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Abstract

The present thesis provides a comprehensive assessment of Greek-English bilingual children’s
language and literacy skills in both languages as well as their cognitive abilities. Moreover,
patterns of predictors of word reading and reading comprehension are compared between
monolinguals and bilinguals, and across the two languages. Different indices of biliteracy were
calculated to assess their predictive validity with regard to oral language and executive function
skills. Results showed clear bilingual profile effects which were more pronounced in the
minority language Greek. Vocabulary was found to be the greatest challenge for bilinguals, and
the results showed that vocabulary affected performance on most other oral language and
literacy measures. Notably, the bilingual children performed on a par with the monolinguals in
measures of basic literacy skills in the majority language English, and only showed a small gap
in reading comprehension. The analyses further showed that the pattern of predictors of reading
performance was highly similar across groups and languages. However, differences emerged in
the relative contributions of the underlying skills in that verbal WM was a better predictor of
word reading in the bilinguals, while RAN was a better predictor in the two monolingual
groups. Thus, the findings point to the possibility that the bilingual children are able to
compensate for their lower vocabulary skills by relying more on their verbal working memory
to perform at monolingual levels on basic literacy measures in the majority language. In
addition, there was evidence that biliteracy is associated with better performance on tasks
tapping working memory and updating, while there was no indication of positive effects of
biliteracy on oral language skills in either language. Taken together, the results underscore the
pivotal role of vocabulary for performance on oral language and literacy measures, and point to

the benefits of developing literacy in the minority language.
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CHAPTER 1-INTRODUCTION

1.1 Background
Given the ever-growing globalization and immigration, bilingualism remains one of the key
areas of psycholinguistic research in the 21 century. Consequently, a large body of research has
looked at the effects of growing up bilingually on children’s linguistic and cognitive
development (e.g., Barac & Bialystok, 2012; Bialystok, 2001). While early studies on dual
language development have mainly focused on potentially vulnerable areas, such as language
outcomes and intelligence (e.g., Darcy, 1953; Jensen, 1962), later studies have also investigated
the possible benefits of bilingualism (e.g., Bialystok, 2011). For example, Bialystok and her lab
have produced and inspired a series of studies that point to a bilingual advantage in non-verbal
cognitive processing starting from early childhood (e.g., Kovacs & Mehler, 2009; Sebastian-
Gallés, Albareda-Castellot, Weikum & Werker, 2012) and extending into old age (Bialystok,
Craik & Freedman, 2007; Craik, Bialystok & Freedman, 2010). However, the findings from this
strand of research have recently been criticized on several grounds (Paap & Greenberg, 2013;
Paap, Johnson & Sawi, 2015) and there are still factors interacting with bilingualism that remain
underexplored. Because bilingualism is such a far-reaching experience that tends to transcend
nearly all aspects of everyday life, levels of proficiency in the two languages are affected by a
multitude of factors. One of the factors that has consistently been under investigation is
educational setting. Given that children spend a considerable amount of their childhood in
school, the language of instruction has important consequences for the children’s linguistic
input and ultimately their levels of proficiency. In fact, effects of educational setting can be
quite extensive leading to a switch in the children’s dominant language and sometimes even
language attrition in the minority language. Imagine a scenario of a child who has been born in
Greece to two Greek-speaking parents moving to the UK shortly after. The parents only speak
Greek at home and the child is only minimally exposed to English until s/he enters school.
Hence upon school entry, the child’s dominant language is Greek with English being the weaker
language of the two. However, over the years the child’s use of English will increase which
eventually results in a shift where English becomes the language the child feels more
comfortable with, and Greek becomes the weaker language. The decrease in the everyday use of
Greek is often accompanied by language attrition, i.e., there is a decrease in proficiency in
Greek. Note that this state may only be temporary so that after a certain amount of time spent in
Greece, the dominance may shift back and Greek becomes again the stronger language.

In order to prevent such extreme changes in language dominance and more importantly
language attrition, maintaining language support in the minority language during childhood is
paramount. This is increasingly been recognized and some schools have started to incorporate

native language support into the curriculum. However, native language support at regular



primary schools is not always feasible due to the large number of different languages spoken by
the dual language children. A partial solution to this is provided by Saturday schools (also
called Heritage Language schools) where children receive a few hours of additional instruction
in the minority language. Saturday language schools not only offer the children additional
language input, but they also enable the child to acquire literacy skills in the minority language.
This in turn has important ramifications on proficiency levels and the maintenance of native
language skills. The reason for this is that literacy provides an additional level of representation
of the language in the brain because in addition to the phonological representation of words,
they also come to be represented in their orthographic form. According to the lexical quality
hypothesis (Perfetti & Hart, 2002), this leads to more stable and higher quality representations
of lexical entries that are more resistant to ‘forgetting’ than entries for which there is only a
phonological representation. As such, literacy can be seen as a remedy for language attrition.
From an educational viewpoint, the performance of children whose first language is not
the language of instruction has attracted particular attention. This is because numerous
investigations, such as the PISA studies, have pointed to lower educational outcomes of children
and adolescents who grow up bilingually (OECD, 2010; Stanat & Christensen, 2006). Literacy
and reading comprehension in particular, have been shown to be most vulnerable in these
learners with many failing to achieve monolingual levels even after many years of schooling in
the majority language. Unfortunately, these reports generalize over the whole population of dual
language learners, thereby, failing to take into account crucial differences in terms of social
background, and native language use and support among this group of children. More
specifically, these studies do not distinguish between different types of language learners and
typically lack information on the bilingual children’s proficiency levels in the other (i.e.,
minority) language. Focusing on the educational context in England, there is a substantial
number of dual language learners in primary school classrooms which was estimated to be
nearly 20% in 2015 (DfE, 2015). As a result, there is a growing body of research looking at
literacy development of bilingual children. Although the main concern for the majority of these
studies is to identify differences and similarities between monolingual and bilingual literacy
development, more recent studies have come to look at the possibility of cross-linguistic
transfer of underlying skills. Cummins (1978; 1991) proposed the notion of a common
underlying language proficiency (CUP) which subsumes a range of skills that underlie language
and literacy development. Crucially, the skills that are part of CUP are not specific to a given
language which means that knowledge and skills that are acquired in one language can be
transferred for application in another language. The primary examples from the literature are
skills, such as phonological and morphological awareness (e.g., Pasquarella, Chen, Lam, Luo &
Ramirez, 2011; Verhoeven, 2007). Thus, bilingualism confers an advantage in that speakers can

transfer certain skills from one language to the other language without having to learn them



from scratch. For example, children who have acquired literacy in one language can use some of
the underlying skills (e.g., phonological awareness) for the development of reading skills in
another language. Numerous studies have provided evidence for the contribution of various L1
skills to L2 literacy (Durgunoglu, 2002; Proctor, August, Carlo & Snow, 2006; Verhoeven,
1994). Despite the many studies that have investigated literacy development in bilingual
children, only few have tried to provide a complete picture of the children’s abilities in the two
languages. In most studies, the focus is on outcomes in one language only (typically the
majority language), while language skills in the ‘other language’ are not assessed in great detail.
Consequently, there is a dearth of research on biliteracy in bilinguals that aim at a
comprehensive assessment of language and literacy skills in both languages. This thesis is a
small step towards filling this gap by providing a detailed description of the bilingual children’s
linguistic and cognitive profiles, as well as their literacy skills in both of their languages,
English and Greek. The literacy measures obtained in the two languages made it possible to
calculate a biliteracy index which could then be used to predict oral language and cognitive
skills. Moreover, the wide range of measures obtained within this study offers the opportunity to
investigate the relationships between the various skills within each language of the bilinguals.
Finally, the results of the present study have implications for fostering literacy skills in the

minority language of bilinguals.

1.2 Thesis objectives & overview

The thesis consists of one large study that included three groups of school-aged children,
namely Greek-English bilinguals, English monolinguals and Greek monolinguals. The primary
focus is on bilingual children, while the monolingual children merely serve as a reference point
to put the bilingual children’s performances into a broader context. The first aim of the thesis is
to provide a comprehensive overview of the bilingual children’s language and literacy skills in
their two languages, as well as their cognitive abilities. The focus is on children from Year 3-6
at primary school, as this has been shown to be an important stage in their literacy development.
The study did not include children from lower grades (Year 1-2) because it was reasoned that
their literacy skills in the minority language Greek would be too low, thus preventing them from
completing some of the more difficult tasks. The various language and literacy measures were
selected and designed to be as similar as possible across languages in order to provide
maximum comparability. Identifying bilingual children’s strengths and weaknesses is important
as it points to ways in which educators and parents can support the children’s language and
literacy development in the two languages, which in turn, will also have ramifications for their

academic achievement. Moreover, comparing and correlating the bilingual children’s



performances across the two languages indicates which areas or skills might be prone to
crosslinguistic transfer.

The second objective of the study is to examine the predictors of word reading and
reading comprehension in Greek and English. Many studies have looked at the relationships
between oral skills, cognitive abilities and reading development in monolingual and bilingual
children. Although these studies have been highly informative for theories of reading
acquisition, there are still many conflicting findings and inconsistencies across studies that
warrant further investigation. With regard to literacy development in bilingual children, most
research has focused on reading outcomes in one language only, typically the majority
language. The present study examines the predictors of reading skills across two languages and
in two different groups of learners at the same time. Thus, the effects of orthographic
transparency and language status (monolingual vs. bilingual) on predictors of reading can be
investigated simultaneously. Moreover, the study sought to validate existent theories of reading
processes as well as to explore the possible influence of less well-studied skills. The results are
useful to educators and language therapists, as they indicate which underlying skills should
receive more focus in intervention programs designed for struggling readers, but also in the
classroom more generally.

The third aim was to look at the relationship between oral language skills and levels of
biliteracy. The importance of oral language skills in literacy development is well established,
however, little attention has been paid to the possible contribution of literacy to oral language
skills. Although most researchers agree that the relationship is likely to be reciprocal, only few
studies have sought to provide evidence for the bi-directional influence of the two skill sets
underlying oral language and literacy. Literacy and more specifically reading comprehension, is
often described as a ‘higher-order’ skill meaning that it involves complex interactions among
numerous sub-skills. Because reading is such an intricate process, it is likely that some of the
underlying skills are relatively language independent, and thus, transferable across the two
languages in bilinguals. Moreover, these underlying skills might be relevant for performance on
tasks measuring oral language, too. In the current study, this idea is explored by looking at the
predictive value of different indices of biliteracy for a number of measures of oral language
skills in the two languages.

Finally, the fourth objective of the thesis is to shed further light on the debate about
possible cognitive advantages conferred by bilingualism. A long line of research has provided
evidence for the cognitive benefits of bilingualism but, this body of research has recently been
called into question and several researchers have pointed out the inconsistencies and
shortcomings of this work. One of the main flaws of many of these studies is that bilingualism
is treated as a binary variable and that the criteria for being classified as bilingual vary from

study to study. Even when bilingualism is treated as a continuum, there are aspects of the



bilingual experience which have not been taken into consideration as yet when exploring
cognitive benefits of bilingualism. One of the aspects of bilingualism that has been neglected so
far is literacy and more specifically levels of biliteracy. In a nutshell, if bilingualism confers
cognitive advantages and these advantages emerge only at higher levels of bilingualism (i.e.,
higher levels of proficiency in both languages), then bilinguals who are also reasonably
biliterate are hypothesized to show even greater benefits. The present study is the first to
explore this idea by using different biliteracy indices to predict performance on executive
function tasks.

The remaining part of chapter 1 provides the literature reviews regarding the key topics
of the present thesis, including the main factors that influence bilingual language development,
the linguistic and cognitive profiles of bilinguals, as well as literacy development in
monolingual and bilingual children. Chapter 2 presents the methodology starting with a general
overview of the three groups of participants which is followed by a detailed description of the
bilingual children’s profiles drawn on the basis of information obtained via parental
questionnaires. Moreover, chapter 2 introduces the experimental tasks and the various measures
derived from them, as well as the different biliteracy indices that were calculated for the
purpose of this study. The chapter ends with a brief description of the general procedure. The
next four chapters contain the results of the study divided according to the main research
questions. Chapter 3 is concerned with comparisons between the bilingual children and their
monolingual peers in each language. Moreover, the bilingual children’s performance on the
various measures is compared across the two languages. Thus, chapter 3 gives an overview of
the bilingual children’s strengths and weaknesses in each of the two languages. Chapter 4
examines the predictors of reading skills (word decoding and reading comprehension) and
compares the pattern of predictors across groups and languages. Chapter 5 explores the
contribution biliteracy to bilingual children’s oral language skills in Greek and English and
chapter 6 examines possible effects of biliteracy on executive function skills. Finally, the results
from chapters 3-6 are synthesized in the general discussion in chapter 7, followed by the

conclusions.

1.3 The bilingual population

1.3.1 Who is bilingual?

Before delving into the large body of research on bilingualism, it is important to determine who
is referred to as bilingual. Several terms have been used in the literature including: bilinguals
(simultaneous, early successive, late successive), emergent bilinguals, dual language learners,
second language learners (L2 learners) and heritage speakers. The use of different terms to refer
to speakers of two languages reflects the vast heterogeneity that exists within the bilingual

population. In the past, bilingualism used to be quite narrowly defined as native-like proficiency



in two languages. However, over the years, researchers came to realize that speakers with
equally native-like command of two languages across domains are virtually non-existent
(Grosjean, 1982). More recently, a wider definition of bilingualism has been adopted that
encompasses speakers of various levels of competence in their two languages which might also
differ across domains (e.g., conversational vs. academic language skills; oral language vs.
literacy skills). Consequently, the term ‘dominant’ is commonly used to refer to the language in
which a bilingual speaker exhibits higher levels of proficiency, while the terms ‘non-dominant’
or ‘weak’ are used to refer to the language that is associated with lower levels of proficiency.
Note that these terms are used in a relativistic sense with reference to the other language, so that
a speaker can have a ‘dominant’ and a ‘non-dominant’ language, despite having overall very
high or very low levels of proficiency in both languages. Because proficiency tends to be a
rather subjective measure that heavily depends on the communicative context and the way it is
assessed, frequency in terms of how often a bilingual speaker uses his two languages on a daily-
basis is often taken as supporting information to determine levels of bilingualism.

Although bilinguals are sometimes still categorized into subtypes — mainly for
descriptive and theoretical purposes — the view that bilingualism is best conceptualized as a
continuum of language proficiency and use has become increasingly popular. This is also the
approach adopted in the present study. Thus, the current bilingual sample included children of
Greek descent born in the UK (typically referred to as heritage speakers), children with one
English-speaking parent and one Greek-speaking parent (simultaneous bilinguals), children of
Greek-speaking parents who moved to the UK during the first years of their life (early
successive bilinguals) as well as children from Greek-speaking parents who moved to the UK
sometime during (later) childhood (child L2 learners or late successive bilinguals). Hence, what
these children have in common is that they are exposed to two languages (English and Greek)
on a daily basis (albeit to varying degrees) and that they receive naturalistic input in both

languages which distinguishes them from typical foreign language learners®.

1.3.2 Internal and external factors in bilingual language development

Bilingualism is characterized by high levels of heterogeneity and many factors have been
proposed to account for these individual differences. A frequent distinction is made between
internal and external factors. Internal factors refer to things that are inherent to the learner such
as cognitive maturity, language aptitude (e.g., working memory skills, analytic reasoning),

previous language learning experience (i.e., knowledge of an L1), motivation and the like.

! Foreign language learners acquire language skills in a second language other than their mother tongue
through explicit instruction typically later in life (late childhood or adulthood). Note however, that
someone who starts as a foreign language learner may potentially become a bilingual speaker later on in
life provided he/she has received additional naturalistic language input in that language and uses both
languages on a daily basis.



