number of children now able to speak more than one language globally, it is natural to have 
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an interest in understanding how bilingualism affects their development. Historically, 

bilingualism was often stereotyped as a harmful experience, as managing two language 

systems was considered challenging and could negatively affect BLs’ intellectual growth 

(Barac et al., 2014). The deficit notion of bilingualism was challenged after a foundational 

study by Peal and Lambert (1962). They employed several verbal and non-verbal intelligence 

tests with 10-year-old ML and BL children in Canada. After accounting for factors such as 

SES, age, degree, and length of bilingual experience, BLs outperformed their ML peers on 

two non-verbal intelligence measures and a verbal intelligence test. In contrast, ML children 

performed less well on all the subsets. Further analysis revealed that BL participants scored 

higher on the tasks requiring graphical manipulation and regrouping but not on tasks 

demanding spatial-perceptual ability. The authors asserted that enhanced "symbolic 

flexibility" and "concept formation" (Peal & Lambert, 1962, p.14) in BL children may have 

contributed to the differences in the scores between the groups. They proposed that the BLs’ 

ability to switch between two languages and learn two names or representations for each 

object may have supported the development of more abstract thinking and superior cognitive 

capabilities. 

Despite some key limitations in the study conducted by Peal and Lambert (1962) 

(groups unequal in SES, use of intelligence tests), this foundational study was the beginning 

of the possibility that bilingualism may be beneficial for certain cognitive outcomes 

(Bialystok & Craik, 2010). While studies reported a positive association of bilingualism with 

metalinguistic awareness (Proctor et al., 2012), theory of mind (Diaz & Farrar, 2018) and EFs 

(Calvo & Bialystok, 2014), research also noted that BL performed lower on verbal tasks and 

had a smaller vocabulary in each language as compared to their ML peers (Bailey et al., 

2020; Bialystok et al., 2010; Michael & Gollan, 2005). It is suggested that these differences 
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in verbal fluency should be viewed as a characteristic of being BL rather than a disadvantage 

(Bialystok et al., 2010). 

Bilingualism and Executive Functions-Theoretical Underpinnings 

The next section presents current theories linking bilingualism with EFs. First, the 

literature on the possible bilingual effect is discussed with advancements in the theoretical 

models developed over time. Next, research on EFs is presented, including the development 

of EFs in childhood, its effects on the academic achievement of young children and the 

structure of EFs. 

Mechanisms for Bilingual Effect in Cognitive Domains 

It is theorised that in BL speakers’ brains, two languages are always active, and there 

is constant competition for the selection between the languages (Bialystok et al., 2012). The 

speakers choose the language based on their current scenario, thus suppressing the other 

language. This model is termed ‘joint activation’ where BLs control the attention in language 

processing to diminish the interference from the non-target language. It is believed that the 

mechanism of control and selection is unique to BLs as it puts greater demands on their 

brains, whereas such competition is not encountered by MLs’ brains (Bialystok, 2017). 

Evidence for the joint activation of languages also emerged from neuroimaging studies where 

non-target language components were active in BL participants’ brains when the other 

language was used (Bialystok, 2017). For example, it was observed that BLs made initial eye 

movements for cross-language distracters even when the non-target language was irrelevant 

to the task (Marian & Spivey, 2003). Luk et al. (2012) conducted a quantitative meta-analysis 

of studies investigating brain regions’ activation processes during language switching tasks. 

They noted that the same areas of the brain are activated during language switching, which 

also operate during attention control and EFs’ tasks. Their study provided evidence that joint 
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activation and language selection operate under domain-general mechanisms, and their 

effects are translated to other cognitive domains when tasks resemble the language switching 

activity in BLs (Bialystok et al., 2009; Bialystok, 2017). 

Green (1998) coined the idea of bilingual inhibitory control advantage which refers to 

the language selection mechanism. According to Green, the selection process of languages 

triggers an inhibition process in BLs’ brains to control the interference of non-target language 

with the target language so that the interaction can occur effortlessly. It is hypothesised that 

nonverbal tasks imitating the language selection mechanism would result in higher BL 

performance than ML on tasks requiring inhibitory control (Bialystok, 2017). Studies 

reported a bilingual effect in inhibition tasks in a non-linguistic domain where participants 

needed to ignore the irrelevant information and suppress a response to focus on the current 

task or rule. This process was similar to the inhibition mechanism requiring participants to 

restrain the non-target language to participate in the present interaction (Bialystok, 2017; 

Giovannoli et al., 2020). 

However, some recent findings have cast doubt on inhibition as a single explanation 

of a bilingual effect in the non-linguistic cognitive domain. Based on recent empirical 

research, Bialystok (2017) presented three key arguments in this regard. First, research with 

BL infants who have not yet developed verbal competency in any language indicated superior 

performance on nonverbal tasks that demand cognitive flexibility in visual attention. For 

example, Kovács and Mehler (2009) found in their eye-tracking study with 7-month-old 

infants that BLs were more likely to be able to successfully redirect their attention from the 

first location to the second when the reward was shifted on the screen. In contrast, the MLs 

on average continued to respond to the cue on one side of the screen even when the prompt 

was moved to the other side. The authors concluded that learning two languages enabled 

BLs’ brains to process representations from two languages, leading to a more domain-general 
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advancement of the cognitive control system even before BL children developed verbal 

capabilities. It is argued that if the differences in the participants’ performance are related to 

bilingualism, then BL infants’ enhanced performance cannot be associated with inhibition of 

any language as they are not verbal in either language that would require any form of 

inhibition to occur (Bialystok, 2017). The second argument against inhibition posited that the 

studies with young children who have gained verbal proficiency reported contradictory 

performance on two types of inhibition tasks (Bialystok, 2017). No significant bilingual 

effect was reported on response inhibition tasks where children constrain the dominant 

response for a less prevalent response, such as saying day when the night picture is shown 

(Martin-Rhee & Bialystok, 2008), but higher scores were observed on interference 

suppression tasks such as attending to the colour and ignoring the location of the object on 

the screen (Esposito et al., 2013). If a bilingual effect is impacted by the inhibition 

mechanism, then BLs’ performance on both types of inhibition tasks should be similar 

(Bialystok, 2017). A final piece of evidence comes from the equal performance by BLs on 

both congruent and incongruent trials during inhibition tasks (Hilchey & Klein, 2011). This 

finding goes against the inhibition hypothesis that posits that the bilingual effect is evident in 

incongruent trials needing efficient conflict control compared to congruent trials. Based on 

the arguments mentioned above, inhibition had become an unlikely candidate for the sole 

explanation for the bilingual effect in non-linguistic cognitive mechanisms (Bialystok, 2017). 

Bilingual Effects in Executive Control/Processing 

The discrepancies in the bilingual inhibitory control advantage model led to the 

alternative hypothesis of bilingual executive processing advantage (Hilchey & Klein, 2011). 

It is based on the premise that EFs are a part of a domain-general mechanism that makes it 

possible to observe its effects on other EFs, not just inhibition. According to the bilingual 

executive processing advantage theory, BLs not only select the correct language to engage in 
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the current conversation but also monitor environmental cues for conflicting information and 

verbal prompts. This conflict monitoring competency is evident in their enhanced 

performance on congruent, incongruent, and neutral trials with more accuracy and less cost 

(reaction time) than their ML counterparts (Gunnerud et al., 2020; Zeng et al., 2019). 

Green and Abutalebi (2013) also expanded their bilingual inhibitory control 

advantage model and put forward the adaptive control hypothesis. The interactional context 

of a BL speaker has a central position in this model. The authors proposed that the 

performance of BLs on the control mechanisms will depend on their current interactional 

context and how control processes adapt to the demands of different conversational contexts. 

In this hypothesis, eight control processes (goal maintenance, salient cue detection, task 

disengagement, opportunistic planning, conflict monitoring and task engagement, selective 

response inhibition and interference suppression) are affected by three interactional contexts 

(single language, dual language, and dense code-switching). It is argued that the dual 

language context is the most demanding for language control as speakers use both their 

languages in a single interaction, for example, the use of both English and Spanish at work, 

though with different speakers. Dual language context activates other control processes such 

as interference suppression, conflict monitoring and selective response inhibition (Green & 

Abutalebi, 2013). The language control demands are high in a single language context too, 

where speakers use only one of their languages in a single interaction, such as English at 

work and their native language at home. This type of context demands inhibitory control of 

the non-target language. In comparison, the cognitive controls are least taxing in a dense 

code-switching context where speakers habitually use the two languages within the same 

sentence (Khodos et al., 2021). 

The adaptive control hypothesis can also be extended to performance on non-

linguistic cognitive tasks. One of the key postulates of the model is that BLs will show 
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enhanced adaptation when the non-verbal tasks of EFs imitate similar challenges of a specific 

context. Few studies have reported advantages for BLs from the dual language context on the 

measures of selective attention (Blom et al., 2017) and non-linguistic switching task (Crespo 

et al., 2019). Bialystok (2017) argued that the new model is more robust and has the potential 

to explain some of the questions that puzzle researchers in understanding the relationship 

between bilingualism and EFs. However, the adaptive control hypothesis needs more 

empirical studies to assess the model’s efficacy. 

Valian (2015) asserted that the bilingual effects might not be best explained through a 

single theory. A combination of multiple underlying mechanisms, including inhibition and 

conflict control, may produce an enhanced performance for BLs on cognitive control tasks. 

However, as Bialystok et al. (2012) argued, the bilingual experience changes brain function, 

and a bilingual effect is typically evident when BLs are presented with cognitive tasks that 

mirror their everyday experience with the two languages. 

Executive Functions 

Valian (2015) describes EFs as “[processes] that manage, integrate, regulate, 

coordinate or supervise other cognitive processes, such as attention and visual perception” 

(p.5). EFs is an overarching term for the fundamental elements of self-control, also known as 

“willpower” (Mischel et al., 2011, p. 252), which affects our thoughts, emotions, and 

performance on a goal (Best & Miller, 2010; Hughes et al., 2009; Miyake & Friedman, 

2012). Different cognitive abilities are included in EFs, such as planning, goal-directedness, 

creativity, inhibition, working memory, cognitive flexibility and problem-solving (Gunnerud 

et al., 2020). However, there seems to be consensus on the three key EFs: inhibition, 

cognitive flexibility and working memory (Valian, 2015). EFs are known to be shaped by 

environmental influences based on neuroplasticity, which is described as the brain’s ability to 

modify through processing information and experiences throughout life (Bialystok, 2017; 
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Gunnerud et al., 2020). Activities such as extensive engagement in physically active video 

games have been observed to strengthen EFs in 6–10-year-olds (Best, 2012). Similarly, music 

training boosted EFs for preschool children (Moreno et al., 2011). Valin (2015) argued that 

EFs are influenced by many life experiences; however, Bialystok (2017) advocated in favour 

of bilingualism as a particularly intense experience in shaping the brain structure that affects 

EFs. According to Bialystok (2017), learning and speaking a second language is the most 

extensive and powerful experience; thus, it has a higher likelihood of affecting our cognitive 

development, especially EFs. 

EFs have been linked to various aspects of children’s academic achievement and 

behavioural development. For example, complex mathematical abilities have been associated 

with working memory (Purpura & Ganley, 2014) and inhibitory control (Allan et al., 2014). 

A meta-analysis by Yeniad et al. (2013) noted that children with better switching abilities 

(between rules or conceptual representations) had higher scores in reading and mathematics. 

Moreover, a recent study (Caporaso et al., 2019) found a strong association between the 

development of EFs and pre-schoolers social competence. Participants with better EFs 

selected more competent responses to peer conflict situations as opposed to more aggressive 

ones. Working memory was the most linked EF that impacted children’s performance in 

choosing the positive response, with performance improving with age. 

EFs are believed to develop with age and are impacted by the maturation of the basal 

ganglia, prefrontal, anterior cingulate, and parietal cortices (Weintraub et al., 2013). They 

surface during infancy and rapidly develop in the early years; more gradual changes occur 

during adolescence that continue into early adulthood (Carlson & Meltzoff, 2008). For 

example, inhibitory control is believed to develop in early childhood and improve between 3-

7 years (Ikeda et al., 2014; Montgomery & Koeltzow, 2010), while cognitive flexibility 

strengthens between 4-5 years and further refines between 5-7 years (Smidts et al., 2004). In 
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a study during which children were asked to sort a set of toys according to three 

classifications, 7-year-olds could shift between two sets of rules but struggled to switch 

among three rules suggesting that conceptual reasoning and flexibility continue to improve 

beyond age 7 (Smidts et al., 2004). The period between 4-6 years is a time of rapid 

development of working memory with steady growth until the age of 15, with a little 

levelling-off period in older children (Lee et al., 2013; St. John et al., 2019). Hughes et al. 

(2009) noted that the ages between 4-6 years are a critical period in the development of EFs, 

validating Best et al.’s (2011) findings that domain general EFs improve with age until at 

least 15 years. EFs display a robust enhancement for the youngest age group, moderate for 

late childhood, and then fade away after adolescence. 

The nature and structure of EFs is another significant aspect that has gained much 

research attention. Influential work in this area has been undertaken by Miyake et al. (2000), 

who proposed a ‘unity and diversity model’ by applying a latent variable approach. Three 

main EFs were identified: namely, inhibition (intentional suppression of a dominant 

response), updating (continuous monitoring and swift addition/omission of information) and 

shifting (switching between tasks with flexibility). It is theorised that these three elements are 

independent yet associated with one another. In their recent work, Miyake and Friedman 

(2012) found compelling evidence for a two-component and a common EF model overriding 

the three-component model with shifting and updating as separate components and a common 

EF. In this study, the researchers did not find any unique variance for inhibition after 

accounting for shared EF. In fact, inhibition was found to be virtually perfectly associated 

with common EF. The common EF is described as “an ability to actively maintain task goals 

and goal-related information and use this information to effectively bias lower-level 

processing” (Miyake & Friedman, 2012, p. 11). It is argued that the common EF 

encompasses the ability required to carry out any task. Thus, it does not need to be an 
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individual component but encompasses a range of different processes and cognitive tasks. 

Since inhibition and common EF have a near-perfect association, some researchers have 

argued to name common EF ‘inhibition’. Valian (2015) asserted that explicitly naming the 

common EF would provide useful information about its functions rather than vaguely 

describing it. Even though the unity and diversity model have been revised to a two-

component and one common factor model, in most studies, bilingual effects are examined 

separately for each EF (inhibition, updating and shifting) in different contexts. Based on this 

convention, the present study also explores inhibition as a separate EF. 

Bilingualism and Executive Functions- Empirical Findings 

Inhibition, shifting and updating EFs have received the most attention in bilingualism 

and EFs research and have been studied individually in relation to bilingualism. The 

following section presents the literature examining associations between bilingualism and the 

three main EFs of interest. 

Inhibition 

Miyake et al. (2000), in their seminal work on EFs, defined inhibition as "one’s ability 

to deliberately inhibit dominant, automatic, or prepotent responses when necessary" (p. 57). 

Generally, for EFs, inhibition is operationalised as an intentional and conscious restraint of 

predominant and active responses in favour of a less dominant response (Bialystok & Martin, 

2004; Kochanska et al., 2000). 

Given that inhibitory control was initially considered a primary mechanism for the 

bilingual effect, numerous studies have examined various aspects of inhibition, and findings 

have been inconsistent. With respect to the sub-components of inhibition, it appeared that BL 

children display better attention control, also known as selective attention (Blom et al., 2017; 

Engel de Abreu et al., 2012). Usually, tasks that require some forms of attentional control are 

employed to assess participants’ inhibition abilities. For example, in a study with children 5-
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14 years old, Kapa and Colombo (2013) administered an attentional monitoring task that 

required children to respond based on different stimuli. The cues were presented in different 

locations on the screen. The three types of trials were administered (congruent, incongruent, 

and neutral). Participants were required to accurately indicate the direction of the fish in the 

centre of the screen as quickly as possible. The authors noted that after controlling for age 

and verbal ability, BLs who had started to speak their two languages before the age of 3 

years, on average, responded faster than MLs and late BLs on all three trial types. Similarly, 

Blom et al. (2017) reported better performance for highly balanced BLs in selective attention 

measures. Moreover, BLs were faster and more accurate on neutral, congruent, and 

incongruent trials, with the most potent effect visible on incongruent trials where the 

cognitive demands are highest (Zeng et al., 2019). 

It is generally noted that BLs and MLs do not differ on response inhibition measures, 

similar to delayed gratification, where participants are required to resist opening a gift or 

saying day when a night picture is presented (Bailey et al., 2020; Carlson & Meltzoff, 2008; 

Williams et al., 2021). However, BL children have appeared to outperform on the 

interference suppression tasks requiring them to ignore irrelevant cues (Bialystok & 

Vishwanathan, 2009). BLs showed significantly less intrusion in incongruent trials (Poarch & 

Bialystok, 2015). It is argued that interference suppression closely resembles the BLs’ 

cognitive exercise in inhibiting the non-target language, thus displaying better performance 

on tasks replicating such mechanisms (Bialystok et al., 2012; Williams et al., 2021). Another 

sub-component of inhibition that has been positively related to bilingualism is conflict 

control, in which participants need to identify the conflict, hold a rule, and plan their next 

action. BLs made fewer errors on such tasks (Calvo & Bialystok, 2014; Poarch & van Hell, 

2012).  
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Within inhibition, bilingualism appears to affect different sub-components differently, 

even within the same sample. For example, Blom et al. (2017) reported a bilingual effect for 

selective attention but not for interference suppression for the same group of participants. 

One of the possibilities is that for a bilingual effect to occur, the task must be demanding 

enough to trigger response competition, attention control and conflict monitoring rather than 

those measures that require BLs to control their instincts (Bailey et al., 2020; Engel de Abreu 

et al., 2012). 

Alternatively, research on BL children has also reported no significant differences 

between BLs and MLs on inhibition measures (Mueller Gathercole et al., 2014). For 

example, Struys et al. (2018) noted that BLs enhanced their performance either by reducing 

the reaction times or by sacrificing the accuracy; older and younger BLs had a small 

congruency effect on different measures, thus providing little evidence of a bilingual effect. 

Antón et al. (2014) reported no bilingual effects even after matching their highly proficient 

(7-9 years) Spanish-Catalan participants on most demographic characteristics. It is argued 

that studies displaying the positive relationship between bilingualism and inhibitory control 

often have a small sample size, and the effects disappear with larger sample sizes (Paap et al., 

2015). Dick et al.’s (2019) study supported this claim. The authors failed to report any 

bilingual effect in their large (n = 4,524) sample. The absence of the bilingual effect has also 

been observed in different contexts (Middle East- Abdelgafar & Moawad, 2015; Australia- 

Escobar et al., 2018; Spain- Duñabeitia et al., 2014; Greece- Ladas et al., 2015). It appeared 

that the bilingual effect in inhibition might not always be evident, and it remained unclear 

what type of bilingual experience or factors contribute to such benefit for BLs. 

Shifting 

Cognitive flexibility, also known as shifting, is defined as an "ability to shift between 

mental sets and tasks" (Miyake et al., 2000, p. 55). It is one of the core components of the 
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unity diversity model. Cognitive flexibility measures involve switching between tasks, 

holding, and maintaining rules using working memory, and employing inhibitory 

mechanisms to restrain previously defined rules (Park et al., 2018; Doebel & Zelazo, 2015). 

The most common measure for assessing cognitive flexibility in children is the Dimensional 

Change Card Sort Test (DCCS), where participants are required to sort a set of cards by 

changing rules in pre- and post-switch phases. Complexity is added to the task by including a 

mixed block where pre- and post-switch trials are mixed, and participants sort the cards with 

two dimensions in the same block (Zelazo et al., 2013). Performance on DCCS is derived 

through three different costs: shifting, switching, and mixing (Park et al., 2018). All three 

abilities tap into different cognitive processes in a single task (Crespo et al., 2019). 

Similar to findings in relation to inhibition, results for the shifting skills are equivocal. 

There have been positive associations recorded between shifting abilities and bilingualism 

(Garraffa et al., 2015; Hartanto et al., 2019; Park et al., 2018), whereas other studies have 

failed to observe any bilingual effect in BL children (Dick et al., 2019; Gonzalez, 2017; 

Mueller Gathercole, 2014; Nicoladis et al., 2018). Also, there is evidence of associations 

between bilingualism and some, but not all, of the components of cognitive flexibility. For 

example, Crespo et al. (2019) noted the differences in favour of BLs (5-11 years) for shifting 

and mixing skills, but the language groups did not differ in switching abilities. Conversely, 

Park et al. (2018) found bilingual effects on mixing costs for BL children’s (8-12 years) 

performance. The authors hypothesised that the three subcomponents of shifting tasks tap 

into distinct cognitive abilities. While switching and shifting skills are related to inhibiting 

the dominant response, mixing capabilities were intricately connected with the monitoring 

skills. The authors proposed that the differences in the context of bilingual experience might 

have a differential impact on different components of shifting abilities (Crespo et al., 2019). 
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Updating 

Working memory, also known as updating, is an under-researched EF with regard to 

bilingualism. Working memory has broadly been considered an ability to store and process 

information during cognitive tasks (Monnier et al., 2022). It is an ability to retain 

information, process tasks while manipulating task-relevant information, and hold the output 

of the operations in the same short-term memory storage (Weintraub et al., 2013). Working 

memory tasks assess simple and/or complex working memory mechanisms and can be verbal 

or visuospatial in nature.  Simple tasks generally involve the evaluation of short-term 

working memory by repeating the presented information, while complex tasks require 

remembering the object/numbers while sequencing the objects in a specific order or reading 

aloud a sentence activating the central executive control (Cockcroft, 2016; Monnier et al., 

2022). Bialystok (2017) argued that BLs are believed to depend on working memory 

resources for selective attention when they are engaged in interactions in the target language 

while ignoring interference from the non-target language. The continued practice of 

managing both languages aid the working memory skills of BLs. Updating skills are thought 

to develop in early childhood, and the working memory span increases between the ages of 5-

10 and matures in adulthood, followed by a decline in older age (Best & Miller, 2010; 

Monnier et al., 2022; Weintraub et al., 2013). 

Research on working memory and bilingual effect appear conflicting in relation to the 

other two EFs. Few studies have reported a positive association between updating skills and 

bilingualism in children (Blom et al., 2014; Calvo & Bialystok., 2014; Monnier et al., 2022; 

Morales et al., 2013). Conversely, the lack of language group differences in updating skills is 

widely reported (Buac et al., 2016; Cockcroft, 2016; Engle de Abreu, 2011; Giovannoli et al., 

2020; Park et al., 2018; Rhee-Martin & Bialystok, 2008; Williams et al., 2021). The research 
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has also cited poorer performance for BLs in working memory abilities than their ML peers 

(Arizmendi et al., 2018). 

Differences in task demands across studies may also influence BLs’ performance in 

updating skills. For example, Morales et al. (2013) and Engel de Abreu (2011) administered 

span tasks that required participants to recall the order and position of the stimulus while 

ignoring the misleading cues. The participants in both studies were similar in age (Engel de 

Abreu, 6-8 years; Morales et al., 5-7 years), and the results revealed different patterns of 

participants’ working memory skills. Morales et al. (2013) observed that BLs scored higher 

in both simple and challenging working memory tasks with more accuracy in incongruent 

trials. In contrast, Engel de Abreu (2011) found no significant difference between BLs’ and 

MLs’ performance in different updating skills tasks when expressive vocabulary was 

statistically controlled. Although both studies required participants to manipulate working 

memory skills and monitor the conflicting information, there were differences in the type of 

output required from participants. The tasks in Morales et al. (2013) were visual and 

visuospatial in nature which have the least language proficiency demands. Whereas, in Engel 

de Abreu’s (2011) study, the BLs were required to produce a verbal output in the form of 

recalling digits or words. Morales et al. (2013) argued that BLs in Engel de Abreu’s (2011) 

sample had low scores on vocabulary measures which may have impacted their performance 

on updating skills tasks due to the demands on language proficiency in addition to the 

manipulations in working memory. In a similar vein, Buac et al. (2016) observed that 

different types of processing tasks may affect BLs performance. The authors noted that BLs 

performed lower than MLs in short-term memory tasks administered in English; however, 

there were no differences between the groups on the working memory tasks that required 

more executive control mechanisms than phonological knowledge. English vocabulary scores 

and SES predicted the performance of BL participants in their study; hence, the authors 
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recommended the use of verbal working memory measures that tap into BLs’ inhibition and 

EFs abilities instead of short-term memory tasks that might require language proficiency 

(Blom et al., 2014; Buac et al., 2016; Park et al., 2018). It seems that greater care is required 

when selecting the working memory tasks for assessing the bilingual effect, as minor 

differences in the task demands can influence the performance of BL participants. 

Summary of Findings 

Generally speaking, the research on the effects of bilingualism on EFs is ambiguous. 

BLs may have an advantage on some EFs but not others. Paap et al. (2015) expressed 

scepticism about the bilingual effect and asserted that it is either non-existent or only visible 

for some BL groups under restricted conditions. This view was voiced in a recent meta-

analysis that reported a small bilingual effect (g = 0.06) on shifting abilities for the middle 

SES sample from a specific lab (Gunnerud et al., 2020). A systematic review of three EFs 

(inhibition, shifting and updating) examining a bilingual effect for 5-17-year-olds reported 

BL children displaying better performance on inhibition and cognitive flexibility, but the 

effects disappear for working memory processes (Giovannoli et al., 2020). In contrast, a 

recent meta-analysis showed a small bilingual effect in the working memory favouring BL 

children (Monnier et al., 2022). These conflicting findings warrant further research to explore 

the conditions and experiences under which the bilingual effect becomes evident. 

Factors Affecting the Bilingual Effect in Executive Functions 

Researchers have outlined several plausible explanations for inconsistencies in the 

findings related to bilingualism and EFs in children. The possible factors are discussed under 

three categories adapted from Mendes (2015). First, individual participant demographic 

differences are presented, followed by the diversity in the experience of becoming a BL. Last, 

various methodological issues are discussed. 
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Individual Characteristics 

BLs’ profile and characteristics are strongly associated with differences in EFs. 

Among other aspects, the age of the participants, general intelligence, and SES affect how the 

bilingual effect is manifested in specific groups. This section discusses two of these factors, 

SES and the age of BL participants. 

Socioeconomic Status 

Children’s SES is associated with cognitive outcomes. For example, in a study with 

children aged 4.5-5.5 years who were English speakers, St. John et al. (2019) reported poor 

performance on inhibitory control for children from low SES. This seems plausible as parents 

with better income, education and resources can provide plenty of opportunities for their 

children to support their cognitive development (Valian, 2015). In relation to bilingualism 

and EFs, it is argued that differences between MLs and BLs could be due to SES and not 

bilingual experiences themselves (Morton & Harper, 2007). However, how SES affects BL 

participants’ outcomes in EFs requires further research.  

Bilingualism and SES are difficult to separate (Gonzalez, 2017); however, some 

studies have attempted to examine these two factors in relation to EFs, and the findings are 

ambiguous. Some studies suggest that bilingualism moderates the impact of low SES for BL 

children on control processes (Engel de Abreu et al., 2012) and working memory abilities 

(Blom et al., 2014), while others found that bilingualism contributed to better shifting and 

inhibition capabilities of children from higher SES backgrounds (De Cat et al., 2018; 

Hartanto et al., 2019). At the same time, other evidence suggests that updating skills are 

influenced by bilingualism irrespective of participants’ SES (Calvo & Bialystok, 2014). In 

contrast, some studies cited no bilingual effect on EFs after matching the participants on SES 

(Duñabeitia et al., 2014; Ladas et al., 2015). 
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One of the crucial considerations for the SES factor is its operationalisation. Some 

studies include primary caregivers’ educational levels as a proxy for SES (Buac et al., 2016), 

while others have included household factors such as parental occupation (De Cat et al., 

2018) and parental education (Blom et al., 2014; Calvo & Bialystok, 2014). Some researchers 

have used multiple indicators to categorise participants into low and high SES groups (Engel 

de Abreu et al., 2012; Ladas et al., 2015). Hartanto et al. (2019) went a step further by 

analysing SES, both as a composite index and as individual factors. This allowed the authors 

to explore SES effects at the macro and micro levels. The researchers noted that overall 

higher SES was a significant predictor of participants’ inhibitory control and shifting 

abilities. At the individual variable level, maternal education and household income predicted 

the scores on both EFs. 