External factors, on the other hand, are things that are imposed by the learner’s environment, in
the broader sense, and which determine the quantity and quality of language input that he/she
receives in each language (Paradis, 2011). The influence of these factors on bilingual language
development has been well documented across different ages and languages. One of the internal
factors that has attracted a lot of attention because of its theoretical implications is age of
acquisition of the L2, as it determines the cognitive maturity of the learner. The findings from
this strand of research suggest that earlier age of acquisition is associated with more native-like
outcomes in domains such as phonology and morphosyntax in the long term (e.g. Johnson &
Newport, 1989; Meisel, 2009). On the other hand, older learners can benefit from their
cognitive maturity which can lead to faster rates of acquisition as reported, for instance, by
Golberg, Paradis and Crago (2008) for the domain of vocabulary. Previous language learning
experience in terms of existing knowledge of an L1 is another child-internal factor that has been
studied extensively, especially in the context of transfer (Chondrogianni & Vasi¢, 2016). In the
relevant literature, it has been argued that certain conditions need to be met in order for cross-
linguistic influence or transfer to occur (Hulk & Miller, 2000). For example, the two languages
need to present some sort of overlap or structural similarity, although the conflicting findings
across studies suggest that similarity between the language systems is not sufficient in
explaining the presence or absence of cross-linguistic effects (e.g., Blom, Paradis & Duncan,
2012; Cornips, van der Hoek & Verwer, 2006). Thus, the influence of previous knowledge of an
L1 on language development in the L2 is mediated by language-specific properties (among
other things), which illustrates the interaction of internal and external factors in bilingual
language development.

With regard to other external or environmental factors, amount of input to the two
languages has been shown to be a key source of variability in children’s language learning
experience (e.g., Blom, 2010; De Houwer, 2007; Pearson, Fernandez, Lewedeg & Oller, 1997).
Input quantity is difficult to measure as exposure patterns are prone to change across time.
Nevertheless, researchers have come a long way in developing questionnaires that provide
comprehensive measures of input based on current and previous patterns of exposure to the two
languages (Paradis, 2011; Unsworth, 2013). Input effects have been consistently reported for
language development in a variety of domains, most notably vocabulary and morphosyntax,
especially in terms of rate of acquisition (e.g., Hoff et al., 2012). However, input seems to
interact with language dominance as some studies have failed to find input effects in the
dominant language of bilinguals (Blom et al., 2012; Golberg et al., 2008). Besides quantity of
input, there is a growing number of studies investigating the role of quality of input. For
example, Place and Hoff (2011) found that percentage of English input provided by native
speakers was positively related with English language skills in 2-year-old Spanish-English

bilinguals. Similarly, there is evidence for negative effects of non-native input on bilingual



children’s language development that may possibly lead to fossilization (Cornips et al., 2006).
Moreover, socioeconomic status (SES) — typically indexed by maternal education levels — has
been shown to affect language development in monolingual (Hoff, 2006) and bilingual children
alike (Golberg et al., 2008). This is because SES is linked to the quality of the input parents
provide to their children so that parents in low SES families tend to exhibit lower levels of
education and literacy, and thus, tend to use simpler and less decontextualized language than
parents with higher SES (Rowe, 2012). Related to both input quantity and quality is the
language of schooling. Overall, research in this area points to the effectiveness of bilingual
programs on children’s language and literacy outcomes by supporting the maintenance of the
bilingual children’s minority language without compromising language development in the

majority language (Baker, Basaraba & Polanco, 2016).

1.3.3 Language profiles of bilinguals

The differential effects of internal and external factors across different language domains are
manifested in the language profiles of bilinguals. One domain that has yielded strong and
persistent effects of bilingualism is vocabulary. This finding is commonly attributed to the fact
that bilingual children receive less input than monolingual children in each language which
slows down the rate of lexical development (Oller et al., 2007). Thus, bilingual children
generally exhibit lower lexical skills than their monolingual peers in each language (e.g.,
Bialystok, Luk, Peets & Yang, 2010; Umbel, Pearson, Fernandez & Oller, 1992), although if
both languages are considered, bilingual children tend to have larger conceptual vocabularies
than their monolingual peers (Oller et al., 2007). Quantitative measures of input that have been
linked to vocabulary development include home language use (Gathercole & Thomas, 2009;
Paradis, Nicoladis, Crago & Genesee, 2011), length of exposure (Unsworth, 2008) as well as
literacy-related activities, such as shared book reading and story-telling (Scheele, Leseman &
Mayo, 2010). Moreover, studies have shown that expressive vocabulary seems to be more
affected by bilingualism than receptive vocabulary and that the receptive-expressive gap tends
to be more pronounced in the bilingual children’s weaker language (Gibson, Oller, Jarmulowicz
& Ethington, 2012; Gibson, Pefia & Bedore, 2014). Regarding the latter finding, some studies
have failed to find input effects — as measured by language use in the home — on vocabulary in
the majority language of bilinguals (e.g., Chondrogianni & Marinis, 2011; Golberg et al., 2008).
This is because input in the majority language is mainly provided through the educational
setting, hence the lack of an effect of home language use in the majority language. In line with
this, Chondrogianni and Marinis (2011) found that length of exposure — a slightly different
measure of input — did have an impact on vocabulary skills in the majority language of the
bilinguals. Taken together, the gap in vocabulary between monolingual and bilingual children

constitutes a robust finding, although the particular factors that predict lexical development in



bilinguals may vary as a function of language status (minority vs. majority language) as well as
sample characteristics and the measure used to assess lexical skills.

Studies that have compared morphosyntactic development in monolingual and bilingual
children across different languages have produced mixed findings. For example, Pérez-Leroux,
Pirvulescu and Roberge (2009) found that French-English bilingual children lagged behind their
French monolingual peers in production of direct objects. Similarly, Chondrogianni and Marinis
(2011) showed that the bilinguals scored lower than their monolingual peers on a range of
grammatical structures and phenomena (3" person —s, past tense, articles, wh-questions,
passives), although the particular factors that were associated with bilingual performance
differed across the structures tested. In contrast, earlier findings by Paradis and Genesee (1996)
suggested no differences between monolingual and bilingual children regarding the acquisition
of clausal syntax. It has been argued that the conflicting findings are due to differences in
sample characteristics (i.e., exposure patterns) and structural difficulty of the phenomena under
investigation (Paradis, 2010). Regarding the latter, findings suggest that complex structures
seem to be more affected by the reduced input associated with bilingualism than relatively
simple structures (Chondrogianni & Marinis, 2011). For example, Nicoladis, Palmer and
Marentette (2007) examined bilingual children’s production of regular and irregular past tense
forms in English and French. Results showed that bilinguals were less accurate for both regular
and irregular past tense forms than their monolingual peers, however, the group differences
were more pronounced for irregular forms. Interestingly, the results for French suggested lower
performance on part of the bilinguals for irregular verbs only, while accuracy on regular forms
did not differ from monolinguals. The difference between French and English with regard to
regular past tense forms indicates that the extent to which acquisition of a given grammatical
structure or feature is influenced by bilingualism is highly contingent on language-specific
properties, i.e., how the given structure or feature is realized. To illustrate, grammatical gender
is relatively easy to acquire in languages that provide consistent and abundant morphological
cues that can be associated with the different gender categories. Hence, monolingual and
bilingual children show comparable rates of acquisition of grammatical gender in languages like
Italian (Kupisch, Miller & Cantone, 2002). In contrast, the acquisition of the same grammatical
phenomenon in a language with sparse and inconsistent cues to gender is significantly delayed
in monolinguals and even more so in bilinguals (Unsworth, 2013). Another factor that seems to
affect the size of the difference between monolinguals and bilinguals is amount of exposure.
Several studies have provided evidence that amount of input plays a crucial role in
morphosyntactic development of bilinguals (Blom et al.,, 2012; Bohman, Bedore, Pefia,
Mendez-Perez & Gillam, 2010; Paradis, 2010). Moreover, findings from studies that included
measures from both languages of bilinguals suggest that morphosyntactic development in the

minority language is more likely to be affected by reduced amount of input than



morphosyntactic development in the majority language (e.g., Gathercole & Thomas, 2009;
Gutiérrez—Clellen & Kreiter, 2003). In fact, as with vocabulary, some studies have failed to find
significant differences between monolinguals and bilinguals in the bilingual children’s
dominant language (e.g., Paradis, Nicoladis & Crago, 2007; Thordardottir, 2015), supporting
the claim that bilingual children eventually reach monolingual levels of proficiency in terms of
the acquisition of morphosyntax once they have accumulated a critical mass of input
(Gathercole, 2007). Note that in extreme cases, input effects may conspire with age of onset
effects, resulting in fossilization, where the acquisition of a particular morphosyntactic or
pragmatic phenomenon stagnates before converging on the target grammar (Franceschina, 2005;
Montrul, 2006). However, in most cases bilingualism has been found to influence the rate of
acquisition rather than ultimate outcomes?.

Bilingual profile effects also apply to narrative abilities, whereby some sub-skills are
more influenced by the bilingual experience than others. Oral narratives are typically analysed
on two levels: microstructure and macrostructure (Hughes, McGillivray & Schmidek, 1997;
Liles, Duffy, Merritt & Purcell, 1995). Microstructure is concerned with the linguistic form and
content of narratives at the utterance level (Heilmann, Miller, Nockerts & Dunaway, 2010), and
typically includes measures such as mean length of utterance, productive vocabulary, and
lexical diversity, among others. Macrostructure (story grammar and episode structure) refers to
the more global features of narratives that go beyond the utterance level, and reflects the ability
to narrate a story as a connected whole (Heilmann et al., 2010). Macrostructure is also
concerned with overall coherence and the use of mental state verbs to describe the characters’
intentions and goal-directed behaviour (Gagarina et al., 2012). Previous studies have shown that
both microstructure and macrostructure abilities improve with age from preschool to the early
school years (Mufioz, Gillam, Pefia & Gulley-Faehnle, 2003; Rojas & Iglesias, 2013; Uccelli &
Péez, 2007). Paradis and Kirova (2014) tested 21 child second-language learners of English
(ELL) at the end of preschool on a narrative task, as well as on grammatical and vocabulary
skills. Results for the narrative measures showed that the ELL children approached monolingual
levels on story grammar, while their mean length of utterance was well below monolingual
norms (>1SD). Similar results were reported by Paradis, Schneider and Duncan (2013) who
found that ELL children were more likely to perform within monolingual norms for narrative
macrostructure than for grammatical abilities or receptive vocabulary. The discrepancy in
bilingual performance between micro- and macrostructure measures is readily explained by the
fact that microstructure skills are highly language-specific, and thus, contingent on proficiency
levels, while macrostructure skills are largely language-invariant and render themselves to

crosslinguistic transfer.

> But see Gathercole & Thomas (2009) for evidence that reduced amount of input associated with
bilingualism may lead to incomplete acquisition of plural morphology in Welsh.
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The unevenness of performance by bilinguals across tasks is further evident in the
domain of literacy. For example, in a large-scale study with Spanish-English bilinguals, Oller et
al. (2007) found larger bilingualism effects in the domain of vocabulary than in basic literacy
skills, where children tended to perform within monolingual norms. This ties in with findings
from a meta-analytic review by Melby-Lervag and Lervag (2014), in which group differences
between monolingual and bilingual children were examined with regard to reading
comprehension and its underlying components. The results showed that the gap between groups
was largest for linguistic comprehension skills®, followed by reading comprehension skills,
which showed a moderate effect size, and finally decoding skills, which did not differ from
monolinguals. Moreover, the group differences in reading comprehension between monolingual
and bilingual children were found to decrease with sample age suggesting that bilinguals are
able to “catch up’ over time. In contrast, the group differences in linguistic comprehension skills
were found to be relatively stable across the age range included in the meta-analysis (3;6 to 15;6
years). Note however, that the difference between monolinguals and bilinguals in terms of
linguistic comprehension skills depends to a large degree on the measure used. For example,
D'Angiulli, Siegel and Serra (2001) compared Italian-English bilingual children and English
monolingual children on an oral cloze task and found no significant differences. Westman,
Korkman, Mickos and Byring (2008) also failed to find group differences between Finnish-
Swedish bilinguals and Swedish monolinguals on a task assessing comprehension of
instructions. In contrast, the bilingual children in Droop and Verhoeven’s (2003) study scored
considerably lower on oral language skills in Dutch than their monolingual peers. The group
differences were observed in receptive vocabulary, expressive vocabulary, morphosyntactic
skills, sentence imitation, as well as listening comprehension skills, even when SES was
controlled for. Similar results were obtained in a study by Babayigit (2014), where bilingual
children scored significantly lower on receptive vocabulary, morphosyntactic skills (as
measured by a sentence imitation task), and listening comprehension compared to their English
monolingual peers. Interestingly, the group difference was considerably smaller for listening
comprehension than for vocabulary, confirming that vocabulary is a particularly vulnerable
domain in bilinguals. The claim that listening comprehension is less affected by bilingualism
than vocabulary and morphosyntactic skills is further supported by results from a recent study
by Bowyer-Crane, Fricke, Schaefer, Lervag and Hulme (2017). The authors compared
monolingual and bilingual children on a range of measures across the first two years of formal
schooling. Results showed no group differences for listening comprehension, while the
bilinguals performed significantly lower than the monolinguals on expressive vocabulary and to
a lesser degree also morphosyntactic skills. Finally, the monolingual-bilingual gap in terms of

oral language skills (including vocabulary) appears to persist throughout primary school years,

® Note that the vast majority of the studies included in the meta-analysis used vocabulary as a measure of
linguistic comprehension.
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as differences have been reported in longitudinal designs for children across different grade
levels (Bowyer-Crane et al., 2017; Droop & Verhoeven, 2003; Jean & Geva, 2009; Verhoeven,
2000).

1.3.4 Executive functions & bilingualism

When research on bilingualism was still in its infancy, it was contended that bilingualism has
negative effects on general intelligence (see Diaz, 1983, for review). However, the studies on
which this claim was based had serious methodological flaws — the results were confounded by
SES - and the statement of detrimental effects of bilingualism on intelligence has been refuted
over the years (Darcy, 1953). Nowadays, a large body of research has emerged pointing to a
bilingual advantage in executive function skills (see Adesope, Lavin, Thompson & Ungerleider,
2010; Bialystok, 2017, for reviews). Executive function is an umbrella term that refers to a set
of cognitive processes that are implicated in everyday activities, such as reasoning, planning,
problem solving and multi-tasking, all of which underlie goal-directed behaviour. Within the set
of executive functions, researchers have identified three core constructs: shifting, updating and
inhibition (Miyake et al., 2000). Shifting (also referred to as switching or cognitive flexibility),
is the ability to shift efficiently between multiple operations or mental sets and is typically
assessed with task-switching paradigms or set-shifting tasks (Monsell, 2003). Updating involves
monitoring incoming information in order to revise items in working memory by replacing
information that has become irrelevant with new information and is measured with running span
tasks (e.g., Morris & Jones, 1990). Inhibition refers to the ability to control one’s attention and
to selectively focus on something, while suppressing attention to interfering stimuli. In her
review on executive functions, Diamond (2013) lists several tasks that are commonly used to
tap inhibitory control, including the Stroop task, the Simon task, the Flankers task, antisaccade
tasks, delay-of-gratification tasks, go/no-go tasks, and stop-signal tasks. Miyake et al. (2000)
found that inhibition, shifting and updating are separable constructs, but also share some
underlying commonality which led them to conclude that the EF system is characterized by both
unity and diversity*. Working memory is another component that has been frequently invoked
in the description of the executive function system, although views on how it relates to the other
three components differ (see McCabe, Roediger, McDaniel, Balota & Hambrick, 2010). One of
the most influential accounts of the working memory system proposed by Baddeley and Hitch
(1974) postulates three subcomponents, a central executive and two subsidiary components, one
for the storage of verbal information and one for visual information (see also Baddeley, 2000,

for an updated version of the model). Working memory is assessed with tasks that require both

* Miyake and Friedman (2012) have postulated an updated model of the organization of the executive
function system where the inhibition component is entirely taken up by a common EF component while
the shifting and updating components continue to exhibit variance that cannot be attributed to the
common EF component.
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temporary storage and processing of either verbal or visual stimuli, and is distinguished from
short-term memory which requires storage only.