Another challenging aspect of SES is its statistical treatment. Generally, studies 

comparing low and high SES groups have analysed it as a covariate to control group 

differences (Park et al., 2018). However, this approach is criticised as low SES is considered 

a characteristic of the sample recruited for research (Buac et al., 2016; Paap et al., 2015). To 

mitigate this issue, participants are also carefully matched on their SES measures across 

groups (Antón et al., 2014; Duñabeitia et al., 2014; Ladas et al., 2015). This approach also 

has critics who believe that matching the participants could result in nonrepresentative groups 

(Arizmendi et al., 2018; Paap et al., 2015). It is, therefore, critical that authors recognise the 

complexity of the SES variable while analysing and interpreting the results in relation to 

bilingualism and EFs (Arizmendi et al., 2018). 

Age of Participant 

EFs are subject to developmental changes with age (De Cat et al., 2018). In 

bilingualism research, age adds to the complexity of the BL participants’ profile. This issue is 

usually managed by matching the groups on age and/or controlling the age variable in 
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statistical analysis (Mendes, 2015). There has been recent interest in understanding how age 

affects BL children’s cognitive processes. Park et al. (2018) examined the trajectory of EFs 

for school-aged (8-12 years) ML and BL (Spanish - English) participants for two years. The 

authors noted that inhibition skills were equal for ML and BL groups in the first year, but BL 

children continued to mature in inhibition over time and showed better performance in the 

second year. Gradual continued exposure and use of two languages enabled BLs’ improved 

inhibition abilities. The results were not replicated for the updating and shifting abilities; both 

groups performed equally at each time point, indicating the differential bilingual effects for 

different EFs in the observed age range. In contrast, Blom et al. (2014) reported a bilingual 

effect in the working memory of their 5-6-year-old BL participants. In the first year, BLs and 

MLs performed equally on working memory measures; however, in the second year, when 

children were 6 years old, after controlling for Dutch vocabulary and SES, BLs outperformed 

MLs in one of the verbal memory measures and one of the visuospatial working memory 

tasks. Their study showed that with an increase in age, BLs’ performance in updating skills 

improved. 

Conversely, there is evidence of no age effects on inhibition skills in the age ranges 

between 8-10 years. Older participants responded faster than the younger group, but the 

scores were similar for both MLs and BLs in the same age group (Duñabeitia et al., 2014). It 

is important to note that BL children in Duñabeitia et al.’s (2014) study were in a similar age 

range to Park et al.’s (2018) study who showed improvement in inhibition abilities with age; 

however, the effect was not significant when compared with age matched MLs. It seems that 

factors besides age are also at play in influencing bilingual effects on EFs. 

Bilingual Language Experience Factors 

Another aspect of bilingualism that has been found to affect outcomes in EFs is the 

experience of becoming a BL. Children develop as BLs in diverse contexts and for varied 
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reasons, and distinct features of each environment and setting influence BLs’ cognitive 

capabilities. This section discusses some of the factors specific to the bilingual experience. 

Context of Bilingual Language Experience 

Bilingualism is nurtured in varied settings, and the linguistic environment has 

implications for BLs’ language experience, influencing cognitive development (Blom et al., 

2017; Crespo et al., 2019). The experience of being BL in a regional or local context of a 

country where bilingualism is a norm and expected, such as Singapore or Europe, is vastly 

different from more monolingual countries, such as the United States of America (USA), 

where a single, dominant language is standard (Arizmendi et al., 2018). In countries where 

bilingualism is encouraged and speakers of additional languages are welcomed, BL children 

are likely to have more opportunities to use and practice both languages without the stress of 

being the speaker of a “lower status language” (Arizmendi et al., 2018, p. 362). In contrast, in 

a context where bilingualism is rare, BL children might perceive negative perceptions about 

their bilingual identity and refrain from using their non-dominant language in specific 

contexts (Garraffa et al., 2015). BLs may desire to subtract their native language to fit in with 

the dominant language group (Arizmendi et al., 2018). This sociolinguistic factor can affect 

the use of languages in different contexts as languages are often considered a proxy for social 

prestige (Leivada et al., 2021). 

Both of the above linguistic environments have implications for language proficiency 

and language use. Blom et al. (2017) compared different bilingual contexts in the 

Netherlands, where two separate regional languages (Frisian and Luxemburgish) and an 

immigrant language (Polish) were spoken by BL children. The use of regional languages was 

expected in the community in addition to the national language (Dutch), which provided BL 

children with an opportunity to practice their two languages in the same context; however, 

the immigrant Polish language was mainly confined to children’s homes. The authors 
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observed better performance in the selective attention ability for their regional BLs (Frisian - 

Dutch) and highly balanced immigrant BLs (Polish - Dutch). Although the Netherlands is a 

bilingual country and minority languages are supported, the immigrant group, unlike the 

regional language group, needed to be highly proficient in both languages to display a 

bilingual effect on cognitive measures. 

The study mentioned above is also an example of the effects of the sociolinguistic 

context on BLs’ language use proposed in the adaptive control hypothesis (Green & 

Abutalabi, 2013), which theorises that the context of language use moderates the activation of 

cognitive processes. The dual language context where BL children frequently switched 

between their two languages (Frisian and Dutch) in the same setting (at a shop or home) 

placed higher cognitive demands, thus showing a bilingual effect on attentional measures. 

The immigrant language group in Blom et al. (2017) is an example of a single language 

context where only one language is used in one setting (Polish at home and Dutch at school). 

These BLs also showed the same bilingual effect in the attention ability but with more effort 

and higher language balance than participants in the dual language context. Thus, children in 

the same bilingual context might have different language experiences that could influence 

their performance on cognitive measures. Taken together, it becomes imperative to 

understand and acknowledge the sociolinguistic and cultural context of BL speakers when 

interpreting research findings, especially when there are inconsistencies in the findings of 

apparently similar linguistic groups (Blom et al., 2017). 

Age of Second Language Acquisition 

The age of second language acquisition is considered one of the significant predictors 

of BLs’ performance in EFs (Kalashnikova & Mattock, 2014; Kapa & Colombo, 2013). 

There are two notable perspectives in this area: the age of exposure versus the age of 

producing the second language. For example, the effects of exposure to two languages in the 
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first two years have been recorded on young BLs’ attention control capabilities (Kovács & 

Mehler, 2009; Poulin-Dubois et al., 2011). These results favour BLs who have not yet started 

to produce any speech/words indicating the significance of early exposure to two languages. 

In contrast, a second perspective considers the age of speaking a second language to be a 

better indicator of bilingual experience (Kapa & Colombo, 2013; Mendes, 2015). It is argued 

that the effects of bilingualism are evident when BLs begin to use their two languages 

regularly, also called the active age of onset of bilingualism (Kapa & Colombo, 2013; Luk et 

al., 2011). Based on how the age of acquisition for a second language is operationalised, the 

findings across studies may vary. 

Based on the age of exposure or output, BLs are categorised as early or late BLs. 

However, there is no consensus on the cut-off age to separate these groups (Mendes, 2015). 

For children, 3 years of age is commonly considered a critical point for classifying children 

into early versus late BL groups (Carlson & Meltzoff, 2008; Kapa & Columbo, 2013; 

Williams et al., 2021; Yang et al., 2011; Yohshida et al., 2011). In comparison, other 

researchers consider the ages between 3-5 years (before starting school) to differentiate 

between early and late BLs (Kalashnikova & Mattock, 2014). With children, research on the 

age of acquisition has favoured early BLs on different EFs (Bialystok & Vishwanathan, 2009; 

Carlson & Meltzoff, 2008; Kalashnikova & Mattock, 2014). For example, Kapa and 

Colombo (2013) found that early BLs who started to speak both English and Spanish between 

the ages of 1-3 years showed benefits in faster reaction times on attentional monitoring tasks 

than late BLs and MLs. It is argued that early BLs’ cognitive advantage may be due to their 

greater duration of bilingual experience with earlier age of acquisition of the second language 

(Kapa & Colombo, 2013; Yang et al., 2016). 

Age is also a criterion for grouping children into different types of bilingual 

experiences depending on when they acquired their two languages. Children learn two 
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languages either simultaneously, usually during the early childhood years, or acquire a 

second language successively after their first language development has begun (Bailey et al., 

2020). It is believed that type of bilingual experience may affect cognitive outcomes. 

Kalashnikova and Mattock (2014) reported positive results in attention control tasks for early 

sequential BLs who acquired English at preschool after acquiring their native language 

(Welsh). In contrast, Carlson and Meltzoff (2008) found support for simultaneous BLs (4.8- 

to 6.9-years) in attentional control and conflict monitoring measures. However, Mueller 

Gathercole et al. (2014) found no difference between simultaneous and sequential early BLs 

on different measures of EFs in a life-span study of participants from 3 years to old age. The 

difference in the findings across studies suggests a closer look at factors other than the age of 

acquisition of two languages. 

Degree of Bilingual Experience 

One of the issues that has gained research attention is the measurement of the 

intensity of the bilingual experience. BLs are of varied types depending upon their 

competency and usage of their two languages. For example, BLs may have language balance 

without being proficient in either or both of their languages; they may be able to function 

using both of their languages in different contexts but still be on the path of developing 

proficiency in both languages and may lack native-like competence (Blom et al., 2017; 

Grosjean, 2010). Assessing the degree of bilingual experience can be challenging for such a 

diverse group. Besides the age of acquisition of the second language, bilingual experience is 

often assessed by evaluating the self or parent-reported use of two languages in different 

settings, such as in school, with friends, and at home (Blom et al., 2017; Dick et al., 2019), 

and the language profile of parents and participant children (Duñabeitia et al., 2014; Haft et 

al., 2019). There is some criticism of relying on self and parental reports for measuring 

language usage, which may affect the reliability of the measure (Ladas et al., 2015). To 
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mitigate this issue, Ladas et al. (2015) employed a task that measured the switching costs 

between the languages of Greek-Albanian BL children. Assessment of receptive vocabulary 

in one or both languages is also commonly used to quantify language proficiency (Arizmendi 

et al., 2018; Blom et al., 2017). One or more of the above variables are often used to place the 

participants on the different stages of the bilingual experience. For example, participants with 

an almost equal percentage of daily usage of two languages or similar levels of proficiency in 

both languages are classified as balanced BLs (Williams et al., 2021). In contrast, those with 

a higher first or second language usage are grouped as unbalanced BLs or dominant BLs 

(Nicoladis et al., 2018; Park et al., 2018). 

It is theorised that balanced BLs are likely to be better at resisting interference from 

the non-target language hence displaying improved abilities in EFs (Blom et al., 2017; 

Carlson & Meltzoff, 2008). However, the findings in this area are disputed. For example, 

Bosma et al. (2017) reported a bilingual effect in favour of Frisian-Dutch balanced BL 

children (5-6 years) who had improved performance on selective attention and verbal 

working memory tasks but not on interference suppression and visual working memory 

measures compared to the Dutch-dominant group. Ladas et al. (2015) failed to report any 

group differences between MLs and BLs in an alerting, orienting and attention control task. 

The task required children to focus on the central stimuli in the presence of different type of 

warning signals (no cue, spatial cue, double cue, and central cue) and respond based on the 

changing trial types (congruent, neutral, and incongruent). The authors noted that the BLs 

with a higher language balance between Greek and Albanian were better at resolving the 

conflict on the altering, orienting and executive task. Conversely, Nicoladis et al. (2018) did 

not find a positive relationship between language use and shifting and mixing costs between 

their balanced, moderately balanced, and dominant language groups. The authors concluded 
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that language use or dominance might not be appropriate predictors to measure the difference 

in EFs’ performance among BL groups in their study. 

Gunnerud et al. (2020), in their meta-analysis, noted no effect of the degree of 

bilingualism as a moderator variable on the outcomes of EFs for children under 18 years of 

age. Several factors, such as language dominance for balanced BLs (Nicoladis et al., 2018), 

age of acquisition of second language and consistency of the bilingual experience (Luk et al., 

2011), and competency in first and second language (Leivada et al., 2021) may confound 

each other, affecting the bilingual effects on cognitive control mechanisms. Analysing these 

factors could explain the conditions under which the bilingual effects become evident. 

However, dissociating these variables may not always be possible due to various reasons, 

such as the diversity of the bilingual experience in different contexts and the differences in 

the definition and measurement of various bilingual experience factors (Grundy, 2020; 

Mendes, 2015). 

Influence of Vocabulary 

Language skills are believed to affect EFs. Children with specific language 

impairments and weak language skills show low performance on inhibition and shifting 

measures compared with their peers, who are typically developing (Kapa & Plante, 2015). 

Similarly, BL children are also noted to have low vocabularies in their individual languages 

(Calvo & Bialystok, 2014; Engel de Abreu, 2011; Engel de Abreu et al., 2012), which is 

considered a characteristic of the BL group rather than a deficit (Buac et al., 2016). 

Generally, studies examining the relationship between bilingualism and EFs utilise receptive 

and/or expressive vocabulary scores to gauge the language proficiency of their sample 

(Crockfort, 2016). Some studies assess the vocabulary skills in both languages of BLs (Buac 

et al., 2016; Crespo et al., 2019), whereas some studies only measure the vocabulary abilities 

in the second language of their participants (Hartanto et al., 2019). Studies with children have 
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reported mixed results on the effects of language skills on EFs’ performance, with some 

reporting association between the two (Blom et al., 2017; Buac et al., 2016; Hartanto et al., 

2019) and others noting no effect (Jaekel et al., 2019). For example, Crespo et al. (2019) 

noted no effect of language skills (measured by receptive and expressive vocabulary scores in 

English and Spanish) on the EFs’ performance of their 5-11-year-old participants. Given the 

impact of language proficiency, this variable is controlled in analyses to elucidate the effect 

of bilingualism on cognitive measures (Kapa & Colombo, 2013). For example, Blom et al. 

(2014) reported the positive effects of bilingualism on the selective attention of their BL 

participants after controlling for Dutch vocabulary skills. In contrast, Cockcroft (2016) 

reported no difference between the language groups in the verbal working memory tasks with 

and without controlling the receptive and expressive vocabularies of their sample. 

Operationalising Bilingualism/Bilingual 

One of the key issues in bilingualism research is defining bilingualism and BLs. 

Various definitions exist on a continuum, from merely knowing more than one language to 

the practical use and degree of proficiency in two languages. For example, an all-

encompassing definition by Edwards (2004) states that “everyone is bilingual” (p.7) because 

it is almost impossible that a person does not know a few words or phrases from a language 

other than their native language (Giovannoli et al., 2020). In contrast, a BL has also been 

defined as someone with native-like proficiency in both languages (Bloomfield, 1933, cited 

in Leivada et al., 2021). This definition indicates the dated perspective of bilingualism when 

a BL was perceived as being similar to two MLs within the same individual, and against 

which Grosjean (1989) has cautioned. It is argued that BLs may not have the same 

competence as MLs in their two languages, and it is relatively common for BLs to have one 

dominant language (Grosjean, 2010; Nicoladis et al., 2018). A balanced definition is 

proposed by Grosjean (1998, 2010), who defines "BLs as those who use two or more 
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languages (or dialects) in their everyday lives” (Grosjean, 2010, p.4). In other words, a BL 

may have functional proficiency to engage in similar interactions and activities in each 

language without having formal language fluency equivalent to an ML in either of the 

languages (Carlson & Meltzoff, 2008). 

How bilingualism is operationalised impacts the methodology, task design and 

findings of the study. If BLs are grouped based on the number of languages spoken, it might 

be a simplistic view of a highly complex and complicated phenomenon (Luk & Bialystok, 

2013; Mendes, 2015). The alternative is to define bilingualism on a continuum (Bialystok, 

2016; Haft et al., 2019), as BLs vary in their language experience, age of acquisition of the 

second language, proficiency, and language usage. Researchers have proposed to quantify the 

bilingual experience using several measures (Luk & Bialystok, 2013) and analysing 

bilingualism as both a categorical and continuous variable (Kremin & Byers-Heinlein, 2021). 

However, as researchers, it may not always be possible to operationalise bilingualism as a 

continuous variable depending on the study context and other methodological factors. For 

example, the latter conceptualisation of bilingualism seems more appropriate given the 

complexity of the bilingual experience (Luk & Bialystok, 2013). Nevertheless, for the current 

study, bilingualism is analysed as a categorical variable due to the available information 

related to the language status of participants (detailed discussion in chapter 3). 

In summary, there is no universally agreed-upon definition of bilingualism (Haft et 

al., 2019), and each study operationalises bilingualism in a manner that is specific to its 

methodology and context (Bailey et al., 2020). For the current study, a definition by Turnbull 

(2018) has been adopted to operationalise bilingualism as “the active knowledge and use of a 

language other than English in situations relevant to the individual needs of the speaker" (p. 

71). This definition suits the Aotearoa New Zealand context, where a second language is 

typically acquired in addition to the dominant English language. Additionally, describing 
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bilingualism in such a manner allows for both the knowledge and utility of a second 

language, which is applicable to all types of BLs, ranging from those who are beginning their 

BL journey to highly proficient users of both languages. A definition by Kohnert (2010) is 

adopted to describe BLs in the current study. BLs are "those individuals who receive regular 

input in two or more languages during the most dynamic period of communication 

development - somewhere between birth and adolescence" (p. 457). According to the author, 

this definition is inclusive of all children who may have been exposed to two languages from 

infancy or may have learned an additional language in their early years after acquiring their 

first language. 

Methodological Issues 

While examining the differences in the findings across bilingualism and EFs research, 

some of the issues related to study design have been highlighted. First is the problem of 

sample size. Studies reporting a positive association between bilingualism and executive 

control mechanisms are often critiqued for their small sample size (Paap et al., 2014). The 

authors claim that studies that are well-powered with a large enough sample size (n =180 at 

least) have supported the null hypothesis (there is no difference between ML and BL 

performance) on one or all EFs (example: Antón et al., 2014; Mueller Gathercole et al., 

2014). It is argued that in studies with small samples, the impact of individual variation 

(Leivada et al., 2021) is increased, which is washed out when the sample is large. A second 

concern is regarding the task effects on EFs’ performance. For a single EF such as inhibition, 

several tasks are employed that may appear similar but may activate different cognitive 

abilities. For example, Flanker and Simon tasks seemingly assess inhibitory control. 

However, these tasks measure different components of inhibition; Flanker assesses inhibition 

through interference suppression. In Flanker tasks, congruent, incongruent, and mixed trials 

are administered, and participants must switch back and forth with the changing rules. This 
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frequent shift between the rules initiates an attentional inhibition mechanism where 

participants respond based on the current rule and suppress the previous condition. In 

contrast, Simon tasks tap into the inhibition of dominant response. The Simon task requires 

participants to press the left or right key depending upon the colour of the dot that appears on 

the screen. For congruent trials, the dot appears on the same side of the key to be pressed 

(right side) and for incongruent trials, the stimulus appears on the opposite side of the 

response key (left side). Performance on one type of task does not guarantee similar 

performance on the other (Valian, 2015). Moreover, a single task is often administered to 

assess each EF, which may raise questions about convergent validity (Paap & Greenberg, 

2013). Studies using more than one task to measure the performance on a single EF have 

displayed no bilingual effect and reported very little or no correlation between the tasks 

(Giovannoli et al., 2020). There are calls for using multiple tasks to measure a single EF 

effect to differentiate bilingual effects from task effects (Leivada et al., 2021; Paap et al., 

2015). A third methodological consideration is related to study design. Mostly, the studies 

examining the role of bilingualism on EFs are cross-sectional and provide a snapshot of 

continuous experiences such as bilingualism. Longitudinal or developmental designs can help 

to provide an in-depth understanding of the changes in the bilingualism experience and its 

effects on cognitive measures over time (Park et al., 2018; Waldie et al., 2021; Woumans et 

al., 2015). The current study aims to address some of these limitations by drawing on data 

from a large, nationally representative longitudinal study. 

Present Study 

The present study was conducted to explore the relationship between bilingualism and 

EFs in BL children growing up in Aotearoa New Zealand. First, this research examined the 

association between bilingualism and inhibition, shifting, and updating EFs. In addition, the 

mediating effects of demographic and socioeconomic factors were tested. 
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The current study investigated the Aotearoa New Zealand context, which is 

predominantly an English-speaking country. However, with the increase in immigration and 

revitalisation of Te Reo Māori (the indigenous Māori language), along with the Pacific 

languages, a considerable percentage of children speak more than one language. A recent 

report from GUiNZ found that one in six children (16%) in Aotearoa New Zealand are BLs 

by the age of 8 years, and 1% are multilingual (Morton et al., 2020). 

Although EFs have been studied in Aotearoa New Zealand, bilingualism is relatively 

less researched. Only two studies were found in a narrow search for the present study 

(Mendes, 2015; Waldie et al., 2021). A recent neuroimaging study by Waldie et al. (2021) 

reported a bilingual effect in EFs for late proficient BLs. In another study, Mendes (2015) 

failed to report any bilingual effect in conflict control mechanisms. Both studies were 

conducted with adult participants with many years of exposure to a second language. The 

current research examined bilingualism’s effects on children still in the process of acquiring 

their second language. 

Following were the key research questions: 

1. What is the relationship between bilingualism and executive functions 

(inhibition, shifting and updating) for children growing up in Aotearoa 

New Zealand? 

2. How do demographic factors (SES, age) mediate the bilingual effect? 
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Chapter 3: Methods 

This chapter presents the research methodology employed in the current study to 

examine the association between bilingualism and EFs for children growing up in Aotearoa 

New Zealand. First, the justifications for the research paradigm and details about the source 

of the data and the sample of the current study are explained. Next, the procedure and 

measures employed to assess the cognitive outcomes are presented. The last section describes 

the data analysis plan. 

Research Design 

The current study is situated in the post-positivist paradigm. The author of this study 

believes in the existence of reality; however, the author also acknowledges the influence of 

human limitations in the search for reality (Williamson et al., 2002). One of the key 

characteristics of the post-positivist approach is the appreciation of the role of the researcher 

as the ‘interpreter of the data’ (Fox, 2008, p. 4). It is critical for the researchers to be mindful 

of their position and how the research process is affected by their positioning (Punch, 2005). 

The researcher’s perspectives, values and context influence all research aspects, from the 

design to the dissemination of results. For example, the author of this study is bilingual and is 

examining the effects of bilingualism, so there is a possibility of bias slipping in during the 

process of conducting this research. The author also understands that conscious attempts can 

be made to detach bias from the research process through careful selection of research 

methodology, efficient data analyses, transparency in detailing the research process, and 

diligence in presenting the findings (Fox, 2008; Williamson et al., 2002). For example, in the 

current study, quantitative methods are employed to understand the relationship between 

bilingualism and EFs for young children growing up in Aotearoa New Zealand. Using 

quantitative methods has allowed the researcher to examine the relationships between 

naturally occurring groups (ML and BL), reflecting a quasi-experimental design which fits 
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well with the post-positivist research paradigm. The association between the two phenomena 

(bilingualism and EFs) is studied in the form of variables which can be re-examined and 

replicated (Punch, 2005). 

Steps to avoid bias were also taken during the data analysis process. For example, the 

present study analysed secondary data from the GUiNZ study in which the author had no part 

in the design and implementation. The researcher also had no contact or information about 

the participants of the study. Additionally, the ethical requirements for the current study were 

fulfilled by applying for data access from the GUiNZ data access team. While presenting the 

study findings, the anonymity of participants was ensured. For example, any participant 

information less than ten cell count is not reported in accordance with the GUiNZ protocol. 

Although the researcher’s subjectivity cannot be completely removed from the research 

process, acknowledging one’s position, and making conscious efforts to address the bias can 

help alleviate some of the issues that could potentially influence different aspects of the 

research project. 

Study Context - Aotearoa New Zealand Language Landscape 

The context in which bilingualism is nurtured has implications for how children 

acquire their two languages, that in turn, affect their cognitive outcomes. The current study is 

set in Aotearoa New Zealand, which has two official languages (Te Reo Māori and New 

Zealand Sign Language) in addition to the dominant English language (a de facto but not 

official legal language), which is spoken by the majority of the population. However, 

Aotearoa New Zealand is still regarded as a predominantly monolingual country (Major, 

2018; Turnbull, 2018). BL children in Aotearoa New Zealand belong to diverse ethnic and 

linguistic backgrounds and speak several minority languages. However, not all minority 

languages have equal status and there is a hierarchy of minority languages in the country (de 

Bres, 2015). Within minority languages, Te Reo Māori is placed at the highest position, 
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followed by New Zealand Sign Language and Pacific languages, with all other minority 

languages at the last position (de Bres, 2015). Since the 1980s, the government has initiated 

efforts to revitalise Te Reo Māori such as allocating resources for Te Reo Māori programs, 

setting up bilingual and immersion Te Reo Māori schools, and wider use of Te Reo Māori as 

an official language in government organisations. This has seen the number of speakers of the 

indigenous language increase gradually. For example, the data from Statistics New Zealand 

(2022) shows that the percentage of Māori people who speak Te Reo Māori as their first 

language has increased from 17% in 2018 to 23% in 2021, and almost 8% of the overall 

population reported being able to speak Te Reo “fairly well”. BL children are exposed to Te 

Reo Māori in both private (in their homes, close community) and public (in educational 

settings, media) spaces. Nevertheless, despite the resources and provisions by the government 

to date, ongoing effort is required to preserve and promote Te Reo Māori as an indigenous 

language of Aotearoa New Zealand (Barrett-Walker et al., 2020).  

Regarding non-official minority languages, two major groups of languages formed 

due to migration patterns. The largest contributor to the linguistic diversity of Aotearoa New 

Zealand was migration by Pacific communities during the 1970s. These communities 

permanently settled in Aotearoa New Zealand, and brought with them their native languages 

(Samoan, Tongan, Tokelauan, Cook Islands Māori, Fijian, Niuean, and Tuvaluan) (de Bres, 

2015). These languages continue to be primarily acquired in the home and community 

context as the speakers of these languages are still relatively large in numbers, but there are 

increasing concerns of language shift and loss for these languages (Hunkin, 2012; McCaffery 

& McFall-McCaffery, 2010). Recently, the government has recognised the special status of 

Pacific languages as part of their partnership with Pacific nations which has resulted in 

initiatives such as curriculum guidelines for five Pacific languages (de Bres, 2015; Ministry 

of Education, 2007) and celebrating Pacific Languages Week to promote Pacific languages in 
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broader society. Education Review Office (2019) noted that at least 30 schools (mainly in 

Auckland) provided their students with some form of bilingual/immersion education in 

Pacific languages (Samoan, Tongan, Cook Islands Māori). However, the active use and 

maintenance of Pacific languages mainly rely on the parents and close community. The 

second group of languages also called the immigrant languages, increased in numbers due to 

immigration from Asian, Middle Eastern, and African countries. Census 2018 showed that 

almost 191 minority languages are spoken in Aotearoa New Zealand. However, unlike Te 

Reo Māori and Pacific languages, these immigrant or community languages are not the focus 

of government policies. In most cases, these languages are confined to private spaces such as 

home or close community. The parents of BL children speaking minority languages struggle 

to maintain their native languages and fear language loss in the next generations due to the 

tension between acquiring the dominant language (English) while keeping their home 

language relevant (Barkhuizen, 2006; Cunningham & King, 2018; Kuncha & Bathula, 2004; 

Lauwereyns, 2011). 

If the acquisition of native or minority languages is examined, it appears that in 

Aotearoa New Zealand, all the minority languages are acquired under the strong influence of 

English. For example, Reese et al. (2018) examined the acquisition of Te Reo Māori 

collected via the GUiNZ study and noted that BL children who acquired Te Reo Māori, had 

stronger English competency than Te Reo Māori at the age of 2 years. The longitudinal 

analysis of languages spoken by the GUiNZ sample revealed that at 2 years of age, 40% of 

the participants were reported to understand more than two languages (Morton et al., 2014); 

however, this figure dropped to 16% of participant children being able to speak two or more 

languages at 8 years of age (Morton et al., 2020). These estimates indicate language loss in 

the young population in Aotearoa New Zealand. On the one hand, Aotearoa New Zealand is 

increasingly becoming multicultural with the rise of several minority languages being 
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spoken; on the other, the young population seem to relinquish their native language in favour 

of a more dominant and culturally privileged language. 