The central idea behind the claim that bilingualism leads to cognitive advantages has to
do with the joint activation of both languages in the brain which leads to a situation of
continuous conflict (Bialystok, 2017). More specifically, it has been shown that the two
languages of a bilingual are simultaneously activated at any given time (e.g., Blom, Kiintay,
Messer, Verhagen & Leseman, 2014; Costa, Caramazza & Sebastian-Galles, 2000; Kroll, Bobb,
Misra & Guo, 2008; Kroll, Bobb & Wodniecka, 2006; Thierry & Wu, 2007), which requires the
bilingual speaker to constantly inhibit one of the two languages when conversing with
monolingual speakers (Green, 1998). Thus, it has been argued that the need to control attention
to the target language in the face of the activated and competing non-target language lies at the
root of the cognitive advantage of bilinguals (Bialystok, 2008). Crucially, the mechanism that is
responsible for language selection in bilinguals is hypothesized to be domain-general, which
explains why effects of bilingualism can be observed in non-verbal cognition, i.e., executive
function skills (Bialystok, 2017). Turning to experimental evidence for the cognitive advantage
of bilinguals, inhibition is the component that has most frequently been associated with superior
performance of bilinguals compared to monolinguals (e.g., Bialystok, 1999; Bialystok &
Martin, 2004; Bialystok & Viswanathan, 2009; Carlson & Meltzoff, 2008; Poarch & van Hell,
2012). For switching (i.e., shifting), the findings from previous research are more mixed, with
some reporting better performance by bilinguals compared to monolinguals (e.g., Prior &
MacWhinney, 2010; Wiseheart, Viswanathan & Bialystok, 2016), and others failing to find
evidence for a bilingual advantage in task switching (Paap & Greenberg, 2013). One reason for
the conflicting findings might be differences in the task designs that were used to assess
switching abilities, as pointed out by Herndndez, Martin, Barceld and Costa (2013).

According to Bialystok (2008) there is no obvious reason why bilingualism should
affect working memory or updating other than as a by-product of the general enhancement of
the executive control system. Accordingly, there is less research looking at the effects of
bilingualism on these two components. Nevertheless, some studies found bilingual advantages
in these aspects of executive function, too. For example, Morales, Calvo and Bialystok (2013)
tested 5- to 7-year old children on a series of tasks with different demands on working memory.
The results showed a bilingual advantage in visuospatial working memory, particularly in tasks
with higher EF demands (see Blom et al., 2014, for similar results). These findings are in line
with the view that the EF components — although separable — are connected through a common
underlying mechanism, so that enhancement of one component will indirectly lead to
enhancements in the other components (Morales et al., 2013). However, in a recent study,
Blom, Boerma, Bosma, Cornips and Everaert (2017) failed to find evidence for a bilingual

advantage in verbal and visuospatial working memory. Instead, the bilinguals outperformed the
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monolinguals on a task tapping selective attention which is consistent with the hypothesis that it
is not the inhibition component that is primarily affected by bilingualism, but selective attention
(Chung-Fat-Yim, Sorge & Bialystok, 2017). Thus, if it was indeed selective attention that is
directly affected by bilingualism rather than inhibitory control, it would partly explain the
mixed findings for the four components across different studies and tasks.

On the other hand, the results of previous research have been called into question on
several grounds, such as inadequate statistics, small sample sizes and publication bias, among
others (Paap & Greenberg, 2013; Paap et al., 2015; Valian, 2015). It is also widely recognized
that task-impurity is a central problem in the study of executive function skills. Task-impurity
refers to the fact that tasks, which are designed to tap into EF processes, inadvertently implicate
other non-EF processes (e.g., perceptual processing). This and the rather vague definition (and
elusive nature) of executive function skills make it difficult to measure the variables of interest
(Miyake & Friedman, 2012). Nevertheless, a substantial body of research has established a set
of EF tasks that have been consistently related to one of the several component skills. Finally,
differences across studies might also arise due to sampling characteristics and more specifically,
due to differences in bilingual proficiencies across samples in studies that employed a group
design. Thus, the null finding might be explained by insufficient levels of bilingualism since
there is evidence that the positive effects of bilingualism only arise when a certain level of
proficiency has been acquired in both languages (Blom et al., 2017). Consequently, the
relationship between bilingualism and executive function skills warrants further research to

identify specific aspects of the bilingual experience that lead to cognitive advantages.

1.4 Reading development

1.4.1 Word decoding

Numerous studies have investigated the acquisition of decoding skills across different languages
(e.g., Caravolas et al., 2012b; Gottardo, Pasquarella, Chen & Ramirez, 2015; Ziegler et al.,
2010). These studies have shown that the development of decoding skills in alphabetic
languages relies heavily on phonological processing abilities, i.e., phonological awareness,
phonological memory, and rapid automatized naming (e.g., Bradely & Bryant, 1983; Wagner,
Torgesen & Rashotte, 1994). Phonological awareness is the ability to recognize and manipulate
the relevant units in a particular spoken language (syllables, onset-rimes, phonemenes).
Research has shown that phonological awareness is among the best predictors of word reading
skills in alphabetic languages regardless of differences in orthographic consistency (Melby-
Lervag, Lyster & Hulme, 2012). Rapid automatized naming (RAN) refers to the speed of
lexical access in terms of the integration of visual information with stored representations, the

retrieval of phonological labels, as well as the process of articulation (Wolf & Bowers, 1999).
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Importantly, RAN has been shown to be a reliable predictor of reading performance
independently of verbal ability, phonological awareness, and pure processing speed (Bowey,
Storey & Ferguson, 2004; Manis, Seidenberg & Doi, 1999). Further evidence for the importance
of phonological processing skills for reading acquisition comes from studies showing that poor
phonological awareness or naming-speed deficits are the major causes of reading disabilities,
such as dyslexia (Swan & Goswami, 1997; Wolf & Bowers, 1999). However, some researchers
argue that the relative importance of the various phonological processes for literacy acquisition
differs across languages that vary in orthographic transparency. More specifically, phonological
awareness and phonological decoding skills (i.e., the ability to accurately read pseudowords)
have been found to be among the best predictors of word reading skills in languages with
opaque orthographies, such as English, while their contribution in languages with transparent
orthographies seems limited (Georgiou, Parrila & Papadopoulos, 2008; Jong & Leij, 1999;
Smythe et al., 2008). In contrast, there is evidence that RAN shows stronger associations with
word reading skills in transparent orthographies, like German, compared to opaque
orthographies like English (Landerl & Wimmer, 2008; Wimmer, 1993). These findings are
inconsistent with some recent studies, where the relative contributions of reading subskills were
found to be the same across languages that differ in orthographic consistency (e.g., Caravolas et
al., 2012b; Furnes & Samuelsson, 2011; Patel, Snowling & de Jong, 2004; Ziegler et al., 2010).
Georgiou et al. (2008) argued that the mixed findings are likely due to the specific tasks used to
measure phonological skills, as well as reading ability (accuracy vs. fluency). Moreover, there is
evidence that the relationship between different apects of phonologocal skills (e.g.,
phonological awarenss, RAN) and reading changes throughout development. For example,
Kirby, Parrila and Pfeiffer (2003) found that phonological awareness made a strong contribution
to reading accuracy in English in the first grades of schooling with the link continuously
attenuating over the following years. At the same time, their results showed an increase in the
contribution of RAN to reading accuracy across elementary grades, which is taken as an
indication of a change in reading strategy from phonological recoding to automatic sight-word
reading (Vaessen & Blomert, 2010). A number of studies have explored the contribution of
(verbal) working memory skills to word decoding. For example, in a study by Gottardo,
Stanovich and Siegel (1996), verbal working memory predicted a small amount of unique
variance (4.5%), once phonological awareness and syntactic processing skills were accounted
for (see also Christopher et al., 2012). Moreover, commonality analyses revealed that nearly all
of the variance accounted for by working memory was shared with phonological awareness and
syntactic processing. In contrast, phonological awareness uniquely accounted for 15-20% of the
variance in word decoding, suggesting that phonological awareness is a stronger predictor of
word reading skills than verbal working memory. Thus, while researchers agree that

phonological processing abilities play a central role in reading development across languages,
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the relative importance of the various sub-skills may vary as a function of language-specific
properties as well as reading proficiency.

While the role of phonologial processing skills for early literacy is well established,
research has identified several other predictors of basic reading skills. For example, functional
awareness or knowledge of print concepts and oral language have consistently been linked to
reading outcomes across early grades in school (Scarborough, Shapiro, Accardo & Capute,
1998). According to Kirby, Desrochers, Roth and Lai (2008), vocabulary is related to reading
ability in at least two ways. At the level of reading comprehension, readers need to be able to
access the meaning of the majority of words in order to understand the text. At the level of
decoding, vocabulary knowledge speeds up the word recognition process by allowing the reader
to access orthographic represenations directly (i.e., holistically) without having to apply the
grapheme-to-phoneme correspodence rules to each letter individually. In line with this, several
studies have found relationships between expressive vocabulary and word reading performance
(Chiappe , Chiappe & Gottardo, 2004; Ouellette, 2006). For example, Nation and Snowling
(2004) showed that expressive vocabulary and broader language skills (i.e., listening
comprehension and semantic skills) predicted word decoding both concurrently and
longitudinally over and above non-verbal ability, phonological awareness, and non-word
reading. In contrast, in a study by Muter, Hulme, Snowling and Stevenson (2004), vocabulary
did not predict word reading in first grade (see also Schatschneider, Fletcher, Francis, Carlson &
Foorman, 2004). Moreover, Ricketts, Nation and Bishop (2007) argued that vocabulary is only
related to exception word reading since their data did not show any effects of lexical skills on
text reading accuracy or regular word reading in English. Given the mixed findings from
previous research, the nature of the relationship between vocabulary and word reading remains
unclear. It is possible that the impact of vocabulary on word reading only emerges at later stages
and that word reading during initial stages is largely dependent on phonological skills (Ouellette
& Beers, 2010). However, this is at odds with findings from more transparent languages, like
Dutch, since Verhoeven, van Leeuwe and Vermeer (2011) found that vocabulary made a small
contribution to word reading skills in Dutch, but only in the lower grades. Verhoeven et al.
(2011) came to the tentative conclusion that vocabulary might be less important for the
development of word reading skills in languages with transparent orthographies (Suggate,
Reese, Lenhard & Schneider, 2014; Ziegler & Goswami, 2005). Finally, there is evidence that
some executive function skills (other than working memory) contribute to word decoding, too
(Altemeier, Abbott & Berninger, 2008; Arrington, Kulesz, Francis, Fletcher & Barnes, 2014;
Messer, Henry & Nash, 2016).

1.4.2 The Simple View of Reading and beyond
The ability to comprehend written text is the key to academic achievement. It is therefore not

surprising that reading comprehension has attracted so much attention among educators and
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researchers alike. Reading comprehension is central to academic achievement, since much of
the learning process in nearly all school-subjects depends on successful comprehension of
written text. Unlike oral language skills, literacy is something that needs to be taught explicitly.
Being such an intricate and multi-faceted process, understanding the various skills that
contribute to reading comprehension is paramount to inform teaching practices. Essentially,
reading comprehension requires the ability to decode written text and knowledge of the words’
meanings. This basic description of the reading process is captured in the Simple View of
Reading (SVR; Gough & Tunmer, 1986; Hoover & Gough, 1990), which is one of the most
influential theoretical accounts of reading comprehension to date. The SVR states that reading
comprehension is the product of decoding and linguistic comprehension, whereby both of the
skills are necessary but neither is sufficient on their own for successful reading comprehension
(Joshi & Aaron, 2000b). Consequently, reading comprehension is compromised in readers with
a deficit in either decoding skills or linguistic comprehension, or both (Catts, Adlof & Weismer,
2006). In addition, research that sought to validate the SVR has revealed a developmental shift
in terms of the relative contributions of these two basic component skills to reading
comprehension as a function of text difficulty (e.g., Catts, Hogan & Adlof, 2005; Gough,
Hoover & Peterson, 1996). This is readily explained by the fact that the written texts, that
children are faced with in the lower primary grades, contain relatively basic language since the
purpose of reading instruction during early stages is primarily to improve reading fluency. In
contrast, the main goal of reading in the upper grades of primary school is to acquire content
knowledge in the different subject areas®. At this stage, children have developed adequate word
reading skills and individual differences in decoding abilities have levelled out, leaving little
variation at the group level. As a result, the contribution of word reading skills to reading
comprehension diminishes, while the influence of oral language skills increases because of the
large variation in the more advanced language skills required by the written texts children
encounter in the higher grades (Tilstra, McMaster, Van den Broek, Kendeou & Rapp, 2009).
The SVR has proven to be a good starting point to study the development and
underlying processes of reading comprehension. Nevertheless, it is clear that reading is a highly
complex process that involves more than just decoding abilities and listening comprehension
skills. As a result, there have been several attempts to modify the SVR by adding other factors
in order to improve its ability to predict reading comprehension skills. For example, Joshi and
Aaron (2000b) proposed the ‘Componential Model’ of reading comprehension which extends
the SVR by adding processing speed as an additional component. The model was based on their
results, which showed that processing speed (as measured by rapid serial naming of letters)

accounted for an additional 10% of the total variance in reading comprehension of third-grade

® This difference in the purpose of reading is commonly referred to as a transition from ‘learning to read’
to ‘reading to learn’.
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children. Thus, the inclusion of naming speed led to a significant improvement in the predictive
ability of the original SVR. However, in a subsequent study, Johnston and Kirby (2006) found
that naming speed (as measured by a RAN with objects task) only made a small contribution to
reading comprehension over and above decoding and listening comprehension in grades 3 to 5.
The authors concluded that naming speed contributes to reading comprehension primarily
through word reading (i.e., lexical access) and hypothesized that the relatively small effect of
naming speed compared to that reported by Joshi and Aaron (2000b) might be due to the fact
that letter-naming bares a much closer relationship to reading than object-naming (see Manis,
Doi & Bhadha, 2000). Related to processing or naming speed, other researchers have proposed
reading fluency (i.e., reading rate) as an additional component of reading comprehension
(Kershaw & Schatschneider, 2012; Silverman, Speece, Harring & Ritchey, 2013). For example,
Tilstra et al. (2009) showed that reading fluency contributed to reading comprehension in
English over and above decoding and listening comprehension skills. Moreover, it has been
suggested that in the higher primary grades, reading fluency replaces word reading accuracy as
a predictor of reading comprehension (Language & Reading Research, 2015). Other studies
have found significant contributions of verbal working memory to reading comprehension even
after controlling for general cognitive ability, word decoding, and oral language skills (Cain,
Oakhill & Bryant, 2004; Christopher et al., 2012; Wong et al., 2017). In line with this, Nation,
Adams, Bower-Crane and Snowling (1999) found that poor comprehenders tend to have deficits
in verbal working memory. In addition to working memory, other aspects of executive function,
such as planning, sustained attention and attentional control (i.e., inhibition) have also been
associated with reading comprehension (Altemeier et al., 2008; Arrington et al., 2014; Conners,
2009; Sesma, Mahone, Levine, Eason & Cutting, 2009). With regard to metalinguistic skills,
Casalis and Louis-Alexandre (2000) found evidence for an association between morphological
awareness and reading comprehension in a longitudinal study with French primary-school aged
children (see Kirby et al., 2011, for similar results). Finally, reading development in both
monolinguals and bilinguals has also been associated with a particular aspect of oral language
skills, namely narrative abilities (Griffin, Hemphill, Camp & Wolf, 2004; Miller et al., 2006;
Speece, Roth, Cooper & De La Paz, 1999). This is often explained by the fact that oral narration
and written text share some common properties, and thus, require similar underlying skills
(Roth, Speece, Cooper & Paz, 1996). Both involve extended pieces of discourse and are
typically characterized by the use of decontextualized language (i.e., they do not relate to the
immediate environment). Decontextualized discourse is more sophisticated than contextualized
language in that it uses more concise and complex syntax, and contains more specialized and
abstract vocabulary (Roth, Speece & Cooper, 2002). Moreover, it has been argued that
comprehension and production of oral narratives requires certain higher-level cognitive skills

(e.g., recall and integration of relevant information, planning, understanding causal and
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temporal relationships, inferencing, knowledge of story structure, etc.) which have been shown
to promote literacy development (Curenton, Craig & Flanigan, 2008; Reese, Suggate, Long &
Schaughency, 2010)

1.4.3 Reading development in monolingual and bilingual children

Regarding the development of decoding skills, Verhoeven (2000) found that word reading in
Dutch was predicted by the same underlying processes in monolinguals and bilinguals, namely
word blending (an aspect of phonological awareness) and letter knowledge. Geva, Yaghoub-
Zadeh and Schuster (2000) report similar results for English, in that the amount of variance
accounted for by phonological awareness and rapid naming was highly comparable in
monolinguals and bilinguals, suggesting that monolinguals and bilinguals acquire basic literacy
skills in a similar manner (see also Chiappe, Siegel & Wade-Woolley, 2002; but see Jongejan,
Verhoeven & Siegel, 2007, for different results). With regard to the contribution of vocabulary
to word reading in bilinguals, like with monolinguals, studies have yielded mixed findings, with
some showing significant associations between the two skills (Bellocchi, Tobia & Bonifacci,
2017; Lindsey, Manis & Bailey, 2003), and others failing to find evidence for such a link
(Durgunoglu, Nagy & Hancin-Bhatt, 1993; Geva et al., 2000). The contribution of verbal
working memory to word reading observed in monolinguals has been replicated with bilingual
samples too. For example, Geva and Siegel (2000) examined the contribution of memory skills
to word decoding in a sample of primary school-aged children attending an English-Hebrew
day-school in Canada. Children were assessed on both short-term (word recall) and verbal
working memory skills (listening span), as well as on word reading abilities in both languages.
Results showed that working memory was a stable predictor of word reading in both languages,
accounting for 5-6% of the variance after controlling for age differences. Interestingly, the joint
contribution of the memory measures was larger in English (L1) than in Hebrew (L2) which,
according to the authors, is because the inconsistency of the English orthography requires the
reader to process the written input in larger units than just single letters. Age also explained
more variance in English (13%) compared to the minority language Hebrew (5%). Finally,
inspection of the developmental patterns across grade levels revealed effects of orthographic
consistency, in that the rate of acquisition was faster in the relatively transparent vowelized
Hebrew orthography (despite it being the minority language) than in English. Geva and Siegel’s
findings illustrate that the development of early reading skills in bilinguals proceeds faster in
languages with transparent orthographies than in languages with opaque orthographies. This is
consistent with crosslinguistic comparisons of reading development in monolingual children
which show different trajectories depending on orthographic transparency (Seymour, Aro &
Erskine, 2003). Taken together, research suggests that the development of early reading skills in

monolinguals and bilinguals relies on the same set of skills, although the relative importance of
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the underlying components may differ as a function of language-specific properties (Geva &
Wang, 2001).

The view that reading comprehension in monolingual children primarily depends on
word decoding skills and linguistic comprehension is well established and has been confirmed
in numerous studies (e.g., Catts et al., 2006; Chen & Vellutino, 1997; Johnston & Kirby, 2006;
Kendeou, Van den Broek, White & Lynch, 2009; Nation & Snowling, 2004). However, as with
the development of word reading skills, there is evidence for crosslinguistic differences in the
relative contribution of the component skills as a function of orthographic transparency. More
specifically, findings suggest that oral language plays a more prominent role compared to
decoding skills for early literacy development in transparent languages (e.g., de Jong & van der
Leij, 2002), while studies conducted in English typically show that the role of oral skills
gradually increases over the years (e.g., Florit & Cain, 2011). The relationship between word
decoding, oral language skills and reading comprehension has also been established in bilingual
populations (Bonifacci & Tobia, 2017; Hoover & Gough, 1990; Proctor, Carlo, August &
Snow, 2005). However, group comparisons generally show that bilinguals tend to perform
lower on measures of reading comprehension than their monolingual peers (see Melby-Lervag
& Lervag, 2014, for review). A handful of studies have directly compared predictors of reading
comprehension in monolingual and bilingual children. For example, Babayigit (2015) compared
the strength of the relationships between word reading, oral language skills and reading
comprehension in monolingual and bilingual children who were developing literacy in English.
Results showed that the contribution of oral skills to reading comprehension was highly
comparable across groups, although there was a tendency for a stronger link between the two
skills in the bilinguals. Droop and Verhoeven (2003) reported similar results for Dutch, in that
the pattern of predictors was the same in monolinguals and bilinguals, but the oral language
skills played a more prominent role for reading comprehension in the bilinguals compared to the
monolinguals (see also Verhoeven, 2000; Verhoeven & van Leeuwe, 2012). This is line with
results from Proctor et al. (2005) who examined the contributions of the component skills to
reading comprehension in Spanish-English bilingual children and observed particularly strong
associations between English vocabulary knowledge and reading abilities. In their study,
vocabulary assumed both proximal and distal relationships (via decoding) with reading
comprehension, while listening comprehension made a direct contribution only. Thus, previous
research indicates that among oral language skills, vocabulary assumes a particularly crucial
role for the reading development of bilinguals.

Recall that oral language skills, and especially vocabulary, are consistently found to be
more limited in bilingual children’s individual languages than in monolingual children
(Bialystok et al., 2010; Melby-Lervag & Lervag, 2014). However, both phonological awareness

and letter-sound knowledge have been shown to develop very similarly in monolinguals and
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bilinguals and in certain instances, bilinguals show superior phonological awareness abilities
(August & Shanahan, 2006; Bialystok et al., 2005; Bialystok, Majumder & Martin, 2003;
Chiappe, Siegel & Gottardo, 2002). Consequently, the bilingual children’s lower performance
on measures of reading comprehension has been related to limitations in oral language
(Babayigit, 2015; Burgoyne, Whiteley & Hutchinson, 2011; Cobo-Lewis, Eilers, Pearson &
Umbel, 2002a; Lervdg & Aukrust, 2010; Melby-Lervdg & Lervag, 2014). This is because
comprehension of written text is compromised if more than 3% of the words are unknown to the
reader (Carver, 1994). Thus, the larger contribution of oral skills to reading comprehension in
bilinguals suggests that oral proficiency is at least partly responsible for the attested differences
between monolinguals and bilinguals in reading comprehension (Melby-Lervdg & Lervag,
2014). In their meta-analysis, Melby-Lervag and Lervag (2014) further found that a number of
variables moderated the group differences between monolinguals and bilinguals in reading
comprehension and oral skills. For reading comprehension, the type of test used to measure
reading skills reliably explained differences between studies. For oral language skills, group
differences tended to be larger for bilingual children from low socioeconomic backgrounds and
for children who used exclusively the minority language at home. Type of test used was another
reason for the variation across studies with vocabulary consistently yielding larger group effects

than other measures of oral language proficiency.

1.4.4 Biliteracy

Despite the considerable body of research examining reading development in dual language
learners in both monoliterate and biliterate contexts, only a handful of studies have directly
addressed the issue of biliteracy in bilingual children (Reyes, 2012). Biliteracy is the ability to
read and write in two languages and is best viewed as a particular aspect of bilingual
competency (Hornberger, 2003). However, definitions of bilingualism are mainly concerned
with oral skills and only rarely make reference to reading and writing skills in each language.
This might partially explain why the relationship between bilingualism and biliteracy has
remained relatively underexplored. A small number of studies have directly compared
performances of groups of monoliterate and biliterate bilingual children across a range of tasks.
For example, Schwartz, Leikin and Share (2005) compared two groups of Russian-Hebrew
bilingual children — one monoliterate in Hebrew and one biliterate — and monolingual Hebrew
children on a variety of linguistic, metalinguistic and cognitive tasks at the end of the first year
of formal schooling. Initial results showed significant advantages of the biliterate bilinguals
over the other two groups on fluid intelligence, reading fluency measures in Hebrew and
phonological awareness tasks. No group differences emerged for the linguistic tasks in Hebrew
which included receptive vocabulary, working memory and rapid serial naming. However, the

biliterate bilinguals had started literacy instruction (in Russian) earlier than the other two groups
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(in Hebrew), so a follow-up study was conducted that included an additional Hebrew
monolingual group that had acquired basic literacy skills before entering school (Schwartz,
Share, Leikin & Kozminsky, 2007). The comparison between the biliterate bilinguals and the
early-literate Hebrew monolinguals showed that the biliterate bilinguals were superior on 8 out
of the 9 reading measures, although the difference only reached statistical significance for
measures of word and pseudoword reading accuracy. Moreover, the biliterate children
performed better than the monoliterate bilinguals on Russian measures of phonological
awareness, receptive vocabulary, and syntactic awareness. In a later study, Leikin, Schwartz and
Share (2010) further showed that biliteracy is a better predictor of Hebrew literacy than
bilingualism per se®. Taken together, the findings from this set of studies suggest that acquiring
literacy in the minority language is associated with better oral skills in that same language as
well as with benefits for the development of literacy in the majority language, at least during
initial stages. Whether the advantage of biliterate bilinguals over monoliterate bilinguals
extends to later stages of reading development needs to be investigated in future studies.
Another strand of research has examined the effectiveness of bilingual instruction during
primary school years. Generally, results from these studies show that children who are educated
in both languages show better knowledge of the minority language than bilingual children
attending mainstream programmes (i.e., programmes were instruction is provided exclusively in
the majority language such as English-only programmes), while at the same time they perform
at equal levels on language and literacy measures in the majority language (Baker et al., 2016;
Baker et al., 2012). Moreover, bilingual education has been associated with advantages in
executive function skills. For example, Marinis, Bongartz and Tsimpli (under review) found that
bilingual education predicts updating skills, as measured by performance on the 2-back task.
Children who received balanced bilingual education (i.e., roughly equal amounts of instruction
in both languages) outperformed bilinguals who were educated in predominantly one language.
Similarly, Bialystok and Barac (2012) studied metalinguistic and executive function skills in
children attending two different immersion programmes in Canada and found that performance
on the executive control tasks improved as a function of time spent in the immersion
programmes.

Another phenomenon that has received a lot of attention in the literature on bilingualism
and biliteracy is transfer. Biliteracy development is an interesting area to study the
transferability of skills because of the multitude of processes that underlie reading and writing.
A prominent idea within research on transfer is that some language and literacy skills are

underpinned by a central processing system or a common underlying proficiency that is shared

® Note however, that the authors used multiple-regression analysis with non-verbal 1Q as the only control
variable and contrast-coding for bilingualism and biliteracy. Thus, the study suffers from similar
limitations as many previous studies, since bilingualism and biliteracy were treated as binary variables,
thereby eliminating crucial within-group variability.
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across languages (Cummins 1979, 1991). Hence, there are certain literacy concepts and
strategies that are thought to be universal and can thus be applied across languages, while others
are language-specific and do not render themselves to transfer (Durgunoglu, 2002). Support for
the interdependence of skills comes from numerous studies that show significant crosslinguistic
associations for literacy-related abilities, such as phonological and morphological awareness
(e.g., Durgunoglu et al., 1993; Wang, Perfetti & Liu, 2005). Moreover, Verhoeven (1994)
showed that transfer of literacy skills can proceed in either direction (i.e., from L1 to L2 and
from L2 to L1). Notably, findings of crosslinguistic contributions of language and literacy skills
in language A to reading performance in language B are often interpreted as evidence for
positive effects of bilingualism or biliteracy. However, Proctor and Silverman (2011) pointed
out that the interpretation of these crosslinguistic relationships is difficult due to confounds
between within-language predictors and the measures used to index bilingualism or biliteracy.
The problem was illustrated in their study with a sample of Spanish-English bilingual children
from grades 2 to 4 who were attending an English-only primary school, hence, all children were
literate in English. Literacy in Spanish was measured by means of a word reading test so that
children with very limited performance or non-performance on Spanish word reading were
classified as monoliterate, while children who could complete the assessment were classified as
biliterate to varying degrees, depending on their scores. When biliteracy was treated as a
dichotomous variable, the biliterate children outperformed the monoliterate children on Spanish
language and literacy measures, as well as on English literacy measures, but not English
language measures. Treating Spanish decoding as a continuous variable yielded similar results,
in that Spanish decoding (i.e., biliteracy) was a significant predictor of literacy-related skills in
English. A closer look at the correlations between measures revealed that Spanish decoding was
highly correlated with English decoding, which in turn showed substantial correlations with the
English literacy measures that were used as dependent variables. Thus, when English decoding
skills were entered into the analyses, the effects of biliteracy (Spanish decoding) disappeared,
suggesting that English decoding was a better predictor of literacy skills in English than Spanish
decoding. Proctor and Silverman (2011) noted that while it is indeed possible that literacy in
Spanish was responsible for the superior performance of “biliterate’ children on English literacy
measures, it might also be a methodological artefact in that the children classified as ‘biliterate’
were just more skilled at reading in English. The authors argued that Spanish decoding might
not be an accurate reflection of levels of biliteracy, since Spanish and English are fairly similar
in terms of the sound-letter relationships, so that monoliterate children with sufficient oral skills
in Spanish could quite easily figure out how to read the Spanish words and thus, would be
unjustly classified as biliterate. In a later study with a similar sample of Spanish-English
bilingual children, Leider, Proctor, Silverman and Harring (2013) used both word decoding and

reading comprehension in Spanish as an index of biliteracy. Results showed no contributions of
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biliteracy to measures of reading comprehension in English after accounting for age, English
decoding abilities, and English and Spanish language skills. Although biliteracy was determined
by considering both word reading and reading comprehension skills in Spanish, overall literacy
levels in Spanish were very low since none of the children received any academic instruction in
Spanish. Moreover, biliteracy was treated as a categorical variable in the analyses. Thus, the
overall low literacy skills of the bilingual children in Spanish and the use of biliteracy as a
binary variable might have prevented the authors from detecting any significant effects of
biliteracy. Studies, like the ones by Proctor and Silverman (2011) and Leider et al. (2013),
demonstrate the challenge in operationalizing constructs like bilingualism and biliteracy in an
appropriate manner. Hence, future research would benefit from continuous measures of
biliteracy to account for the large within-group variation, as well as from assessments that tap
biliteracy as a single outcome (Proctor & Silverman, 2011). Taken together, the review of the
existing literature suggests that a more systematic investigation of biliteracy might offer further
insights into the interactions between bilingualism, language development, and cognitive

abilities.