Primary Data Source 

The sample for the current study is derived from a longitudinal multidisciplinary 

cohort-based study: GUiNZ. It is a government-funded study aimed to provide recent, robust, 

population-relevant findings for policymakers to better support children growing up in a 

diverse, multicultural environment of the 21st century (Morton et al., 2010). The aim of 

GUiNZ is to track children from their birth to young adulthood (Morton et al., 2014). GUiNZ 

takes the lens of holistic development, including education, family and whānau (extended 

family), societal context, health and well-being, and psychological and cognitive 

development (Morton et al., 2010; Neumann et al., 2021). 

The participants were recruited through direct and indirect methods. The participants 

included 6822 expecting women who had a child(ren) due between 25 April 2009 and 25 

March 2010 (Morton et al., 2014). The recruited sample for the GUiNZ is ethnically diverse 

and is generalisable to the families living in Aotearoa New Zealand, today (Morton et al., 

2010). The data were gathered through several data collection waves (DCWs) starting from 

pregnancy to different stages of child development, with DCW8 being the most recent, 

collected when children were 8 years old (Morton et al., 2020). 

Participants- The Current Study 

The sample for the current study was drawn from DCW8 when the cohort reached 

middle childhood. Out of the original sample of 6853 children, the total eligible sample for 

DCW8 was 6571 after removing 282 participants who either had previously opted out or 

passed away during the first six years of the GUiNZ study (Morton et al., 2020). The 

remaining participants (n = 6571) were invited to participate in DCW8, out of which 15% (n 
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= 1015) opted out at this time, bringing the total eligible sample to 5556 who participated in 

DCW8 (Morton et al., 2020). The mothers/participants who did not participate in DCW8 

were more likely to be from high-deprivation neighbourhoods or ethnic groups other than 

European, and therefore this pattern needs to be considered when interpreting the results. 

Moreover, the logistical issues in arranging the home visits at DCW8 also affected the 

completion rates of different questionnaires and tools (Morton et al., 2020). 

At DCW8, a child-proxy questionnaire was administered to the primary caregiver - 

typically the mother, as this is the person who was originally recruited to participate in the 

study. A total of 4926 parents completed the questionnaire. The questionnaire included 

parental reports for the languages spoken by the children. Two questions were asked; (a) the 

languages in which children can have everyday conversations (there could be multiple 

responses to this question), and (b) the language mostly spoken at home (there could only be 

one response to this question). The following steps were taken to group the participants based 

on their language status. First, the total languages spoken by children for everyday 

conversation was calculated. Children were assigned to the ML group if their total languages 

spoken was one, and the language mostly spoken at home was English. Next, children were 

grouped as BLs if they could hold everyday conversations in two languages, one of which 

was English, as long as they had a home language that was other than English. For example, a 

child who could have day-to-day interactions in both Spanish and English with Spanish as 

his/her main home language was categorised as BL. A total of 741 participants were not 

included in the sample as they did not fulfil the above-mentioned criteria and could not be 

classified as either ML or BL due to mixed language contexts. The final sample for the 

current study remained at 4185. 

Participants’ demographic information is presented in Table 1. There were more 

participants in the ML group than in the BL group. In both groups, the number of males was 
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slightly higher than females. Regarding mothers’ education levels, the most comprehensive 

information was gathered at the antenatal DCW when the participants were recruited for the 

study; therefore, for the mothers’ highest qualifications, data from the antenatal DCW were 

analysed. This also reflected the education level at the time when their child’s language 

development was primarily guided by the parent(s). Table 1 shows that, on average, the 

mothers of the BL children were more qualified than the mothers of the ML children. 
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Table 1 

Mean Age and Standard Deviation, Gender, Ethnicity, Mother Education and SES 
Distribution in the two Language Groups 

  Variable Monolingual Bilingual 

N (DCW8-Child Proxy Dataset)  
  4043 142 
Age in months (SD) (DCW8-Child Proxy Dataset)  
  103.2 (5.0) 104 (5.3) 
Sex (%) (DCW8-NIH Toolbox)  
Female  1791 (44.3) 51 (36) 
Male  1876 (46.4) 63 (44.3) 
Missing  376 (9.3) 28 (19.7) 
Total Response Ethnicity (%) (DCW5-Child Proxy Dataset)  

NZE   3246 (80.2) 33 (23.2) 
Māori    913 (23) 14 (9.9) 
Pacific   570 (14.1) 17 (12) 
Asian   370 (9.1) 83 (58.5) 
MELA   85 (2.1) <10 
Other  <10 0 (0) 
New Zealander 683 (16.9) 16 (11.3) 
Missing 60 (1.5) <10 

Mother’s Highest Education (%) (Antenatal DCW-Mother Dataset)  
No secondary school qualification 188 (4.7)  <10 
Secondary school/NCEA 1-4   826 (20.4) 33 (23.2) 
Diploma/trade certificate/NCEA 5-6 1182 (29.2) 32 (22.5) 
Bachelor’s degree   1084 (26.8) 47 (33.1) 
Higher degree   755 (18.7) 25 (17.6) 
Missing <10 <10 

NZDep (%) (DCW8- Mother Dataset)   

Quintile 1   1046 (25.9) 29 (20.4) 
Quintile 2   849 (21) 25 (17.6) 
Quintile 3   786 (19.4) 18 (12.7) 
Quintile 4   590 (14.6) 24 (16.9) 
Quintile 5   600 (14.8) 30 (21.1) 
Missing 190 (4.7) 16 (11.3) 

Note: SD = Standard Deviation in parentheses; NIH = National Institutes of Health; NZE = 

New Zealand European; MELA = Middle Eastern, Latin American, and African; NCEA = 

National Certificate of Educational Achievement; NZDep = New Zealand Deprivation Index 
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As part of the data access application, it was explained that the author did not intend 

to use ethnicity as a variable of interest for the current thesis - in part because the sample 

sizes would be too small to allow meaningful conclusions but also because ethnicity is 

unlikely to mediate any association between BL status and EFs (despite differences in BL 

prevalence). Therefore, ethnicity is only presented as part of the demographic information of 

the participating children. The information on the ethnic background of the child was 

analysed from DCW5 when participating children were 54 months old. Mothers reported 

their child’s ethnicity and could choose multiple ethnicities in their responses. To group 

children based on ethnicity, total response classification was employed. This method allows 

all the ethnicities with which participants affiliate to be represented and captures the diversity 

in the ethnic composition of a group (Yao et al., 2021). The participants were counted based 

on their responses in one or more ethnic groups. For example, a child whose ethnicity is 

reported as both Pacific and European was counted twice, once in each ethnic group. As 

presented in Table 1, the ML group had a higher representation of New Zealand European 

participants, followed by Māori, whereas, in the BL group, the Asian ethnic group dominated 

the composition, followed by European. Pacific children were represented at slightly higher 

numbers than Māori children in the BL group. It is important to note that the total ethnic 

composition may be greater than the actual sample size as children with more than one 

ethnicity are counted multiple times (Boven et al., 2020). 

For the current study, the New Zealand Deprivation Index 2013 (NZDep2013) from 

DCW8 was used as a measure of the SES of children. NZDep2013 is an area-level indicator 

of deprivation. Derived from NZ Census 2013 data, NZDep2013 identifies various aspects of 

deprivation such as household income, access to the internet, access to transport means (car), 

unemployment, single-parent families, level of qualification, home ownership, utilising 

government benefits, living in an overcrowded space, and access to communication means 
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such as a phone at home (Atkinson et al., 2014). The level of deprivation is derived from the 

residential address of the participants. NZDep2013 is placed on an ordinal scale (1-10) where 

level 1 means the least deprived areas and level 10 means the most deprived neighbourhoods 

(Atkinson et al., 2014). For the current study, NZDep2013 was divided into quintiles to 

increase sample size and to enable examination of SES as a mediating factor for bilingualism 

on the outcomes for EFs. Table 1 details the information on the SES of the children. The 

highest representation is at the extremes for the SES distribution. For the ML group, the 

highest percentage of children was from the least deprived SES, whereas in the BL group, 

children from the least deprived SES had the highest representation. 

Language Profile of Bilingual Participants 

BL children spoke several (30) home languages at DCW8. Mandarin was the most 

spoken language (28.2%), followed by Hindi (14.1%) and Te Reo Māori (8.5%). Regarding 

the language of instruction, for the majority of the BL children (86%), the primary medium of 

instruction was English. Te Reo Māori was the next most common language of instruction 

(7.7%). Very few (<10) participants’ parents reported languages such as English/Tongan and 

English/Samoan as the language of instruction for their BL children. This was not surprising 

because in Aotearoa New Zealand, bilingual education and immersion education models have 

been implemented to revitalise the indigenous Māori language and foster minority Pacific 

languages (Education Review Office, 2019). Other minority languages, such as German, 

English/Mandarin, were also reported by a handful of parents (<10) as the language of 

instruction at their children’s school, which is an unlikely scenario in the Aotearoa New 

Zealand education system. It is possible that parents might have assumed that English is a 

given response, and they must report the ‘other’ language at school. It is more likely that 

these children learn German or Mandarin as an additional language at school rather than 

learning academic content in these languages. 
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Regarding the age of acquisition of the second language, information about the 

number of languages spoken to the children or languages understood or spoken by children 

was analysed. This information was collected for children at each major DCW (9 months, 2 

years, 45 months, 54 months, and 8 years). It provided an overview of the exposure to the 

second language at a given data collection point. For example, if a parent reported speaking 

two languages to the child at DCW1, it indicated that the child had been exposed to two 

languages from 9 months of age. Most parents (77.5%) reported that their children acquired 

their two languages before 3 years of age, followed by BLs (20.4%) who had been exposed to 

two languages before 5 years of age. Fewer than 10 participants were reported to have 

acquired a second language after the age of 5 years. While these variables were informative, 

they were not included in the further analysis due to the very small sample size across groups 

for the three target EFs. 

Procedure and Measures 

The National Institutes of Health (NIH) Toolbox Cognition Battery (CB) was 

employed (Weintraub et al., 2013) to assess children’s EFs. The Toolbox was developed in 

collaboration with 16 NIH institutes and was aimed toward large-scale longitudinal studies to 

provide an assessment of cognitive functions. One of the key features of the Toolbox was its 

easy administration and scoring procedures (Weintraub et al., 2013). After a rigorous process 

of selecting subdomains and developing the measures for all the subdomains, the NIH 

Toolbox (CB) was validated for the age range of 3- 85 years. The NIH Toolbox (CB) 

includes seven subtests: Toolbox Picture Vocabulary Test (TPVT), List Sorting Working 

Memory Test (LSWM), Dimensional Change Card Sort Test (DCCS), Flanker Inhibitory 

Control and Attention Test, Picture Sequence Memory Test (PSMT), Pattern Comparison 

Proceeding Speed Test and Oral Reading Recognition Test (ORR). 
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NIH Toolbox (CB) was administered as part of DCW8. At the time of NIH Toolbox 

(CB) administration for the GUiNZ cohort, the participant children were between 8-10 years 

old; therefore, the NIH Toolbox (CB) version for 7-17 years was selected (Neumann et al., 

2021). 

Measures 

The details for the three measures from the NIH Toolbox (CB) assessing inhibition, 

shifting, and updating EFs are detailed next. 

Flanker Inhibitory Control and Attention Test 

An adapted version of Eriksen’s Flanker task is employed by NIH Toolbox (CB) that 

is based on the Attention Network Test (Rueda et al., 2004), which measures inhibitory 

control and visual attention (Neumann et al., 2021). The Flanker task assesses inhibition as a 

requirement to ignore the distraction in the form of misleading cues (Bialystok, 2017). 

Participants beyond age 7 years are presented with arrows as a stimulus (Slotkin et al., 2012). 

Two types of trials were administered with GUiNZ children, with 20 items in each trial on an 

NIH Toolbox iPad app (Neumann et al., 2021). In the congruent trials, children were asked to 

indicate the direction of the flankers, which is in the same direction as the central target. In 

incongruent trials, the direction of the flanker and the target are opposite to each other 

(Neumann et al., 2021; Zelazo et al., 2013). Thus, the incongruent trials provide the 

assessment of inhibitory control as these require selective attention of children to avoid visual 

stimulus (Zelazo et al., 2013). Based on the accuracy and the reaction time on the Flanker 

task, a composite score is derived, ranging from 0 to 10, where 10 is the highest score. NIH 

Toolbox (CB) reported a strong test-retest reliability (ICC =.92, 95% CI = .86, .95). The 

validity (convergent and discriminant) for the 8-15 years is also noted from adequate to good 

(Neumann et al., 2021; Zelazo et al., 2013). 
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Dimensional Change Card Sort Test (DCCS) 

To measure children’ cognitive flexibility or the ability to shift focus on a task, the 

DCCS Test from NIH Toolbox (CB) was employed (Neumann et al., 2021). The DCCS Test 

was developed by Zelazo (2006) based on Luria’s rule use (Zelazo et al., 2013) which has 

been documented to assess EFs in childhood. In this task, participants are presented with two 

target cards visually and are required to sort either by shape or colour as one of the two 

possible choices. With GUiNZ children, the task was administered in a standard format 

where they were shown an image (one shape in one colour) on the screen and were asked to 

match the target with the response images shown on the screen. The response images were 

one of the two responses in the form of shape or colour (Neumann et al., 2021). The rule was 

changed after a few trials where children had to match the target with the other dimension. 

Children were presented with 30 items on this task. The composite score was computed based 

on the performance of the reaction time and the accuracy of the task. The NIH Toolbox (CB) 

cited high test-retest reliability (ICC= .92, 95% CI = .86, .95) for DCCS Test along with 

adequate to good validity for the target age group (8-15 years) (Neumann et al., 2021; Zelazo 

et al., 2013). 