1.5 Summary & research questions

Bilinguals comprise a variety of speakers with different language experiences and levels of
proficiency. There are many internal and external factors that influence bilingual language
development and variables related to input and exposure have been shown to be particularly
crucial in determining language outcomes. Moreover, the various internal and external factors
do not affect all linguistic domains to the same degree which leads to bilingual profile effects
where some domains tend to be more vulnerable than others. The general pattern that has
emerged from the relevant research is that vocabulary skills tend to show the largest
bilingualism effects, minimal or no effects are observed for basic literacy skills, and
intermediate effects for linguistic comprehension, morphosyntactic development and reading
comprehension. Moreover, bilingualism interacts with language dominance (i.e., input patterns)
so that the stronger language of bilinguals (typically the majority language) is less influenced by
bilingualism and the reduced amount of input associated with it. For morphosyntactic
development, the impact of bilingualism is further mediated by the structural difficulty with
complex structures being more likely to be delayed in bilingual acquisition than simple
structures. In general, the size of the difference between monolinguals and bilinguals in terms of
oral language skills is highly dependent on the measure used. Asymmetries in bilingual
performance also emerge in the domain of narrative skills, where microstructure measures
appear to be more influenced than macrostructure measures. Unlike morphosyntax, the factor

that determines the size of the effect across different narrative sub-skills is not difficulty, but
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rather to what extent a given measure taps language-specific knowledge or skills. The notion of
bilingual profile effects can also be applied to executive function skills. It has been argued that
bilingualism confers advantages in certain aspects of cognitive control. However, the claim that
bilinguals exhibit superior executive function has recently been challenged due to the highly
inconsistent findings across studies, as well as methodological issues in previous studies. Given
the finding that the linguistic profiles of bilinguals might differ as a function of language status
(minority vs. majority language) and language-specific properties, as well as and the highly
inconsistent results regarding bilingual advantages in executive control, further research is
warranted. The present study sought to add to the existing literature by examining the linguistic
and cognitive profiles in a sample of Greek-English bilingual children residing in the UK. The

first two research questions are:

RQ1: What are the strengths and weaknesses of Greek-English bilingual children in the

domains of language, literacy, and cognition?

RQ2: How does the bilingual children’s performance in the minority language compare

to performance in the majority language?

Research on the development of literacy skills in monolingual and bilingual children
generally supports the Simple View of Reading which postulates decoding skills and linguistic
comprehension as the two basic component skills of reading comprehension. Moreover, there is
a wide consensus that the acquisition of word reading skills in alphabetic languages is heavily
dependent on phonological processing abilities. Nevertheless, studies looking at predictors of
literacy abilities in monolingual and bilingual children have produced inconsistent findings both
within and across languages. Crosslinguistic differences have been typically attributed to the
fact that orthographies vary in the consistency of letter-sound mappings. Another source of
variation between studies is how the particular constructs and skills are measured. Despite the
large body of research investigating reading development in monolingual and bilingual children,
there is a dearth of studies that provide simultaneous comparisons between groups and
languages. The current study addressed this issue by assessing Greek-English bilingual children
on language and literacy measures in both of their languages, as well as by including a

monolingual control group in each language. Hence, the third research question in this study is:

RQ3: What are the predictors of word decoding and reading comprehension skills in

monolingual and bilingual children in English and Greek?
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Many studies have examined the relationship between oral proficiency, cognitive
abilities, and literacy skills in the two languages of bilinguals, but only a handful have tried to
address the possibility of biliteracy effects directly. Because literacy is such a complex
construct, it is not clear how it should best be measured and there is currently no commonly-
used measure of biliteracy. Previous research on biliteracy has mainly focused on crosslinguistic
relationships that would indicate transfer of skills, but only few have looked at how
accumulating literacy skills in two languages might foster oral language or literacy skills — and
these have typically used group designs, i.e., monoliterate vs. biliterate bilinguals. The present
study set out towards filling this gap by using different indices of biliteracy to look at its

relationship with oral language skills. The fourth research question is thus:

RQ4: Does biliteracy contribute to oral language skills in the two languages of

bilinguals?

The possible advantage in executive function abilities conferred by bilingualism has
been the subject of much controversy during recent years. Many studies that have reported
superior performance on part of bilinguals compared to monolinguals on a range of tasks
tapping executive function skills. However, there is also an increasing number of studies that
fail to find evidence for such a bilingual advantage and there are aspects of bilingualism that
remain underexplored. One of these aspects of bilingualism is biliteracy. While earlier studies
did not consider literacy abilities of the bilinguals in their samples, recent evidence suggests that
biliteracy is associated with enhanced executive function skills. As such, it is possible that
biliteracy rather than bilingualism drives the bilingual advantage in cognitive control. The
present study explores this idea by using different indices of biliteracy to look at its relationship
with performance on a range of executive function measures. Accordingly, the fifth research

guestion asks:

RQ5: Are there any effects of biliteracy on executive function skills in bilingual

children?

The current study is unique in that it provides a comprehensive assessment of language,
literacy, and cognitive skills of bilingual children speaking English and Greek, which is a
relatively understudied language pair. As the Greek community in the UK is growing, it is
important to understand how language, literacy, and cognitive skills interact and develop in this
group of children in order to promote optimal outcomes in both languages. Moreover, English
and Greek provide an interesting comparison because of differences in orthographic consistency

which have been shown to influence reading development. In addition, the comprehensive

26



assessment of the bilingual children’s language and literacy abilities together with monolingual
comparisons in English and Greek allow for a more in-depth investigation of the skills

underlying the reading processes in each language and their interactions.
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CHAPTER 2 - METHOD

2.1 Participants

A total of 174 seven to twelve year old children from grades 3—6 participated in the study. The
sample comprised 50 Greek-English bilingual children aged 7;3-12;3 (M=9;9, SD=1;4; 21
boys), 58 English monolingual children aged 7;6-11;5 (M: 9;4, SD: 1;1; 24 boys) and 66 Greek
monolingual children aged 8;0-12;7 (M: 10;4, SD: 1;2; 30 boys). The two monolingual control
groups were included as a reference point to put the bilingual children’s overall performance in
the two languages into a wider context. All of the bilingual children were residing in the UK at
the time of testing and attended either a mainstream primary school (n=37) or the Greek primary
school in London (n=13). The English and Greek monolingual children (henceforth L1-English
and L1-Greek) were drawn from mainstream primary schools in South England and Northern
Greece, respectively. None of the children had any reported learning or language difficulties,
hence all were assumed to be typically developing. The following sections provide a
comparative overview of the group characteristics as well as information on the recruitment

procedure.

2.1.1 Age

An overview of the ages of the two monolingual control groups and the Greek-English bilingual
children for each Year group is given in Table 1. The means indicate that the Greek
monolingual children in all four Year groups were on average one year older than the bilinguals
and the English monolinguals. This is because children in Greece enter the school system one
year later than children in the UK. Thus, a two-way ANOVA on age with group (bilingual, L1-
English, L1-Greek) and Year group (3, 4, 5, 6) as between-subjects factors was run to test
whether the three groups differed in age. Results showed significant main effects of grade
(F(3,162)=496.45, MSE=20.4, p<.001, 1,°=.902), and group (F(2,162)=106.68, MSE=20.4,
p<.001, np2=.568), but no interaction (F(6,162)=1.53, MSE=20.4, p=.171, np2=.054). Post hoc
comparisons with Bonferroni corrections revealed that the main effect of group in Year 3, 4, and
5 was driven by the Greek monolinguals who were significantly older than the other two groups
(all ps<.001). However, for the Year 6 children, the English monolinguals were significantly
younger than the bilinguals’ (p=.006) and both groups were significantly younger than the
Greek monolinguals (both ps<.001). The boxplot for age in months per group and Year level is
included in Appendix A. In order to account for the differences in age between the groups, age

was added as a covariate in the analyses where appropriate.

" The children in this year group were slightly older than is usual for the education system in the UK. This
is because five of the eleven Year 6 children came from the bilingual school in London which follows
the Greek education programme where children tend to start primary school one year later than children
in the UK.
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Table 1. Overview of ages (n, mean, SD and range) for the four Year groups of the Greek-
English bilingual children and the two monolingual control groups.

Bilinguals L1-English L1-Greek
Year 3 n 13 12 15
mean 8:1% 8:0% 8:9
SD (in months) 4.4 3.6 4.1
range 7:3-8:8 7:6-8:5 8:0-9;2
Year 4 n 9 21 19
mean 9:1° 9:1° 10:0
SD (in months) 5.8 3.9 35
range 8;5-10;1 8;3-9;5 9;6-10;5
Year 5 n 17 13 19
mean 10:1° 10:1° 10:10
SD (in months) 4.8 4.7 34
range 9:6-10;9 9:;2-10;7 10;5-11;4
Year 6 n 11 12 13
mean 11;6 10;10 12;0
SD (in months) 4.0 36 4.3
range 11;0-12;3 10;5-11;5 11;5-12;7
Group total n 50 58 66
mean 9:9 9;4 10;4
SD (in years) 1:4 1:1 1:2
range 7:3-12;3 7:6-11:5 8:0-12;7

Note. Means sharing the same superscript are not significantly different from each other.

Table 1 indicates that the children in each language group were unevenly distributed
across the four Year groups. In the bilingual group, there were more children from Year 5 than
from the other grades, while the English monolingual sample comprised more children from
Year 4. In the L1-Greek sample there were slightly more children in Year 4 and 5 compared to
Year 3 and 6. However, inspection of the histograms of the children’s ages for the three groups
suggested that overall the children in the three groups were evenly distributed across the age

range tested (see Appendix B).

2.1.2 Socioeconomic background (SES)

Research has shown that there is a strong association between socioeconomic status (SES) and
child development with higher SES leading to better outcomes (Bradley & Corwyn, 2002).
More specifically, socioeconomic background plays a major role in children’s academic
achievement (Sirin, 2005) with robust effects being reported for measures of general

intelligence (Capron & Duyme, 1989), as well as for measures of language development
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(Arriaga, Fenson, Cronan & Pethick, 1998; Hoff, 2003). Thus, it is important to consider the
socioeconomic background of the monolingual and bilingual participants to ensure that the
results are not confounded by differences in SES. Although measures of household SES have
typically taken into account parents’ level of income, education and occupation in combination
(White, 1982), more recent studies tend to use maternal education alone as a proxy for
socioeconomic status (e.g., Hoff, 2003; Hoff & Tian, 2005). This is because parental education
is more stable over time than, for example, family income (Huston, McLoyd & Coll, 1994), and
because information about educational levels is more straightforward to measure than a family’s
income (Hauser, 1994). For the bilinguals, information about SES was obtained by means of a
parental questionnaire (see Appendix C). SES was calculated on the basis of the mother’s
highest level of education and consisted of a 5-point scale: 1- primary education, 2- compulsory
secondary education, 3- upper secondary education, 4- professional training, and 5- tertiary
education. Overall, the mothers of the participating bilingual children were highly educated with
an average score of 4.71 (SD=0.62) on the 5-point education scale. Four mothers (8.3%) were
educated up to upper secondary school level, six mothers (12.5%) reported professional training
as their highest level of education and the remaining 38 mothers (79.2%) all had reached tertiary
education. Unfortunately, the questionnaire did not provide a more fine-grained differentiation
within the level of tertiary education (i.e., Bachelor’s degree, Master’s degree, doctoral degree
etc.). Based on the high level of education on part of the mothers, the current bilingual sample is
best characterized as coming from upper middle class families.

In contrast to the bilingual participants, no background information was obtained from
the parents of the monolingual children about their home environment or the socioeconomic
status of their families. However, it is possible to derive socioeconomic status on the basis of
participants’ postcodes of residence at recruitment (e.g., Woodward, 1996). The Office for
National Statistics has produced model-based estimates of average household incomes for
England for 2007/8%. Income estimates are given for smaller local areas as assigned by
postcodes with the estimates divided into five income levels. Inspection of the map showed that
all UK participants (i.e., the bilinguals and the English monolinguals) came from households
residing in areas at the two highest levels of income. Thus, it was concluded that the Greek-
English bilinguals and the English monolinguals were matched on socioeconomic background.
Unfortunately, there are no similar income statistics available for Greece. However, the schools
from which the Greek monolinguals were recruited were all located in the more affluent parts of
a large Northern city which makes it unlikely that the sample included children with low SES.
Thus, despite the lack of a more explicit comparison with the other groups, it was assumed that
the Greek monolinguals were from similar socioeconomic backgrounds as the bilingual and the

English monolinguals, namely from middle and upper middle class families.

® http://www.neighbourhood.statistics.gov.uk/HTMLDocs/incomeestimates.html
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2.1.3 Recruitment

The participants were recruited through a variety of sources. The majority of the bilingual
children (n=28) were recruited from Greek Saturday schools (one in Reading, one in Oxford and
three in London). First, one of the researchers contacted the head teacher to obtain permission to
visit the school to inform the parents. On visiting the schools, the experimenters introduced
themselves to the parents and distributed the relevant information sheets. The parents who were
willing to participate either left the researchers their contact details or got in touch with the
researchers themselves in order to arrange the appointments. Another 13 bilingual children were
recruited from the Greek—English bilingual school in London. After obtaining permission from
the head teacher, letters were sent out to the parents of all the children from Years 3-6. Only
children who returned the signed consent form from their parents participated in the study. The
remaining nine bilingual children were recruited through word of mouth in that some parents of
the participating children passed on the information to friends who then got in touch with one of
the researchers if they were willing to take part. Approximately half of the L1-English
participants (n=27) were recruited from two (mainstream) primary schools in Reading. After
obtaining consent from the head teacher to conduct research at their school, a number of
children from Years 3-6 were randomly selected and given written information for their
parents. Only children who returned the consent form signed by their parents were allowed to
take part in the study. About a quarter of the L1-English sample (n=14) was recruited via an
infant research panel that is organised and administered by the Child Development Group of the
Psychology department at Reading University. The database was searched for children who met
the criteria (i.e., typically developing English monolingual children from Years 3-6, thus aged
between 7;0 and 11;6) and their parents were contacted via email or telephone. If the parents
agreed to participate in the study, an appointment was arranged. Another eight children were
recruited by sending out emails to academic staff of the department to locate children in the
targeted age range whose parents are happy for them to participate. The remaining nine children
from the L1-English control group were recruited through word of mouth, i.e., parents of
participating children offered to pass on information about the study to friends who then
contacted one of the researchers if they were willing to participate. Finally, the L1-Greek
children were recruited from four different (mainstream) primary schools in Thessaloniki,
Greece. The head teachers were again approached to obtain consent to carry out the research
before sending letters to the parents of a number of randomly selected children from Years 3-6.
As with all the participants, only children whose parents had given written consent were
included in the study.
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2.2 Profile of the bilingual participants

As mentioned in the introduction, this study took a broad approach to bilingualism with regard
to the conditions in which the children were acquiring or had acquired the two languages. While
this approach naturally introduces a high level of variability among the language profiles of the
children, it ensures that the sample is representative of the general Greek-English bilingual
population in the UK. Thus, the advantage of including heterogeneous bilingual samples in
group comparisons with monolinguals is that the results indicate fundamental differences
between groups that are broadly generalizable (see chapters 3 and 4). On the other hand, in
order to account for the enormous individual variation in language abilities inherent in the
bilingual population, it is necessary to treat bilingualism as a continuous variable. However,
there is no consensus in the field with regard to the particular variable on which the bilingual
continuum should be based on. Accordingly, researchers have used a variety of different
measures of bilingualism, with many relying on input-related variables such as home language
use, age of onset or length of exposure, and the like. By using gradient measures of
bilingualism, it is possible to pinpoint the relevant dimensions of the bilingual experience that
influence linguistic and cognitive development. The current study used detailed parental
guestionnaires to elicit background information on the children’s home and school environment.
The majority of the information was used for descriptive purposes only. This is because the
instrument was a general-purpose questionnaire that covered multiple aspects of the children’s
language environment in varying levels of detail. Given that the focus of the current study was
biliteracy, the main exposure-related variable of interest was the amount of schooling the
children had received in each language (see chapters 5 and 6). Children spend large amounts of
time at school, so language input within the educational context is at least as important as
language use at home.

The questionnaire used in the current study was developed within a larger project on
bilingual language acquisition and education (BALED®) and covers several areas, namely (i)
parents’ language ability and use, (ii) the child’s use of different languages, (iii) acquisition and
development of the child’s language ability in English, (iv) acquisition and development of the
child’s language ability in Greek, (v) the child’s knowledge and use of other languages, (Vi)
difficulties with the child’s language development, and (i) demographic information (see
Appendix C, for full questionnaire). The variables that were extracted from the questionnaire
included age, place of birth, age of arrival in the L2 community (i.e., the UK), mother’s

education (as an index of socioeconomic status), home language history, age of onset of

©

This was a Thales project entitled “Bilingual Acquisition & Bilingual Education: The Development of
Linguistic & Cognitive Abilities in Different Types of Bilingualism” which was funded by the
European Social Fund and Greek national funds through the Operational Program “Education and
Lifelong Learning” of the National Strategic Reference Framework (NSRF).
http://www.enl.auth.gr/langlab/thalis_en.html
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exposure, current language use and exposure, children’s language proficiency in the various
languages, as well as literacy practices at home and amount of formal instruction in each of the
languages. Parents were asked to fill in the questionnaires at their convenience and return them
to one of the experimenters. Questionnaires were obtained for all but two children. Thus, all of

the descriptions in this section (2.2) are based on 48 bilingual children.

2.2.1 Place of birth & age of arrival

The majority of the children was born in the UK (n=29) while the remaining children were born
in Greece (n=18) apart from one child who was born in Spain. The age of arrival in the L2
community for those children who were born elsewhere than the UK ranged from 2;6 to 11;0
years (M=7;0, SD=2;4). Figure 1 shows the spread of the ages at which the 19 non-UK born
children arrived in the UK. There were eight bilingual children whose age of arrival was 6 years
or younger and eleven children moved to the L2 community after the age of 6. In terms of time
of residence in the UK, seven of the eleven children who arrived after the age of 7 had been in
the UK for less than 2 years, while the remaining four children had lived in the L2 community
for 2 to 4 years at the time of testing. The two children with the earliest age of arrival (2;6 and
4;0 years) had been living in the UK for over 5 years whereas for the six children whose age of
arrival was between 4-6 years old, the length of residence in the L2 community at the time of

testing was 2-3 years.
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Age of Arrival in years

Figure 1. Distribution of age of arrival in the UK for the 19 bilingual children who were
not born in the UK. Each circle represents one child (n=19).

2.2.2 Language input & use

The questionnaires covered various aspects of language use such as the age at which children
started to be systematically exposed to the two languages, the languages spoken between the
child and other family members, knowledge and use of other languages, as well as the child’s
oral proficiency in the various languages as perceived by their parents. With regard to age of
onset of systematic exposure to English and Greek, all of the children were exposed to Greek

from birth by way of having at least one Greek-speaking parent. More specifically, 33 of the
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bilingual children were from families with two Greek-speaking parents with the majority (n=27)
using predominantly Greek in the family, while for the remaining six children parents reported
frequent use of both Greek and English in the home. Ten children came from mixed marriages
where one parent was a native speaker of Greek and the other a native speaker of English. In
these cases, it was typically the mother who was a native speaker of Greek, while the father was
speaking English, except for one case where it was the other way round. The sample also
included five children who were actually trilingual. Three of the five children had a Greek-
speaking mother while their father spoke a language other than English or Greek (namely,
German, French or Portuguese), one had a Spanish-speaking mother and a Greek-speaking
father and one child had Greek-French-English trilingual parents. Despite being trilingual, the
five children were included in the present study given that English and Greek were the two
stronger languages of the children, while proficiency in the third language was either lower
(n=3) or on a par with the other languages (n=2)"°. In terms of the start of systematic exposure
to English, 22 children (all UK born) were exposed to English from birth and for seven children
(4 UK and 3 non-UK born) this happened between 1-3 years old, typically through English-
speaking childcare. For eight of the children (3 UK and 5 non-UK born), systematic exposure to
English started between the ages of 4-6 when they entered kindergarten or preschool where
English was the medium of instruction. For the remaining eleven children (all non-UK born),
systematic exposure to English started after the age of 6.

An index of language history (i.e., early language input) that considered sources of
language input before the children started formal literacy education (i.e., before age 4 in the UK
and before age 5 in Greece) was calculated on the basis of the questionnaire variables. The
possible sources of language input that were taken into account to derive this index were 1) the
language the mother used with the child, 2) the language the father used with the child, 3) the
language of any additional childcare outside the home/family, and 4) the language of the
community the child was living. Each of these potential sources of input was weighted equally
and language input from the parents was assumed to be stable over the years. Next, the
percentage of input in English, Greek and any other language was calculated for each year
separately (i.e., 0-1 years, 1-2 years, 2-3 years, 3-4 years, and if the children were living in
Greece also 4-5 years'). The last step was to calculate the average percentage of relative
amount of input for each language collectively over the 4 or 5 years before the child started
formal literacy education. Table 2 presents the average percentage of early language input in
English, Greek and any other languages for the bilinguals before the start of formal education.

As a group, the bilinguals had significantly more input in Greek than in English (t(47)=2.72,

19 Although these children are included with the bilinguals, the use of the third language was taken into
consideration in the calculation of the various measures of exposure.

11 For children living in Greece, years 4-5 were included given that primary education in Greece starts
one year later than in the UK.
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p=.009, d=0.39) although there was considerable variation as the relatively large SDs show. The
variability in the relative amount of input in Greek and English is further illustrated in Figure 2.
There were twelve children who were exposed exclusively to Greek during the first 4-5 years of
their life, and another four children who had predominantly Greek exposure (80-100%) and
relatively little exposure to English or any other languages (<20%). For six children, input in
Greek was roughly twice as much as in English, and for ten children it was the other way round
with input in English being about twice as much as input in Greek. For nine children, the
relative amount of input was roughly equal across Greek and English (i.e., less than 20%
difference between the two languages) and six children had received very little input in Greek
during early childhood (<20%). Thus, on the basis of the exposure patterns during early
childhood, 22 children would be classified as Greek-dominant, 16 as English-dominant and the

remaining nine children as balanced.

Table 2. Relative amount of early language input in the various languages.

% Greek % English % Other
mean 59.8 36.7 3.5
SD 30.1 29.7 9.9
range 15.6-100 0-84.4 0-58.3
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Figure 2. Relative amount of exposure to Greek and English during early childhood
(n=48).
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The calculation of current amount of exposure was based on eight questionnaire items
that provided information on the child’s language use with members of the family (mother,
father, siblings, Greek relatives) and with friends (school friends, family friends), as well as the
language spoken between the parents. For seven of the items, parents had to indicate the relative
frequency of use of the various languages on a scale from 1 to 5 (1- English only; 2- more
English than Greek; 3- both languages equally often; 4- more Greek than English; 5- Greek
only). The point scores were subsequently converted into percentage scores for the various
languages, e.g., a point score of 1 corresponded to 100% English and 0% Greek, a point score of
2 yielded 75% English and 25% Greek, a point score of 3 was noted as 50% English and 50%
Greek, etc.)’?. The 8" item that was included in the index for current amount of exposure
concerned the origin of the child’s friends, i.e., whether the child’s friends were mainly children
from Greece, the UK, or other countries. If the child’s friends were mainly children from the
UK and/or other countries, the item was scored with 100% English and 0% Greek, if the child’s
friends were mainly Greek children it was scored as 0% English and 100% Greek and if the
child had friends both from Greece and the UK the score was divided resulting in 50% English
and 50% Greek. After converting the individual questionnaire items into percentage scores, the
total percentage of language input in each language could be calculated across the eight items.
The overall group average appeared to show that the relative amount of current language input
was numerically higher in Greek than in English (see Table 3). However, a paired samples t-test
showed that this difference was not statistically significant (t(47)=1.77, p=.083, d=0.26). There
was a lot of variation across the sample and a roughly even distribution of current amount of
input, as illustrated in Figure 3. More specifically, there were eleven children with 80-100%
current input in Greek and 0-20% input in English, nine children with 60-80% Greek vs. 20—
40% English, 16 children in the middle range with 40-60% in each language, nine with 20-40%
Greek vs. 60-80% English and three children with 0-20% Greek vs. 80-100% English. For the
five trilingual children, current amount of input in the third language was very low (<8%)
except for one child whose current input was relatively balanced across the three languages
(25% English vs. 37.5% Greek vs. 37.5% Spanish).

Table 3. Relative amount of current exposure in the various languages.

% Greek % English % Other
n 48 48 5
mean 55.5 43.2 9.3
SD 24.4 23.8 12.6
range 4.7-100 0-89.1 3.1-37.5

12 For the trilingual children, amount of input in the third language was also taken into account in the
calculation of the percentages for English and Greek.
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Figure 3. Relative amount of current exposure to Greek and English (n=48).

Another variable that was extracted from the questionnaires was the child’s daily use of
the various languages in terms of frequency. Parents had to indicate how often the child
communicates in different languages every day based on a scale from 1 to 5 (1- not at all; 2-
rarely; 3- sometimes; 4- often; 5- very often). On average, the children used more English than
Greek or any other language they spoke (see Table 4). Paired samples t-tests showed that the
difference in daily use between Greek and English was significant (t(47)=3.86, p<.001, d=0.62),
as was the difference between English and any other language (t(47)=20.75, p<.001, d=3.03),
and between Greek and any other language (t(47)=14.02, p<.001, d=2.01)"*. There were 23
children who used more English than Greek and 19 who used the languages equally often on a
daily basis. The remaining six children conversed more in Greek than in English throughout the

14

day™.

13 The analyses were repeated using the Wilcoxon signed-ranks test given that the data were ordinal. The
results using the non-parametric test remained the same (English vs. Greek: Z=-3.48, p<.001; English
vs. other: Z=-6.16, p<.001; Greek vs. other: Z=-5.83, p<.001).

¥ All six children were attending the Greek school in London and four of them had been in the UK for
less than 2 years which explains the more frequent use of Greek than English.
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Table 4. Scores for children’s daily use of Greek, English, and any other language.

Greek English other language  other language
full sample trilinguals (n=5)
(n=48)
mean 4.2 4.9 1.5 3.4
SD 0.97 0.36 1.03 1.34
range 1-5 4-5 1-5 2-5

Parents were also asked to rate their children’s proficiency in terms of oral skills in the
various languages on a scale from 1 to 5 (1- not at all; 2- a little; 3- adequately; 4- well; 5- very
well). As a group, there was no difference between reported oral language skills across the two
languages (see Table 5) which was confirmed by a series of paired samples t-tests
(understanding speakers: t(47)=1.48, p=.146, d=0.13; understanding TV: t(47)=-.0.30, p=.767,
d=0.04; speaking: t(47)=-1.18, p=.242, d=0.21)".

Table 5. Scores for children’s listening (speakers and TV) and speaking skills in Greek and
English as rated by their parents.

Understanding Understanding TV Speaking
speakers
Greek English Greek English Greek English
mean 4.8 4.7 4.7 4.7 4.5 4.7
SD 0.43 0.56 0.63 0.58 0.71 0.55
range 3-5 2-5 3-5 3-5 3-5 3-5

The analyses of the questionnaires showed that in general, the bilingual children show a
lot of variability in terms of language experience and home environment. Consequently, the
sample includes children at both ends of the spectrum (extensive input in Greek and little input
in English vs. little input in Greek and extensive input in English) with a roughly even
distribution of children along the whole spectrum. As such, the present sample of bilingual
children nicely illustrates the need to treat bilingualism as a continuous variable rather than a

categorical one (see Luk & Bialystok, 2013).

2.2.3 Literacy

Using the data obtained from the questionnaires, an index of amount of formal schooling
(English, Greek, total) as well as the relative amount of schooling in English and Greek could
be calculated. After inspecting timetables for Greek and English primary schools on the internet,

it was determined that for mainstream primary schools in England and Greece, an average week

1> Because the data are ordinal, the analyses were re-run using the Wilcoxon signed-ranks test. The results
for the non-parametric tests did not show any differences between reported oral skills in English and
Greek (understanding speakers: Z=-1.45, p=.147; understanding TV: Z=.0.17, p=.867; speaking: Z=-
1.29, p=.199).
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consists of 25 hours of formal instruction. For the Greek school in London, the week comprises
26 hours of formal instruction whereby 21 hours are taught in Greek and 5 hours are taught in
English. The next step was to combine the information from the questionnaires where the
parents indicated in which countries the children had received formal schooling and the types of
schools they had attended, as well as information about amount of additional instruction in
Greek or English via private lessons or Saturday schools. For each language, the number of
hours of schooling per week was then multiplied by the number of years a child had received
this particular type of schooling to derive an index for Greek and English schooling. For
example, child A had completed 3 years of schooling in Greece (3*25) before moving to the UK
where he/she has been attending a UK primary school for 1.5 years (1.5*25), but continued to
receive Greek instruction through weekly lessons (3 hours per week) at a Greek Saturday school
(1.5*3). Hence, the index for Greek schooling for that child amounts to 79.5 (3*25+1.5*3) and
the index for English schooling is 37.5 (1.5*%25). The sum of the two indices for Greek and
English schooling formed the index for total amount of schooling. Thus, the index of total
amount of schooling for child A is calculated as 3*25+1.5*25+1.5*3=117. The three indices
could then be used to calculate the percentage of schooling received in each language
separately, which in the case of the hypothetical child A would be 68% in Greek
(3*25+1.5*3=79.5 and 79.5/117*100=68%) and 32% in English (1.5*25=37.5 and
37.5/117*100=32%). The average group values for the schooling indices and the relative
amount of schooling in English and Greek are given in Table 6. There was one child who had
received formal schooling in another country than England and Greece (English: 61%, Greek:
14%, Spanish: 25%)'®. Overall, the relative amount of schooling for the bilingual children was
higher in English (63%) than in Greek (36%). A paired samples t-test showed that this
difference was significant (t(47)=2.65, p=.011, d=0.38). As Figure 4 shows, the distribution was
quite tail-heavy, i.e., there were many children at the low and high ends, while only a few had
received roughly equal amounts of formal schooling in the two languages. The majority of the
children had received schooling almost exclusively in English with only minimal formal
instruction in Greek (80-100% English and 0-20% Greek, n=26). Three children had received
20-40% schooling in Greek with 60-80% in English, and three children had undergone roughly
equal amounts of formal schooling in the two languages (40-60% each). For four children
amount of schooling was between 20-40% in English and 60-80% in Greek, and the remaining
twelve children had received between 0-20% formal instruction in English and 80-100% in
Greek.

'8 The amount of formal schooling in the third language was included in the index for total amount of
schooling for this child.
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Table 6. Scores on schooling indices and relative amount of schooling in Greek and English.

Index total  Index Greek Index % Greek % English
schooling schooling English schooling schooling
schooling
Mean 128.7 48.2 79.6 36.3 63.2
SD 335 50.9 514 35.3 35.2
Range 59-189 1.5-156.5 7.5-175 1.7-95.4 4.6-98.3
Scale
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Figure 4. Relative amount of formal schooling received in Greek and English
(n=48).