List Sorting Working Memory Test (LSWM) 

LSWM from NIH Toolbox (CB) is a sequencing test that assesses children’s ability to 

retain information for a short period of time while working on sorting and recalling the 

information (Neumann et al., 2021; Tulsky et al., 2013). Children were provided with the 

visual representation of the items along with the audio of naming the object to complement 

the visual stimulus. Children had to retain the item presented as well as respond in order of 

size. This task is divided into 1-List and 2-List formats. Children were presented with one 

form of items, such as food or animal, in the first list and were required to sort the items in 

order of size (smallest to biggest). In the second part, children were presented with both types 
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of items (food and animals) together and were asked to sort the animals according to size and 

then food in the same order. The working memory load was increased in series requiring 

children to recall lengthier versions of the items in sequence in both types of lists (Tulsky et 

al., 2013). The scores for the LSWM test were devised by adding the total correct recalls and 

sequences on the 1-List and 2-List versions (Slotkin et al., 2012). The score range was 0-26. 

For 8-15 years, The NIH toolbox noted adequate test-retest reliability (ICC = .80, 95% CI = 

.52, .87) and adequate convergent and discriminant validity (Tulsky et al., 2013). 

Dependent Variables 

Children’s scores for the three EFs (inhibition, shifting and updating) were the 

outcome variables. These variables were derived from NIH Toolbox (CB) tests administered 

to GUiNZ children at DCW8. NIH Toolbox (CB) provided the outcome in the form of age-

unadjusted scores and age-adjusted scores (Slotkin et al., 2012). For the current study, age-

adjusted scores were entered into the analysis. The age-corrected scores allow for comparing 

the outcomes of the Aotearoa New Zealand sample with an international norm-referenced 

sample within the same age range which has undertaken the NIH Toolbox (CB) tests (Slotkin 

et al., 2012). 

Independent Variables 

The primary focus of the study was the relationship between bilingualism and EFs. 

Hence, language group was the key independent variable of interest in this study. 

Demographic factors such as age and SES were also analysed to investigate the mediating 

effect on EFs. 

Language Group 

Language group was the primary predictor variable in this study. Bilingualism for the 

current study was defined as a categorical variable. Children were divided into two language 
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groups: ML and BL, based on the number of languages their parents reported them speaking 

at DCW8. In DCW8, there were two questions related to the language use of the participants. 

Parents reported information on: 

1. What language(s) does {NAME} speak well enough to hold a conversation about a lot 

of everyday things? 

2. What language does {NAME} MOSTLY speak at home? 

Question 1 could have multiple options selected by the parents and this variable was 

used to count the total number of languages spoken by the child at 8 years. Question 2 could 

only have a single response, and this variable was utilised to differentiate the BL sample who 

had a different home language from English. Hence, a child who has a total language spoken 

response of one, and the home language reported as English, was categorised as ML. A child 

who can speak a total of two languages, with one of them being English but with a home 

language other than English, such as Tongan, was classified as a BL. Finally, those with two 

languages, but a home language of English, were coded as neither ML nor BL and were 

excluded from further analysis. To summarise: 

ML = child spoke one language for everyday conversations and had English as a 

home language and 

BL = child spoke two languages in everyday interactions, one of which was English, 

and the home language was different than English. 

Age of Participant 

The age of the children was one of the predictors in this study that was analysed as a 

control variable. Information regarding the age of children was taken from DCW8 when 

children completed the NIH Toolbox (CB) measures. Since it was a cohort study, the children 

were of similar age (in years); therefore, the information about the age in months would give 
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a finer understanding of the effect of age on the EFs. The age was calculated in months by the 

GUiNZ data team, and it was used in the same form for the analysis in the current study. It is 

important to note that NIH toolbox (CB) provides age-normed scores only in years. 

Socioeconomic Status 

SES is confounded with bilingualism; therefore, in the present study, SES was 

examined as a control variable. The interaction of SES with language group was also 

explored. As mentioned earlier in this chapter, NZDep2013 was used as a proxy for the SES. 

Participants were grouped into five quintiles. SES 1 (NZDep 1-2), SES 2 (NZDep 3-4), SES 

3 (NZDep 4-6), SES 4 (NZDep 7-8) and SES 5 (NZDep 9-10). SES quintiles were added to 

the analysis to explore the mediating effect of SES on BL children’s performance on EFs. 

English Receptive Vocabulary Scores 

Children’s receptive vocabulary scores are reported to affect their performance in 

EFs. As part of the NIH Toolbox (CB), an English receptive vocabulary test was 

administered to all participating children. On average, BLs (M = 97.46, SD = 15.75) had 

scored lower than the MLs (M = 104.69, SD = 14.41) on TPVT and the difference between 

the groups was significant (p < .001). Therefore, the TPVT scores were added to the analysis 

to control for any effects of language proficiency on the outcome measures. 

Missing Data Analysis 

Missing values are inherent in every study, and even a small percentage of missing 

data can be statistically significant with a large sample size like the current study. While 

examining the missing values in the present sample, it was noted that the non-completion 

ratio for cognitive measures was higher in the BL group. BLs were twice as likely to not 

complete the cognitive tasks when compared to the ML group. This violated the assumption 

of ‘missing at random’ as the missing values showed a pattern (Hancock et al., 2019). The 
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overall proportion of missing data for those in the ML group who completed the NIH 

Toolbox (CB) at DCW8 was relatively low (10%) compared with almost 20% in the BL 

group. Unfortunately, it was not possible to impute the missing data as there were no 

auxiliary variables on which to base the imputation. Therefore, the results do need to be 

considered with this difference in mind, as it is possible that BL participants’ English 

language proficiency may have influenced their likelihood to complete the tasks, though this 

arguably ensures the cognitive results are a better reflection of the competence for language 

groups given the tasks were all completed in English. 

Data Analysis 

The current study employed quantitative analysis to explore the relationship between 

bilingualism and EFs. All analyses were conducted using R Studio Version 2022.02.3 

(RStudio, 2022). 

Multiple Linear Regression 

Multiple linear regression analysis was deemed appropriate as there were multiple 

variables (language group, age, vocabulary scores and SES) that could predict the dependent 

variable (EFs scores) (Field et al., 2012). Three separate models were created for each EF. 

Model 1 comprised only the language group variable, the primary variable of interest. In 

Model 2, the age of children and SES were added as predictor variables and controlled for 

English receptive vocabulary scores. The last Model 3 included the interaction variable of 

SES with the language group to understand the SES effects on the BL groups’ performance in 

each EF. 

Assumptions for the multiple linear regression were checked using diagnostic 

regression models and tested for independent errors and multicollinearity. The independent 

error assumption was checked through the Durbin-Watson test, and the values for three 
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models (each for a single EF) were between 1.9 and 2.1, indicating that the residuals are 

uncorrelated (Field et al., 2012). For the variance of residuals, the standardised residuals and 

predicted values plots were randomly distributed, indicating that the regression models in the 

current study meet the homoscedasticity assumption. Moreover, the output for the 

multicollinearity test for all three regression models was well below (< 2) the Variance 

Inflation factor (VIF) threshold of 10 (Field et al., 2012). Moreover, the normal Q-Q plot 

showed a few residual values that slightly deviated from normality; however, the number of 

extreme cases (three) was quite low and unlikely to impact the models. 
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Chapter 4: Results 

This chapter presents the findings of the analyses undertaken to examine the 

relationship between bilingualism and EFs for children growing up in Aotearoa New 

Zealand. The analyses focus on the three EFs (inhibition, shifting and updating). The first 

part of the chapter details the descriptive statistics for the three cognitive measures of interest. 

Next, inferential statistics are presented from multiple linear regression analyses conducted 

for each EF separately. 

Descriptive Statistics 

Mean, standard deviation and minimum and maximum scores were calculated for 

each EF score for both language groups presented in Table 2. On average, BLs scored higher 

than their ML peers in all three domains. While looking at the overall performance for each 

language group, both groups performed slightly better in shifting than updating skills. While 

looking at the mean scores, it was interesting to note that, on average, scores on the inhibitory 

control measure were lower than for other EFs. However, MLs scored least in the updating 

skills, which was lower than their scores in the other two EFs as well as lower than BLs’ 

scores in all three EFs. However, MLs’ scores also show the most range with the highest 

scores in all three EFs when compared to the BL group. 
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Table 2  

Sample Size, Mean, Standard Deviation, Range of the EF measures by Language Group 

Measure 

Monolingual Bilingual 

n 
Mean 

(SD) 
Minimum Maximum n 

Mean 

(SD) 
Minimum Maximum 

Inhibition 3689 
95.96 

(12.00) 
68 166 114 

99.89 

(12.8) 
73 135 

Shifting 3615 
99.84 

(13.40) 
72 172 111 

101.00 

(14.5) 
72 144 

Updating 3590 
99.23 

(14.61) 
44 194 112 

100.09 

(13.8) 
82 151 

Note: SD = Standard Deviation in parentheses  

Multiple Linear Regression 

Multiple linear regression was conducted for each EF to analyse the relationship 

between bilingualism and EFs. Three separate models were created for each EF as the 

outcome variable. The first linear regression model included language group (ML or BL) as 

the only predictor of EFs. For the second model, the age of the participants, English receptive 

vocabulary scores and SES were added as predictors, followed by the interaction of SES with 

the language group variable in the third model. Next, the regression models for each EF are 

presented separately. 

Inhibition 

As shown in Model 1 of Table 3, BLs performed significantly better than their ML 

peers in the inhibition task (β = 3.93, p < .001). The model was significant (F (1, 3801) = 

11.8, p < .001, R2 = .003), but the R2 value indicated that the language group explained less 

than 1% of the variance in children’s inhibition scores. The effect of the language group 

remained significant (β = 4.66, p <.001) as presented in Model 2, even after accounting for 

age, English receptive vocabulary scores and SES. Model 2 was significant (F (7,3764) = 
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12.08, p <.001, R2 = .02). Children who were BL had better inhibitory control than the MLs. 

Moreover, regardless of the language group, higher receptive vocabulary scores were related 

to better performance in inhibition (β = 0.11, p <.001). In addition, the effect of age was non-

significant (β = - 0.01, p = .78). 

Concerning SES, the findings were mixed. As shown in Model 2, the SES effect was 

non-significant for the children from relatively higher SES; quintile 2 (β = - .53, p = .33) and 

the lowest SES; quintile 5 (β = 0.50, p = .42). However, for both language groups from 

middle quintiles, the level of deprivation had a detrimental effect on the inhibition 

performance (SES 3: β = -1.21, p = .03 SES 4: β = -1.29, p = .04), however, this effect was 

washed out in Model 3 when interaction variables were added. Overall, Model 2 explained 

only 2% of the variance for the effect of language group, age, vocabulary scores and SES on 

the inhibition score. 
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Table 3  

Multiple Regression Analysis for Inhibition by Language Group, Age, TPVT and SES  

Variable NZDep as SES measure 

  Model 1 Model 2 Model 3 

Intercept 95.96*** (0.20) 86.03*** (4.27) 85.77*** (4.28) 

Language Group: BL 3.93*** (1.14) 4.66*** (1.14) 6.31** (2.42) 

Age   -0.01 (0.04) -0.01 (0.04) 

TPVT score   0.11*** (0.01) 0.11*** (0.01) 

SES 2   -0.53 (0.55) -0.53 (0.56) 

SES 3   -1.21* (0.57) -1.08 (0.58) 

SES 4   -1.29* (0.62) -1.22 (0.63) 

SES 5    0.50 (0.63) 0.54 (0.64) 

BL: SES 2     -0.18 (3.53) 

BL: SES 3     -5.53 (3.80) 

BL: SES 4     -2.26 (3.54) 

BL: SES 5     -1.43 (3.34) 

R2 0.003 0.02 0.02 

Note. Standard errors are in parentheses. BL = bilingual, TPVT = Toolbox Picture 

Vocabulary Test, SES= socioeconomic status, *p<.05. **p<.01. ***p<.001. 

 

To understand the effect of SES on language group, an additional predictor of SES 

interaction with the bilingual group was added in the last step. Model 3 in Table 3 showed 

that, typically, SES did not predict BLs’ performance in inhibition. Overall, Model 3 reached 

statistical significance (F (11,3760) = 7.92, p <.001, R2 = .02). When compared with MLs in 

the highest SES, the BLs from the SES 1 (β = 6.31) and SES 2 (β = 6.31 - .53 - .18 = 5.6) 

scored higher on inhibition scores. It was interesting to note that BLs from the lowest SES 

quintile-5 also scored relatively better (β = 6.31 + .54 -1.43 = 5.42) than MLs in the least 

deprived neighbourhoods. The difference in the performance was not significant, though. The 

performance of BLs from the middle SES quintiles did not differ much from their ML peers 

in SES 1 quintile. In sum, the SES and the age of participants did not drive the outcomes for 
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inhibition. The language group and vocabulary scores were better predictors of performance 

in the inhibition task. 

Shifting 

In Table 4, Model 1 showed no effect of language group on the shifting skills of BL 

children (β = 1.16, p = .37), and the overall model did not reach statistical significance (F 

(1,3724) = 0.80, p =.37, R2 = .0002). As presented in Model 2, the age of the participants, 

English receptive vocabulary scores and SES explained 3% of the variability in the shifting 

scores. The overall model was statistically significant (F (7,3686) = 13.78, p <.001, R2 = .03). 

Similar to inhibition, receptive vocabulary scores were a significant predictor of children’s 

performance in the shifting skills (β = 0.14, p <.001), across the language groups. The age of 

the participants had no effect (β = 0.03, p = .55) on shifting skills performance regardless of 

the language group. Regarding SES, Model 2 showed that overall, SES did not affect 

children’s performance in shifting skills regardless of their language background. 
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Table 4 

Multiple Regression Analysis for Shifting Skills by Language Group, Age, TPVT and SES  

Variable NZDep as SES measure 

  Model 1 Model 2 Model 3 

Intercept 99.84*** (0.22) 83.13*** (4.82) 83.02*** (4.83) 

Language group: BL 1.16 (1.30) 2.23 (1.29) 1.95 (2.69) 

Age   0.03 (0.04) 0.03 (0.04) 

TPVT score   0.14*** (0.02) 0.14*** (0.02) 

SES 2   0.06 (0.62) 0.06 (0.63) 

SES 3   -0.95 (0.65) -0.90 (0.65) 

SES 4   -1.46 (0.69) -1.47* (0.71) 

SES 5   -1.05 (0.71) -1.15 (0.73) 

BL: SES 2     0.36 (3.99) 

BL: SES 3     -2.58 (4.23) 

BL: SES 4     0.42 (3.95) 

BL: SES 5     2.29 (3.79) 

R2 0.002 0.03 0.03 

Note. Standard errors are in parentheses. BL = bilingual, TPVT = Toolbox Picture 

Vocabulary Test, SES= socioeconomic status, *p<.05. **p<.01. ***p<.001. 