The second index of literacy that was derived from the questionnaires concerned
literacy practices at home (Home Literacy Index, HLI). For this index, it was considered
whether somebody helps or used to help the child with his/her homework and if yes, in what
language this happens or used to happen. The index also took into account parental efforts to
support the child’s language and literacy development by reading to them or encouraging them
to read books in the two languages. This information was elicited in seven questionnaire items
that each carried 1 point. Children’s computer use at home was also included in the HLI. If the
child spent more than one hour per day at the computer, they got 2 points. If they used the
computer for less than one hour per day, they got 1 point, and if parents stated that the child
does not use a computer at home, they got 0 points. The parents also indicated what language

was used when using the computer, although points were only given to a particular language if
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the parents indicated that it was used ‘often’ or ‘very often’, but not if they indicated that they
used the language ‘sometimes’ or ‘rarely’. If the children used more than one language on the
computer, the points were split across the particular languages provided they used them “often’
or ‘very often’. For example, a child that used the computer for 1.5 hours a day got 2 points for
computer use. If it often used it in English and only rarely in Greek, both points went to English.
If however, the child used English very often on the computer, but often used Greek as well, the
points were divided across the two languages. Thus, the HLI was composed of a maximum of 9
points that were divided across the two languages accordingly. The mean scores for total HLI
and HLI in Greek and English as well as the distribution across languages in percent is given in
Table 7. The average score for the HLI total was 6.6 out of a maximum of 9 with a SD of 1.7
indicating that the bilingual children engaged in literacy-related activities at home to varying
degrees. In terms of the language used during these activities, literacy practices were more
frequently carried out in English than they were in Greek (t(47)=5.46, p<.001, d=0.78). Figure 5
shows the distribution of point scores for the HLI in English and Greek. Half of the children
engaged in literacy related activities more often in English than in Greek (HLI English was
higher than HLI Greek by 2 points or more). For 20 children, the literacy practices at home were
evenly distributed across the two languages (HLI Greek and HLI English differed in point score
by 1 point or less) and only four children reported more literacy practices in Greek than in
English (HLI Greek higher then HLI English by 2 points or more).

Table 7. Scores on home literacy index (HLI total, Greek, English) and relative amount of
literacy practices in English and Greek.

HLI Total HLI Greek  HLI English % Greek % English

mean 6.6 2.5 4.0 37.9 62.1
SD 1.67 1.27 1.29 16.6 16.6
range 2-9 0-5 1-6 0-75 25-100
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Figure 5. HLI in Greek and English (n=48). The two dotted lines indicate the area
where the difference between HLI Greek and HLI English was 1 point or less.

Parents were also asked to rate the children’s reading and writing skills in the various
languages on a scale from 1 to 5 (1- not at all; 2- a little; 3- adequately; 4- well; 5- very well).
Children’s scores were higher in English than in Greek for both reading and writing skills (see
Table 8). Paired-samples t-tests showed that the difference between languages was significant
for reading (t(47)=4.94, p<.001, d=0.71) and writing (t(47)=5.69, p<.001, d=0.82)"".

Table 8. Scores for children’s reading and writing skills in Greek and English as rated by their
parents.

Reading skills Writing skills
Greek English Greek English
mean 3.9 4.7 3.7 4.6
SD 0.93 0.55 1.00 0.64
range 2-5 3-5 2-5 3-5

2.3 Tasks & Measures
The study aimed at providing a comprehensive assessment of the Greek-English bilingual
children’s language and literacy skills in both languages, as well as their cognitive abilities. To

this end, the children were administered a range of tasks that were roughly divided into baseline

7 The analyses were repeated with the Wilcoxon signed-ranks test for non-parametric data. The results
remained the same in that reading and writing skills were significantly higher in English than in Greek
(reading: Z=-3.97, p<.001; writing: Z=-4.30, p<.001).
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measures, oral language measures, executive function measures and literacy measures. All of
the verbal tasks came in two versions, one in English and one in Greek. Care was taken to make
the tasks as similar as possible across languages. For some measures, the two versions were
exact equivalents or translations of each other, while other tasks had the same format in the two
languages, but used different stimuli due to language-specific properties. The following sections

present the various tasks and measures in more detail.

2.3.1 Baseline measures

Three baseline measures were used to ascertain the children’s non-verbal intelligence and
expressive vocabulary skills in English and Greek. A measure of non-verbal intelligence was
included to verify that the results of the analyses were not confounded by general ability.
Similarly, the expressive vocabulary tests served as a baseline for children’s level of language
proficiency (or lexical skills) in the two languages and were used as control variables in the

analyses.

Non-verbal Intelligence

Non-verbal reasoning (non-verbal 1Q) was measured with the Raven’s Coloured Progressive
Matrices Test (CPM; Raven & Court, 1998). The test was developed to measure general ability
in children aged 4 to 11 years in educational and clinical settings. The CPM consists of 36
perceptual and conceptual matching exercises that are divided into three sets of 12 items,
whereby the items increase in difficulty within a given set. Each item presents a pattern with a
piece missing and the task is to identify the correct answer out of six options. The items were
presented in a booklet and children simply had to point to the correct alternative or say the
corresponding number (see Appendix D, for example items). The raw score is the total number
of correct items out of 36 and can subsequently be converted into a standard score with a mean
of 100 and a standard deviation of 15. The test requires minimal verbal instructions and is
viewed as a culture-fair measure of intellectual functioning (Kaplan & Saccuzzo, 2017).
Normative data is available for children in the UK aged between 4 and 11 years, as well as for a
number of other populations. However, there are no normative data on children from the same
age range in Greece. Given that the test is claimed to be culturally neutral, the same UK
normative data were used to calculate the standard scores for all the children in the present

study (regardless of whether they were living in the UK or Greece).

English Vocabulary
Children’s expressive vocabulary in English was measured with the Renfrew Word Finding
Vocabulary Scale (Renfrew, 1995). The test was developed for use with children aged 3-8

years, and it consists of 50 black-and-white line drawings of objects (see Appendix E, for
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examples and the full list of items). The pictures were presented one-by-one on a computer
laptop via a PowerPoint presentation with items arranged in order of difficulty. Subjects were
asked to name each of the individual pictures (What is this called?) and children’s spontaneous
answers were recorded. The raw score is the total number of correct items out of 50. As the test

is only standardized up to the age of 8;6, only raw scores could be used in the analyses™.

Greek Vocabulary

To measure vocabulary in Greek, children were administered the Greek version of the Renfrew
Word Finding Vocabulary Scale (Renfrew, 1995) which was developed by Vogindroukas,
Protopapas and Sideridis (2009). The test uses the same picture stimuli as the Renfrew in
English with the exception of two items which were replaced with a similar item appropriate for
the Greek culture (English: steeple/spire -> Greek: trulos “dome” and English: cuff -> Greek:
blusa “pullover”, see Appendix F for the full list of items). Moreover, the original line drawing
for the item beehive/kipseli was replaced with a picture that depicts a typical beehive in Greece.
The correct answers for three items were extended to include another commonly used
alternative  (kite:  chartaetos/aetos, spanner: galliko klidi/kavuras and  sling:
narthikas/epidesmos). Finally, the items in the Greek version were re-ordered by the test
developers to reflect cultural differences from English in terms of level of difficulty of the
individual items. As with the English version, the pictures were presented one-by-one on a
computer laptop in a PowerPoint presentation and children were asked to name the pictures (Ti
ine afto? “What’s this?”). The raw score was the total number of correctly named items out of
50. Like the English version (the Renfrew), the Greek version is standardized up to the age of

8;6 so only raw scores could be used in the analyses.

2.3.2 Oral language measures

To measure children’s oral language skills, a sentence repetition task and a narrative re-tell task
were administered in both English and Greek. The tasks were used to assess different aspects of
oral language skills, including knowledge and use of syntactic structures, ability to produce
grammatically correct sentences, listening comprehension as well as narrative skills at the level
of microstructure (i.e., syntactic complexity, verb diversity, length and grammaticality). The
present section provides detailed descriptions of the two tasks and the various measures that

were derived from them.

'8 Note that several other studies have used the Renfrew with older monolingual and bilingual children up
to 12- years-old (e.g., Kaltsa, Tsimpli, Marinis & Stavrou, 2016; Schelletter & Parke, 2004).
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Sentence Repetition Task in English and Greek

Both the English and Greek Sentence Repetition Tasks were developed within the COST Action
1S0804%° (LITMUS tools; Marinis & Armon-Lotem, 2015). In this task, children listen to a
series of sentences and are asked to repeat them verbatim. The English Sentence Repetition
Task (henceforth English SRT) comprised 30 sentences that contained a range of different
grammatical structures. The five sentence types included in the English SRT and some
examples are given in Table 9. There were six sentences for each sentence type. The full list of
items can be found in Appendix G.

The Greek Sentence Repetition Task (henceforth Greek SRT) was slightly longer and
consisted of 32 sentences. There were eight different sentence types in the Greek SRT with four
sentences each. The eight sentence types of the Greek SRT and some examples are presented in
Table 10. The full list of items can be found in Appendix H.

Table 9. Sentence types used in the English SRT with examples.

i. SVO with one or two auxiliaries/modals
e.g., The kitten could have hit the ball down the stairs.
ii. Passives: short actional and long actional and non-actional
e.g., The cow was kicked in the leg by the donkey.
iii. Object questions: who, what, which
e.g., Which picture did he paint at home yesterday?

iv. Sentential adjuncts: before/after/because and conditionals
e.g., The people will get a present if they clean the house.
V. Object relative clauses: right branching and centre embedded

e.g., The horse that the farmer pushed kicked him in the back.

1 http://www.bi-sli.org/
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Table 10. Sentence types used in the Greek SRT with examples.

i. SVO
e.g., O rovpiorag EEpace Tov 00nYo TV d10KOTAV 0TO OTTITIL.
“The tourist forgot the travel guide at home.”
ii. Negation
e.g., O {wypdpoc Oélet va unv mavooy o1 pilol Tov T0vS TIVOKES TOD.
“The painter does not want his friends to touch his paintings.”
iii. Clitics: clitic doubling and clitic left dislocation
e.g., Tyv tauvia v €ide y1eg 0 dGOKALOG Le TOVS HAONTES TTO OLVEUA.
“The teacher watched the movie with his students at the cinema yesterday.”
iv. Coordination
e.9., O yopevtne mipe v ounpélo. Tov Kou mepmaTnoE oty SVVaT BPOoYH.
“The dancer took his umbrella and walked in the heavy rain.”
V. Adverbial clauses
e.g., O yeftovag ayopace 10 avT0KIVHTO TPV TOVAHOEL TO UIKPO OTITL.
“The neighbour bought the car before he sold the little house.”
Vi. Wh- complement clauses
e.9., Movo o aotvvouos yvaopile T ékleyoy amo 10 6aldve o1 ANoTég.
“Only the police officer knew what the burglars stole from the living room.”
Vii. Relative clauses: subject and object
e.9., O aorovouog eide thv koméla wov TOL Elye TOVANGEL EVO, TAYWTO.
“The police officer saw the girl who had sold him an ice-cream.”
viil. Complement clauses
e.g., Ot voooroueg eimov ot n wrion tov yropod Eyxel kabvotépnon.
“The nurses said that the doctor’s flight is delayed.”

Given the length of the sentences (on average 8.8 words in English and 10.4 in Greek),
it is unlikely for the children to simply reproduce the sentences from short-term memory
without successful comprehension (Vinther, 2002). Thus, the task requires the children to
process the sentence in order to derive its meaning before reproducing the sentence from long-
term memory (Potter & Lombardi, 1990). As such, Sentence Repetition Tasks can be used to
measure oral language skills and more specifically, grammatical abilities. In other words, the
assumption is that if a child has not (yet) acquired a particular grammatical structure, s/he will
not be able to successfully reproduce it in a Sentence Repetition Task. The administration
procedure for both the English and the Greek SRT was the same. The sentences were pre-
recorded by a native speaker of English and Greek, respectively, and were embedded into a
PowerPoint presentation. The task was masked as a game named “The Treasure Hunt” featuring
a bear named Teddy. Children were seated in front of a computer laptop and were given a set of
headphones to prevent any noise disruptions. They were told that in order to follow Teddy on
his treasure hunt, they had to listen carefully to the sentences and repeat exactly what they hear
(to the best of their ability). Children’s responses were voice-recorded and subsequently

transcribed for further analyses.
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The transcribed responses from the children were scored for overall accuracy,
grammaticality and correct use of the target structure. Overall accuracy was derived using a
scale from 0-3 for each sentence. Responses that contained no deviation from the target
sentence were awarded 3 points. Responses that contained one deviation from the target
sentence were scored with 2 points and responses that contained 2-3 deviations received 1
point. Responses that contained more than 3 deviations from the target sentence were awarded 0
points. Thus, for overall accuracy the maximum score for the English SRT was 90 and for the
Greek SRT 96. Note that for both languages, responses with scrambled word order (i.e.,
different word order from the target sentence, but still grammatical) were coded as one
deviation per phrasal unit that did not occur in the target position. Similarly, errors that affected
an entire noun phrase or prepositional phrase (i.e., number, case or gender errors) were counted
as one deviation only. This was done in order to keep the scoring consistent across languages,
since Greek has considerably more inflectional morphology than English. Thus, both the child
instead of the children and zo wai7 instead of za maudid were counted as one deviation.

Because overall accuracy scores for the SRT are likely to be affected by the children’s
vocabulary and memory skills, responses were also scored for grammaticality and correct use of
target structure in order to get a purer measure of the children’s grammatical abilities. For the
grammaticality score, each of the responses was judged for grammatical correctness, regardless
of whether the sentence matched the target sentence and whether it was semantically
anomalous. Consequently, the maximum score for grammaticality was 30 for the English SRT
and 32 for the Greek SRT. Finally, the responses were scored with regard to the correct use of
the target structure (structure scores). If the response contained a correct use of the target
structure, it was scored with 1, regardless of whether the overall sentence was grammatical or
complete. If the response did not show correct use of the target structure, O points were
awarded. Children’s responses were scored using a set of criteria for the various structures. For
example, for English SVO sentences, the three sentence elements had to be in the right order
and the child needed to use a verb phrase that included one or two auxiliaries, or a model verb
and an auxiliary. For passives, a grammatical subject was required plus either a be-passive or
get-passive construction, and for long passives a by-phrase had to be present, too. For object
questions, the response had to contain a fronted wh-question word followed by subject-verb
inversion. In sentences targeting sentential adjuncts, the adverb or the conjunction (i.e., if) had
to be accompanied by a main and a subordinate clause which had to be correctly marked for
tense. For object relative clauses, a relative clause had to be present modifying an object,
although the relative pronoun could be dropped from the sentence. Turning to Greek, for
negation, a score of 1 was awarded if the response contained the target negator at the right
position in the sentence. If the target structure was an adverbial clause, the child had to produce

the target adverb followed by a subordinate clause as well as a main clause carrying the correct
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tense. Points for coordination were awarded if the child produced the correct coordinator
together with two main clauses. Sentences with relative clauses as the target structure were
required to contain a relative pronoun and a subordinate clause that modified the target
antecedent (i.e., subject vs. object relative clause). Items that targeted basic word order (SVO)
had to contain a subject, a main verb and an object in the right positions in order to be scored as
correct. For complement clauses, the child had to produce the correct complementizer together
with a subordinate clause. Similarly, for Wh-complements, the response needed to contain a
wh-word and a subordinate clause in order to be scored as correct in terms of target structure.
Points for clitic doubling were given if the child produced a clitic at the right position in the
sentence. Finally, items targeting clitic left dislocation needed to contain a fronted DP and a
clitic at the right position in order to be awarded 1 point. The maximum score for correct use of
the target structures was 30 for the English SRT and 32 for the Greek SRT. Table 11

summarizes the scoring scheme for the two SRTSs.

Table 11. Scoring scheme for overall accuracy, grammaticality and correct use of target
structure for the SRT tasks with examples.

Overall Accuracy

3 no deviations from target The boy that the milkman helped has lost his way.
2 1 deviation from target The boy that the milkman helped has lost the way.
1 2-3 deviations from target The boy *** the milkman helped had lost his way.
0 >3 deviations from target The boy that is the milkman got lost.

Grammaticality
1 grammatical The boy that has the milk got lost.
0 ungrammatical The boy that has the milkman helped has lost his way.

Correct use of target structure
1 correct structure The boy that the milkman helped got lost.
0 incorrect structure The boy that helped the milkman has lost his way.