 

Interaction by SES and language group are presented in Model 3, Table 4. Overall, 

the model was significant (F (11,3682) = 8.88, p <.001, R2 = .03) but explained only 3% of 

the variance in the outcomes for shifting skills. For BL children, SES did not predict 

performance for shifting skills. Compared with MLs in the highest SES, BLs from the most 

deprived SES quintile-5 had higher (β =1.95 - 1.15 + 2.29 = 3.09) shifting abilities, followed 

by BLs in relatively better SES quintile-2 (β = 1.95 + .06 + .36 = 2.37). BLs from the middle 

SES quintile-3 (β = 1.95 - .90 - 2.58 = -1.53) scored relatively lower on shifting than MLs in 

the least deprived SES. However, the differences were noted to be nonsignificant across 

different quintiles. To conclude, none of the predictor variables (age of the participant, SES, 



59 
 

and language group) affected the performance on the shifting skills except for higher scores 

on English receptive vocabulary. 

Updating 

Table 5 presents the multiple regression results for updating skills. Model 1 showed 

that the language group did not predict children’s performance on updating skills (β = 0.86, p 

= .53). Overall, the model did not reach statistical significance (F (1,3700) = 0.37, p = .53, R2 

= .0001). Model 2 was significant (F (7, 3664) = 44.14, p < .001, R2 = .08), with all 

predictors explaining 8% of the variance in updating skills scores. At the individual variable 

level, higher vocabulary scores (β = 0.27, p < .001) and higher age (β = 0.24, p < .001) were 

associated with updating skills making these two variables strong predictors of students’ 

performance irrespective of their language background. Presented in Model 2, the SES effect 

was mixed in different SES quintiles. Children in the middle SES quintiles had lower average 

scores for updating (SES 3: β = -1.36, p <.05; SES 4: β = -1.98, p <.01), whereas children 

from relatively higher and the lowest SES quintiles both achieved higher results. 
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Table 5  

Multiple Regression Analysis for Updating Skills by Language Group, Age, TPVT and SES  

Variable NZDep as SES measure 

  Model 1 Model 2 Model 3 

Intercept 99.22*** (0.24) 47.82*** (5.10) 47.45*** (5.11) 

Language group: BL 0.86 (1.40) 2.64 (1.35) 3.96 (2.84) 

Age   0.24*** (0.05) 0.24*** (0.05) 

TPVT score   0.27*** (0.02) 0.27*** (0.02) 

SES 2   -0.41 (0.66) -0.47 (0.67) 

SES 3   -1.36* (0.68) -1.24 (0.69) 

SES 4   -1.98** (0.73) -1.84* (0.75) 

SES 5   -0.32 (0.76) -0.29 (0.77) 

BL: SES 2     1.95 (4.16) 

BL: SES 3     -4.62 (4.47) 

BL: SES 4     -3.75 (4.17) 

BL: SES 5     -1.10 (4.00) 

R2 0.0001 0.08 0.08 

Note. Standard errors are in parentheses. BL = bilingual, TPVT = Toolbox Picture 

Vocabulary Test, SES= socioeconomic status, *p<.05. **p<.01. ***p<.001. 

 

The interaction predictor variable of SES with the language group is presented in 

Model 3, Table 5. Overall, the model was significant (F (11,3660) = 28.35, p <.001, R2 = 

.08), explaining 8% of the variance in participants’ updating skills. In comparison with MLs 

in the highest SES quintile, BLs from relatively higher SES quintile-2 (β = 3.96 - .47 + 1.95 = 

5.44) performed slightly better in updating skills. However, the difference in the performance 

across groups was not significant. To sum, the age of the participants and their English 

receptive vocabulary scores were strong predictors of updating skills. There was no effect of 

language group (ML or BL) and SES on participants’ performance on updating skills. 
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Chapter 5: Discussion and Conclusion 

Using secondary data from a longitudinal cohort study (GUiNZ), the current study 

explored the association of bilingualism with EFs in children growing up in Aotearoa New 

Zealand. The sample was derived from DCW8 when children were almost 8 years old. NIH 

Toolbox (CB) was administered as part of the main study. Participants were grouped based 

on their language status. Multiple linear regression revealed that BLs performed better than 

MLs in inhibition, whereas there were no group differences noted for shifting and updating 

skills’ performance. In this chapter, the findings for the two research questions are discussed, 

followed by the implications of the present study. The chapter concludes with limitations and 

future research directions. 

Association of Bilingualism with Executive Functions 

The first research question aimed to explore the relationship between bilingualism and 

EFs. Findings revealed that bilingualism was only related to children’s performance in 

inhibition, such that the BLs performed better than MLs in inhibitory control. There were no 

group differences between ML and BL children in shifting and updating skills. The following 

section discusses the findings for each EF with regard to the language status of participants. 

Inhibition 

Findings from the present study show a bilingual effect in inhibition, where BLs 

performed better than MLs. The impact of language status was evident even after accounting 

for the age of the participants, English receptive vocabulary scores and SES background. The 

positive relationship between bilingualism and inhibitory control is supported by previous 

studies with the target age group (Engel de Abreu et al., 2012; Park et al., 2018; Poarch & 

Bialystok, 2015; Zeng et al., 2019). 
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The evidence of improved BL performance in the inhibition task in the present study 

lends some support to the adaptive control hypothesis (Green & Abutalabi, 2013). In the 

current study, the language profile of BLs revealed that BLs mostly spoke in their native 

language at home while their medium of instruction at school was English. This indicates that 

our BL sample most likely operates in a single language context where the two languages are 

used in different contexts (native language at home and English at school). The single 

language context likely activates inhibition of non-target language when the other language is 

in use which, in turn, places higher demands on control processes of interference suppression 

and conflict monitoring. Thus, the enhanced performance of our BL children in inhibitory 

control could be the result of their everyday experience of language selection and inhibition. 

Blom et al. (2017) cited bilingual effects in selective attention task for their highly balanced 

Polish-Dutch immigrant BLs who acquired Polish in the backdrop of the dominant Dutch 

language. However, in the current study, information about language balance was not 

available. 

Our finding of a bilingual effect in inhibition contradicts prior work that has not 

observed such an association (Antón et al., 2014; Mueller Gathercole et al., 2014). Two 

studies are of particular interest because of the similarity of the measures of EFs (NIH 

Toolbox-CB) to the current research. First, Gonzalez (2017) observed better inhibitory 

control for MLs as opposed to BLs. One of the possible reasons for differential findings 

between Gonzalez (2017) and the current study could be the difference in the sample’s age. 

In Gonzalez’s (2017) study, the sample’s age range was wide (5-13 years), and it could be 

difficult to disassociate the effects of language status for younger and older BL children. The 

second relevant study by Dick et al. (2019) noted the effect of bilingual status in the 

inhibition task without covariates. This effect dissipated when bilingual use and bilingual 

degree variables were added to the model. The authors suggested that inconsistent results for 
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bilingualism and the outcomes in EFs could be due to several reasons, including the diversity 

in the linguistic context of BL children, the age of the sample, and that the NIH Toolbox 

(CB) might not be a suitable measure to assess EFs for their sample. The current study 

observed the bilingual effect in inhibition for a similar age group as Dick et al.’s (2019) 

sample using the NIH Toolbox (CB) tests. It could be the difference in bilingual language 

experience that might have contributed to the differential results between the two studies. For 

example, it is unclear at what age the BLs in Dick et al.’s (2019) study began using their two 

languages. In the current study, most BLs are simultaneous or early sequential BLs who have 

been exposed to the two languages as early as 9 months of age. The length and amount of 

exposure might have contributed to the bilingual effect in inhibition performance for our BL 

children. Moreover, in Dick et al.’s (2019) study, the participants were mostly recruited from 

urban settings from 21 different sites across the USA. In their sample, the most frequently 

spoken language reported by BLs was Spanish. The use and exposure of Spanish could vastly 

vary in different cities in the USA, which could have impacted BLs’ language experiences, 

thus influencing the outcomes in EFs. 

It is important to highlight that although BLs outperformed MLs in inhibitory control 

in the current study, the variance explained by the variables of interest was very low (2%). 

Therefore, caution is warranted while interpreting and generalising the findings. The low 

variance accounted for suggests that there are likely variables other than those included in the 

current study that could be responsible for much of the difference in the outcome for 

inhibition. These variables could include the effects of age of acquisition of two languages, 

age of active bilingualism, language proficiency, everyday language use (Kapa & Colombo, 

2013; Luk & Bialystok, 2013), or indeed other variables not relating to language at all. 
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Shifting 

BL children performed as well as MLs in shifting skills. This result supports earlier 

research which failed to observe any bilingual effects in shifting skills (Arizmendi et al., 

2018; Dick et al., 2019; Gonzalez, 2017; Mueller Gathercole et al., 2014; Nicoladis et al., 

2018; Park et al. 2018). 

The first possible reason for the lack of a bilingual effect could be the type of BLs in 

our sample. Most of the participants in the current study were simultaneous or early 

sequential BLs who were exposed to their two languages before the age of 3 years. Few 

studies investigating the association between bilingualism and shifting skills in simultaneous 

and early sequential BLs reported no significant difference between the BLs and MLs 

(Mueller Gathercole et al., 2014; Nicoladis et al., 2018). However, as Nicoladis et al. (2018) 

argued, this explanation seems unlikely because the research with early BLs has also cited 

bilingual effects in mixing (Park et al., 2018) and shifting costs (Crespo et al., 2019) in the 

cognitive flexibility domain. 

A second plausible explanation could be the inadequacy of the task administered to 

assess shifting skills. Similar to the current study, previous research has employed the DCCS 

Test and failed to find a bilingual effect in shifting skills (Dick et al., 2019; Gonzalez, 2017). 

It is argued that the task might be inappropriate for measuring the set-shifting skills of a 

particular sample (Dick et al., 2019). However, this explanation also seems unlikely since 

other studies have found bilingual effects in shifting abilities with the same task with similar 

age participants (Crespo et al., 2019; Park et al., 2018). 

A third and likely possibility for differential results could be the variation in the 

sociolinguistic context of BL children. Crespo et al. (2019) found that BL children presented 

less shifting and mixing costs with an increase in dual language exposure. BLs in their 

sample had different trajectories depending on bilingual experience. For example, some BL 



65 
 

children were exposed to English and Spanish before the age of 3 years, while the rest were 

exposed before formal schooling or acquired Spanish in an immersion program at an 

educational institution. Crespo et al. (2019) noted that as the opportunities for exposure to the 

two languages increased, an advancement in BLs’ language proficiency in both languages 

was observed, which influenced their performance on subcomponents of cognitive flexibility 

(mixing and shifting costs). Arizmendi et al. (2018) made a similar observation when they 

failed to report any bilingual effect in any of the measures of EFs in their proficient English-

Spanish BLs. The authors argued that with more opportunities to interact in two languages, 

the bilingual effects in EFs would likely emerge for their BL participants. As mentioned 

earlier, the BLs in the current study most likely operated in a single language context which 

could limit their experience of using their two languages within the same interaction and may 

have contributed to no bilingual effect in shifting skills. 

Updating 

In the current study, both language groups performed equally well on updating skills. 

This finding is not surprising given that previous studies have reported no significant 

difference between BLs and MLs in working memory skills (Buac et al., 2016; Cockcroft, 

2016; Engle de Abreu, 2011; Park et al., 2018; Rhee-Martin & Bialystok, 2008).  

One of the reasons for the lack of difference between the language groups in updating 

skills could be the type of task administered. There is great variability in the literature 

regarding the tasks employed for updating skills of children. Few studies distinguish between 

short-term memory and working memory tasks, while others differentiate between verbal and 

non-verbal (visuospatial) working memory measures. The present study administered an 

LSWM task which is a form of a verbal working memory task. It required children to hold 

the names of food and/or animals while repeating them in a specific order with increasing 

length and complexity. The task was administered in the English language. On average, the 
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BL participants in the present study had lower English receptive vocabulary than their ML 

peers. The verbal nature of the task may have affected BLs’ performance in the working 

memory task. This explanation is supported by earlier research reporting no significant 

differences between the groups on verbal working memory measures where BLs had lower 

vocabulary levels (Buac et al., 2016; Cockcroft, 2016; Engel de Abreu, 2011; Rhee-Martin & 

Bialystok, 2008). It is important to note that in the current study, BLs performed similarly to 

MLs in working memory measures despite low English vocabulary levels and tasks requiring 

verbal output in English. This finding itself was significant for the BL group when compared 

with an ML reference group which has higher vocabulary skills and better proficiency in the 

English language. It could be argued that a bilingual effect would be more pronounced if non-

verbal measures of working memory were employed as they require minimum language and 

higher central executive demands for BL children. Studies that have employed visuospatial 

working memory tasks have reported bilingual effects (Blom et al., 2014; Calvo & 

Bialystok., 2014; Morales et al., 2013). 

Demographic Factors and Executive Functions 

The second research question examined the effects of SES and the age of the 

participants for the outcomes in EFs. Overall, no significant SES effects were observed for 

the language groups across the three EFs. The age of participants did not predict inhibition 

and shifting scores; however, children’s age was a significant predictor of updating skills. 

Moreover, participants’ vocabulary skills emerged as a strong predictor of their performance 

in the three target EFs. The effects of predictor variables are discussed next. 

Socioeconomic Status 

With regard to SES, there are two notable findings. First, the current study did not 

find any interaction between bilingualism and SES for the three EFs of interest. Similar 
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results have been reported by Calvo and Bialystok (2014), who observed that SES and 

bilingualism affected performance in EFs independently of each other in their study involving 

6-year-old children from both middle- and working-class backgrounds. Children from the 

middle SES quintile performed better than their counterparts living in lower SES quintiles on 

all language and EFs’ tasks; however, BLs scored higher than MLs on EFs (inhibitory control 

and working memory tasks) regardless of their SES. Second, the present study observed a 

bilingual effect in the inhibition scores irrespective of the SES background of BL children. 

This was an important finding in the context of the current study. The BL children in the 

present study were more likely (21.1%) to be from the lowest SES (Q5) compared with 14.8 

% of the ML children. In contrast, ML children were more likely to be from the highest SES 

quintile 1 (25.9%) compared with BL children (20.4 %). Keeping this in mind, regardless of 

SES, bilingualism had a positive effect (in inhibition) or no detrimental effect (in shifting and 

updating) on EFs’ performance for BL children. Earlier research supports our results in 

inhibition, where a bilingual effect on inhibition was noted irrespective of the SES of BL 

participants and for BL children from low SES backgrounds (Calvo & Bialystok, 2014; Engel 

de Abreu et al., 2012). 

As noted earlier, both language groups performed equally well on shifting and 

updating EFs regardless of SES. Buac et al. (2016) reported a similar finding for working 

memory tasks with BLs from low SES. The authors noted that MLs outperformed BLs on the 

short-term memory tasks that required knowledge of English language phonology; however, 

the group differences were not significant in working memory measures that were more 

geared towards the activation of central executive mechanisms, which were less language-

based. 

It is important to consider the implications of the SES measure used in the current 

study. NZDep2013 was employed as the measure of SES, which is an area-level indicator of 
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deprivation as opposed to an individual-level measure. There will be variation in individual 

SES factors within a single NZDep2013 quintile. Therefore, based on NZDep2013, it could 

be difficult to dissociate individual SES factors that might have contributed to BLs’ 

performance in EFs. It is possible that for bilingualism and EFs research, individual-level 

factors such as parental education and household income might be better indicators of SES 

rather than composite indexes such as NZDep2013. It would be useful to investigate 

composite indexes such as NZDep2013 alongside individual SES factors to gain a finer 

understanding of SES related factors that might impact BLs’ outcomes in EFs. 

Age of Participant 

The current study observed an age effect only in updating skills, with older children 

performing better than younger participants, irrespective of the language group. However, the 

difference was not significant. This effect was evident even after using the age-corrected 

scores from the NIH Toolbox (CB) for the analysis. One possible explanation for the age 

effect in updating skills could be the increase in the working memory span with age (Best & 

Miller, 2010; Monnier et al., 2022). For the present study, the sample was aged between 7.9- 

9.75 years. It could be possible that with increasing age, BLs’ ability to retain and process 

information improved. Blom et al. (2014) cited no differences between the language groups 

in updating skills at 5 years of age, but a bilingual effect was noted when BLs were 6 years 

old after SES, age and Dutch vocabulary were controlled. Unlike the current study, Blom et 

al. (2014) noted a bilingual effect in updating skills; however, it was evident only in older 

children. It is important to note that in Blom et al.’s (2014) study, the children were overall 

younger than the sample in the present study. In contrast, Park et al.’s (2018) longitudinal 

study with 8-12-year-old children noted that at both time points, BLs and MLs performed 

equally well in updating and shifting skills. In their study, the performance on the non-verbal 

working memory task was not affected by the increase in age. Within the same sample, the 
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authors reported a bilingual effect in the inhibition scores at the second time point. Taken 

together, it appears that for our sample, age affected the three EFs differently. An age effect 

was noted for children’s working memory but not in their inhibition and shifting skills. It is 

possible that within our sample’s age range, inhibition and shifting skills were more stable 

than updating skills. 

English Receptive Vocabulary Scores 

English receptive vocabulary scores strongly predicted performance across the three 

EFs irrespective of the language group. Overall, BLs in the current study had a significantly 

lower repertoire of English vocabulary. This finding is supported by the literature, with BL 

children typically scoring low in each language (Bialystok et al., 2010; Engel de Abreu et al., 

2012; Michael & Gollan, 2005). However, it is argued that the low vocabulary scores should 

be viewed as a characteristic of being BL rather than a deficiency. Previous studies reported 

the effect of language proficiency on BLs’ performance in EFs (Blom et al., 2017; Buac et 

al., 2016; Crespo et al., 2019; Hartanto et al., 2019). 

Most studies examining EFs and bilingualism controlled for vocabulary scores to 

eliminate the differences between the groups that could be due to the variation in language 

proficiency. The present study also accounted for this variable in the regression models. It is 

important to note that BLs outperformed MLs in inhibition and performed as well as MLs in 

shifting and updating skills despite having low English vocabulary scores and the NIH 

Toolbox (CB) tasks being administered in English. Similar results were noted by Engel de 

Abreu et al. (2012) in inhibitory control (interference suppression task) for their BL 

participants who had low vocabularies in their two languages (Portuguese and 

Luxembourgish), indicating that bilingual effects in inhibition are strong even with relatively 

low language proficiency of BLs in both languages. In the current study, BLs also had a 

smaller vocabulary in English, which was their additional language. However, it is important 
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to mention that the BLs in the present study were not tested for language proficiency in their 

first/native language. 

Implications 

The present study has made an important contribution to the scarce literature on 

bilingual effects in EFs in the Aotearoa New Zealand context. Previous studies in the area 

have focused on adult BLs and reported mixed findings (Mendes, 2015; Waldie et al., 2021). 

The current study examined the bilingual effects on EFs in children, a group that has not been 

researched before in Aotearoa New Zealand in regard to bilingualism and EFs. The current 

study supports the view that bilingualism does not have detrimental effects on the cognitive 

development of BLs. 

The current study contributed to the overall bilingualism discourse in Aotearoa New 

Zealand context. Although fostering bilingualism has been a popular endeavour in the last 

few decades, parents and educators may still have unfounded beliefs about managing two 

languages and its effects on children’s cognitive development. The results from this study can 

help to dispel some of the concerns regarding learning two languages in childhood. Despite 

having lower vocabulary scores, BL children in the current study exhibited a small positive 

bilingual effect in inhibitory control and showed no detrimental bilingual effects in the 

shifting and updating abilities. The study supports the understanding that learning two 

languages does not impede children’s cognitive growth. 

Moreover, bilingualism impacts other aspects of an individual’s life that are beyond 

cognitive gains. People are unlikely to become bilingual specifically for cognitive 

achievements; in fact, any cognitive benefits are a product of the changes in the brain 

structure due to the regular exercise of managing two languages. BLs benefit in social, 

financial, and interactional aspects of their lives. Bilingualism is argued to promote stronger 
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bonds between intergenerational families, contribute to better job prospects, and allow for 

enhanced appreciation of cultural diversity (Si`ilata, 2005; Zelasko & Antunez, 2000). 

In addition, EFs are argued to contribute to improved academic achievement in 

children, particularly in reading and mathematics (Allan et al., 2014; Purpura & Ganley, 

2014; Yeniad et al., 2013). Bilingual experience is one of the life experiences that potentially 

enhances EFs. By this logic, bilingualism should be encouraged for reasons well beyond the 

influence on children’s academic performance. 

Another implication is for the sociolinguistic context in which our BL children 

acquire their two languages in Aotearoa New Zealand. In the present study, most of the BLs 

appeared to have been exposed to their two languages in a single language context. Native 

languages were acquired in private spaces such as the home, and English exposure was at 

school. The influence of the single language context was evident in better inhibitory control 

of BLs in our study. However, the adaptative control hypothesis (Green & Abutalabi, 2013) 

posits that dual language contexts have the highest cognitive demands for the speaker that 

could potentially tap into different cognitive control mechanisms. It is possible that BL 

children in Aotearoa New Zealand might benefit more from their bilingual skills being given 

greater opportunities to speak their two languages in a dual language context. This could only 

be possible if more minority languages enter the public spaces in Aotearoa New Zealand. 

Currently, not all minority languages enjoy the same status (de Bres, 2015) in Aotearoa New 

Zealand. For example, in recognition of its status as the nation’s indigenous language, Te Reo 

Māori is recognised officially; there are efforts to promote Te Reo Māori at a national level, 

and the number of speakers of Te Reo Māori has increased gradually. Pacific languages have 

also emerged in the public sphere recently, and curriculum is offered in some Pacific 

languages. However, other languages are left for the individual families to foster. In such a 

setting, BLs could encounter acculturation stress to assimilate into the dominant culture, 
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which could be detrimental to their native language, especially when BLs find little 

usefulness of their first language and there is not enough official support available to acquire 

and continue to speak their native language (Arizmendi et al., 2018; Cunningham & King, 

2018; Garraffa et al., 2015; Leivada et al., 2021). In contexts where bilingualism is viewed 

positively and the presence of several languages is appreciated and encouraged in wider 

society, BLs may have more opportunities to use their two languages without the need to 

suppress their native language (Arizmendi et al., 2018). 

Limitations and Future Research Directions 

The key limitation of the current study is the operationalisation of bilingualism as a 

categorical variable. The groups were formed based on the parental reports of the number of 

languages spoken by children and their main home language. This dichotomous 

categorisation enabled the author of the current study to explore group differences between 

MLs and BLs but also led to missing out on the variation of the bilingual experience within 

the bilingual group. Bilingual experience is argued to be on a spectrum and could be analysed 

as a multidimensional construct (Luk & Bialystok, 2013) or by analysing bilingualism both as 

a categorical and continuous variable (Kremin & Byers-Heinlein, 2021). The language 

variables for the current study were derived from a large-scale longitudinal study which 

inherited the limitations of using the secondary dataset. For example, GUiNZ gathered 

information about children’s EFs and languages as part of the overall study design and not 

specifically in relation to bilingualism and EFs. Therefore, information regarding other 

critical bilingualism measures were not collected. Hence, the current study is limited in its 

conclusions based on how the main variable of interest was operationalised. Further research 

could address these limitations by analysing bilingualism on a continuum and quantifying the 

bilingual experience in more nuanced ways (De Cat et al., 2018). Bilingual measures such as 

the age of acquisition and the active onset of bilingualism, proficiency, and frequency of use 
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of two languages could provide a better understanding of the diversity of bilingual 

experience. It could also allow researchers to identify different kinds of bilingual experiences 

that potentially influence EFs. 

Research has shown that bilingualism affects the sub-components of EFs differently 

(Crespo et al., 2019; Engel de Abreu et al., 2012; Park et al., 2018). These differences in the 

performance of EF sub-components of EFs are usually analysed by measuring the 

performance on each trial type for accuracy and reaction time, allowing researchers to derive 

different types of scores. For example, Crespo et al. (2019) administered the DCCS task and 

analysed the accuracy cost indices and reaction time cost indices for the three subcomponents 

of cognitive flexibility (shifting, switching, and mixing costs). Based on the reaction time and 

accuracy indices, the authors noted significant performance costs for shifting and mixing 

skills but not in switching skills, where BL children’s performance slowed in post-switch 

trials. Moreover, a decrease in performance costs was observed in shifting and mixing skills 

with an increase in dual language exposure. The authors could differentiate between the 

performance in different subcomponents of cognitive flexibility because they gathered 

information on the accuracy and reaction times for each trial type for various subcomponents. 

In the case of the current study, bilingual experience may have impacted some of the sub-

components of inhibition or shifting skills for the BL children, but due to the lack of 

information on the individual aspects of the tasks (accuracy vs reaction time), the current 

study could not draw such conclusions. The NIH Toolbox (CB) provides a composite score 

for Flanker Inhibitory Control and Attention Test and DCCS Test based on the accuracy and 

reaction time. Future research could focus on providing a more detailed examination of how 

sub-components of each EF are affected by bilingualism. It would be useful for researchers to 

employ tools that can provide separate scores for accuracy, reaction times, shifting, 
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switching, and mixing costs on different measures of EFs to gain a finer understanding of the 

relationship between bilingualism and the various cognitive mechanisms underlying each EF. 

Bilingualism is argued to be a lifelong experience and examining the effects of being 

bilingual longitudinally can be insightful (Woumans et al., 2015). Most studies employ a 

cross-sectional design, such as the current study, which presents a snapshot of the current 

state of BLs’ performance at any given age point. This study used the dataset from DCW8 

only when the NIH Toolbox (CB) was administered. Since GUiNZ has a longitudinal design, 

it will be possible to explore bilingual effects with the same sample at different time points in 

the future. It could allow researchers to view bilingualism on the spectrum and make 

assertions regarding the bilingual effects over time. 

An additional limitation was related to the missing data. Missing value analysis 

revealed that BLs were twice as likely as MLs to not complete the NIH Toolbox (CB) tasks. 

The higher rate of non-completion in the bilingual group indicated a non-random pattern. One 

of the possible reasons could be that the language of the test (English) may have influenced 

BLs’ participation. Although it is common for the measures of EFs to be administered in 

English, it could be possible that parents of BL children might have feared that their children 

could not comprehend the tasks and would perform poorly and therefore refused to 

participate. It is also plausible that BLs have attempted some of the tasks and discontinued 

them after facing difficulty responding due to higher language demands. 

Conclusion 

The current study revealed a small bilingual effect in inhibitory control in favour of 

BLs and found no detrimental bilingual effects on shifting and updating skills for BLs who 

were on average, 7-9 years old and acquired their native language mostly in private spaces 

while living in a predominantly English language context. This thesis provides an example of 

the positive bilingual effects in one of the EFs (inhibition) and calls for further investigation 
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into the nuances of the bilingual experience for BLs growing up in Aotearoa New Zealand 

that could impact their cognitive development. 

On a broader level, the relationship between bilingualism and the Aotearoa New 

Zealand context is complex. On the one hand, Aotearoa New Zealand has recognised its 

indigenous language as an official language and put efforts and resources into promoting Te 

Reo Māori, which are positive steps. These initiatives also indicate an acceptance of 

bilingualism as an ideology. However, there is a fear of the extinction of Te Reo Māori in the 

long term, and more targeted efforts are needed for its restoration (Barrett-Walker et al., 

2020). Nevertheless, there are other immigrant languages in Aotearoa New Zealand, that also 

need support. Statistics from the 2018 census reported 191 minority languages being spoken 

across the country, depicting a linguistically diverse picture of Aotearoa New Zealand. These 

minority languages play a critical role in the bilingual language experience of our young BL 

children. These languages are a part of the regular interactions of our BLs, although in a 

limited capacity (Turnbull, 2018); therefore, their significance cannot be undermined. In fact, 

there is a need to expand the notion of bilingualism to all the languages spoken by diverse 

groups so that appropriate support can be provided to nurture bilingualism for all minority 

languages, thus making Aotearoa New Zealand a truly bilingual country that is open to 

linguistic diversity as a society that views bilingualism as an asset. 
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