Narrative skills

Children’s narrative skills were assessed using a story re-tell task. The original stories (i.e., the
pictures) were taken from the Edmonton Narrative Norms Instrument (ENNI; Schneider, Dubé
& Hayward, 2005). The ENNI consists of two parallel sets of black-and-white picture series
with three levels of complexity each. The level 1 stories consisted of 5 pictures featuring two
characters, the level 2 stories were made up of 8 pictures featuring three characters and the level
3 stories were 13 pictures in length with four characters. Set A features an elephant and a giraffe
and set B has a bunny and a dog as protagonists. Because the ENNI material was only designed
to be used in the telling mode, it does not include any model stories that could be used for a re-

tell task. As a consequence, model stories for four of the picture series (A2, A3, B2 and B3)
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were developed in various languages including English and Greek by Andreou, Knopp,
Bongartz and Tsimpli (2015) as part of a larger research project on bilingualism (BALED). The
model stories were matched across languages (English vs. Greek) and sets (A2 vs. B2, A3 vs.
B3) for syntactic complexity (i.e., verb diversity, number of coordinate and subordinate
clauses), as well as narrative complexity in terms of story grammar (i.e., number of goals,
attempts, outcomes and internal states). Finally, the model stories were recorded by native
speakers of English and Greek respectively, and were aligned with the pictures in a PowerPoint
presentation. The four model stories in English and Greek are attached in Appendix | together
with the corresponding picture series.

To administer the task, the children were seated in front of a laptop computer and were
given a set of headphones to prevent any noise disruption. They were told that they were going
to hear a story accompanied by pictures and were instructed to listen to the story carefully as
afterwards, they would have to re-tell the story to the experimenter who has not heard or seen it
before. The first screen of the PowerPoint presentation showed three different envelopes (see
Figure 6) that the child was told contained three different stories to choose from. In fact, the
same story appeared regardless of which envelope they chose. This little deception was done to
give the child the impression that the story selection was not controlled by the experimenter in
order to encourage them to re-tell the story as detailed as possible since the experimenter would
not know which story they had heard. As soon as the child picks an envelope, the first two
pictures appear and the story starts. There were one or two pictures per screen and the slides
proceeded automatically as soon as the corresponding part of the model story script ended.

Figure 7 shows an example of a screen and the corresponding script the child heard.

Figure 6. Starting screen for the story re-tell task with the three envelopes that children
were told would contain different stories to choose from.




English: One day a happy giraffe boy and a playful elephant girl went out to the nearby swimming-pool.
Elephantina noticed a diving board from which they could dive as many times as they wanted. But neither
of them saw the sign that said "NO RUNNING". Not wasting any time, Elephantina decided to start a

competition by saying "Let's see who will be there first!".

Greek: Mia uépo. pio yopoduevn xounlomepdoryy ayopixl, o KOuNIOTAPOOANS Kol uio TOLYVIOIGPOQ
elepavtiva miyav foita atny moiva s yertoviag tovg. H elepavtiva auéows mpooete pio oavido amo v
omoio, Umopovaoy vo, kavovy mollég Povnies. Kaveic tovg duws dev gide t touméla mov gypoge "unv
éyete”. Tia vo un yaoovv ypovo 1 elepavtivo. amopdoioe vo, CEKIVIOEL TO TOLYVIOL AEYoviag oTov

Kounlowapoaln "Ag dodue moiog o pracer mio ypyopo. oty covida! .

Figure 7. First two pictures from story A2 and corresponding scripts in English and
Greek.

When the story had finished, the children were told to take off the headphones and were
asked a series of comprehension questions (see next section on language comprehension). After
that, they were shown all the pictures of the story arranged in a strip (see Figure 8). They were
then asked to re-tell the story they had just heard over the headphones to the experimenter using
the picture strip in front of them. Children’s stories were voice-recorded and subsequently
transcribed for further analyses. The monolingual children were assessed on two stories of two
different levels. In each monolingual group, half of the children did stories A2 and B3, while the
other half was administered B2 and A3. The bilingual children heard all of the four stories, i.e.,
A2 and B3 in one language and B2 and A3 in the other with the two combinations being
counterbalanced across languages. Within a language, the slightly easier level 2 story was

always presented before the level 3 story.




Figure 8. Picture strip given to the children to re-tell the story.

Narratives offer a wealth of information about language skills which are typically
divided into two levels: microstructure measures and macrostructure measures. Measures of
narrative abilities at the macrostructure level are mainly concerned with the content and
structure of a story. Microstructure measures, on the other hand, typically refer to the quality of
the narrative in terms of morphosyntax and vocabulary. The present study used four measures of
narrative skills at the level of microstructure: i) length; ii) verb diversity; iii) syntactic
complexity, and iv) grammaticality. First, the data from the level 2 and the level 3 stories in
each language were combined to obtain a speech sample of sufficient length for the syntactic
analyses (i.e., microstructure measures). The narrative samples were subjected to a clausal
analysis in which all main clauses and subordinate clauses were identified. The subordinate
clauses were further coded for complement clauses (e.g., he tried to reach it; he said that it was
too far away; the lifeguard asked what happened), relative clauses (e.g., an elephant who had

been watching came over), and adverbial clauses (e.g., Elephantina watched while Giraffo was

playing with his toy). Instances of direct speech were treated as separate clauses and not as
complements to the main verb of the ‘introductory’ sentence. Instances of coordination between
subordinate clauses were counted as separate occurrences of subordination (e.g., When she
fished it out and put her hands on it, she gave it to the giraffe. was counted as one main clause
and two adverbial clauses). Like the other measures, verb diversity too was calculated over both
stories in each language. Auxiliaries, modals and semi-modals (e.g., should, can, could, might,
need to, have to, etc.) were included in the clausal analyses, but were not considered for the
calculation of verb diversity. In some cases, children asked the experimenter to provide them
with a particular word (i.e., translations from either language) or inserted words in the other
language (typically English words inserted into the Greek stories) in order to maintain the flow

of the story. Such instances were transcribed, but were not included for the calculation of the



microstructure measures. However, words that the children produced in the non-target language
and words that were provided by the experimenter were counted as grammatical errors.
Narrative length was calculated by adding the total number of main and subordinate
clauses in the narrative sample of each child. For verb diversity, the number of different main
verbs produced was divided by the total number of main verbs in the narrative sample (type-
token ration)®®. Syntactic complexity of the produced narratives was indexed by the ratio
between subordinate and main clauses. Finally, a measure of grammaticality was derived by
dividing the number of grammatical errors in the narrative sample by the length of the narrative
(i.e., total number of main and subordinate clauses). The four microstructure measures and their

calculations are summarized in Table 12.

Table 12. Summary of microstructure measures.

Measure Description
Length number of clauses (main + subordinate)
Verb diversity type/token ratio of verbs used

Syntactic complexity  ratio between subordinate clauses and main clauses

Grammaticality ratio between number of grammatical errors (morphosyntactic, not
lexical) and number of clauses

Language Comprehension

In addition to the narrative re-tell task, children also had to answer comprehension questions
about the stories they heard. The answers to those questions were used as a measure of language
comprehension skills. The comprehension questions that were used in this project were a subset
of the questions provided by the ENNI (Schneider et al., 2005). After hearing the first story
(A2/B2) children were asked 10 questions probing either factual information (n=6) or mental
states of the characters (n=4), while the second story (A3/B3) was followed by 14 questions
whereby 8 were about factual information and 6 about mental states of the characters. The
questions across sets were exactly the same only that they referred to different characters (i.e.,
those featured in the particular story). Table 13 gives an overview of the comprehension
questions with some examples. The full list of questions for each story can be found in

Appendix J.

20 Note that the type-token ratio measure of lexical diversity is confounded with length in that the ratio
drops with increasing narrative length (see, Treffers-Daller, 2013 and Treffers-Daller & Korybski,
2016, for detailed discussion of the issue ).
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Table 13. Overview of comprehension questions.

A2/B2 A3/B3
Factual information n=6 n=8
Examples ¢ Who is the story about?

e Where are the animals?
e What did the elephant girl/rabbit do then?
e Why did the friends feel like that?

Mental state of characters n=4 n=6

Examples o How did the elephant girl/rabbit feel here?
e What did the lifeguard/doctor think here?
e How did the two friends feel here?

Before the children heard the stories, they were told that they had to listen carefully as
they would have to answer a few questions about the story in addition to re-telling it to the
experimenter. Once the story had finished, children were instructed to take off the headphones
and were shown a booklet containing the pictures of the story. Apart from the first two
questions which were the same across all four stories (““Who is the story about?”” and “Where
are the animals?’’), each question referred to a particular picture of the story. Therefore, the
experimenter turned to the appropriate page of the booklet and pointed to the picture before
asking the question. Children’s responses were voice-recorded for subsequent transcription and
analyses. The comprehension questions were used to measure children’s understanding of the
story and the question itself rather than their ability to produce a grammatical answer.
Consequently, responses that were provided in the non-target language were acceptable.
Moreover, some of the questions referred to information that was directly provided in the story
script that they heard, while some required the children to make inferences. Thus, responses
were scored as correct if they constituted a reasonable answer to the question and if they were
consistent with the information from the story. However, responses that referred to the wrong
sequence or episode than the one depicted by the picture that accompanied the question were

scored as incorrect.

2.3.3 Executive function measures

Executive function is an umbrella term that refers to a set of mental processes that are necessary
for the cognitive control of behaviour. The executive control system comprises several
components that show a fair amount of interdependence, but are nevertheless separable (Miyake
& Friedman, 2012; Miyake et al., 2000). Consequently, children were assessed on multiple
measures of executive function skills that tap different components, such as verbal and non-
verbal working memory, updating, switching and inhibition. The present section describes the

various tasks and the measures that were derived from them.
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Verbal working memory
The digit backwards span task from the Automated Working Memory Assessment Battery
(AWMA; Alloway, 2007) was used to measure children’s verbal working memory skills. The
task requires participants to listen to a series of one-digit numbers, with the lists spanning from
two to seven numbers, and repeat them in backwards order. There are a maximum of 6 trials for
each digit span and testing is discontinued if a child errs on three consecutive trials. In addition,
if the child gives four correct answers for a given span, any remaining trials of that same span
are assumed to be correct and the child moves on to the next span. The final score is the total
number of correct trials with a maximum of 36. The full list of trials is attached in Appendix K.
The experimenter explained the task to the child and read out the digits with a pause of
one second between digits. To familiarize the children with the task, four practice trials were
administered, two with two digits and two with three digits. During the practice trials, children
were given feedback to ensure that they understood the task. After the practice trials, the
experimenter proceeded with the experimental items during which no feedback was provided.
The experimenter simply read out the trials and informed the child when they got to the next
span (e.g., “Let’s try with three numbers now.””). Each trial was read out only once (i.e., the
experimenter was not allowed to repeat a given trial upon the child’s request). Children’s
answers were recorded on a score sheet (see Appendix K). There was an English version and a
Greek version of the task whereby the Greek one was simply a translation from English, i.e., the
exact same trials and digits were used. The bilingual children did the task twice, once in English
and once in Greek with the sessions being at least one week apart. This was done to see to what

extent task performance was influenced by language proficiency.

Non-verbal working memory
Non-verbal working memory skills were assessed with the Mr. X task taken from the AWMA
(Alloway, 2007). The task requires children to simultaneously process and store visuospatial
information of rotating figures. The task design was similar to the backwards digits task in that
the number of locations the child had to remember increased across trials. The number of
locations to be recalled spanned from one to seven and there were again 6 trials per span
amounting to a total of 42 trials. As with the digits backwards task, testing was discontinued if
the child failed on three consecutive trials and four correct answers on a given span meant that
any remaining trials of that same span were assumed to be correct and the experimenter
proceeded with the first trial of the next span. The final score was the total number of correct
trials out of a maximum of 42.

The original task from the AWMA (Alloway, 2007) was converted into a PowerPoint
presentation. Children sat in front of a computer laptop and listened to the experimenter’s

instructions. The first slide shows two Mr. X’s and children are asked to identify whether the
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Mr. X with the blue hat (on the right) is holding the ball in the same hand as the Mr. X with the
yellow hat (on the left). The Mr. X with the yellow hat is always in the same upright position
functioning as a reference point, while the Mr. X with the blue hat may be rotated to six
different positions (see Figure 9). At the same time, children are told to try to remember the
location of the ball the Mr. X with the blue hat is holding. The next slide shows six points
indicating the six possible positions where the Mr. X might be holding the ball and children are
asked to point to the position where the Mr. X with the blue hat previously held the ball (see
Figure 10).

Figure 9. Screen showing two Mr. X’s where children had to identify whether the Mr. X
with the blue hat is holding the ball in the same hand as the Mr. X with the yellow hat.
Children also had to remember the position of the ball which the Mr. X with the blue
hat is holding. The six dots indicate the possible locations where the Mr. X with the
blue hat could be rotated to. However, there were no dots on these slides in the
experimental trials.

Figure 10. Screen presented at the end of each trial showing the six possible positions of
the balls where children had to point to the locations of the balls on previous screens.



For the span 1 trials, children were presented with one pair of Mr. X’s and thus, had to
recall one location of the ball. In span 2 trials, the children saw two subsequent screens of pairs
of Mr. X’s and they had to say whether the Mr. X with the blue hat is holding the ball in the
same hand as the other Mr. X for each of the two screens. At the end of span 2 trials, the
children were again shown the screen with the dots and were asked to point to the location of
the ball in each previously shown pair in sequence. Each subsequent span added another pair of
Mr. X’s and thus, an additional location the child had to recall at the end of the trial, up to a
maximum of seven (i.e., span 7). Both the slides with the Mr. X’s and the slides with the dots
stayed on the screen until the child gave a response. At the beginning of the task, the child was
taken through the procedure step by step and four practice trials were administered (two span 1
and span 2 trials each) during which feedback was provided. After ensuring that the child
understood the task, the experimenter proceeded with the experimental trials and no more
feedback was given. Children’s responses were recorded on a score sheet. A trial was only
scored as correct if the child correctly identified whether the Mr. X with the blue was holding
the ball in the same hand as the other one AND if they correctly recalled the location of all the
previously seen Mr. X’s in the right sequence at the end of the trial. Otherwise, the trial was
awarded a 0 score.

Given the non-verbal nature of the task, there was no need for the bilingual children to
do the task in both languages. Thus, unlike the backwards digits task, the Mr. X task was only
administered once for the bilingual children and the instructions were given in the language they

felt more comfortable with.

2-back task (updating)

The 2-back (or n-back tasks more generally) is a commonly used measure to tap into the
updating and monitoring components of executive functions. Subjects are presented with a
sequence of stimuli and the task is to monitor the incoming stimuli and indicate when the
current stimulus matches the one they saw n steps earlier in the sequence. The cognitive load
(i.e., n) can be manipulated to increase or decrease task demands. The version used in this
project used digits as stimuli and the cognitive load was 2, hence the name “2-back” task. The
experiment was conducted on a laptop computer using E-Prime software (Schneider, Eschmann
& Zuccolotto, 2002). The stimuli consisted of four digits (2, 5, 7 and 8) that were presented in a
pseudo-random sequence of 60 trials. Each digit stayed on the screen for 500ms and was
followed by a blank screen for 2500ms. Children were seated in front of a computer laptop and
were instructed to monitor the digits appearing on the screen and to press the ‘J” key as quickly
as possible whenever the current digit on the screen matched the one that appeared two steps
back. The ‘J” key was marked with a coloured sticker on the keyboard and children were told to

keep their index finger on the ‘J" key throughout the experiment to prevent them from pressing
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a wrong key. They were also told that if the digit they currently saw on the screen was not the
same as the one they saw two trials before or, if they were not sure, they should not press
anything and just wait for the next digit to appear. For example, in the sequence 8-2-5-2
children were expected to press the ‘J° key on the last digit as it is identical to the one that
appeared two steps back (see Figure 11, for further illustration). To familiarize the children with
the task, a practice block was administered consisting of 20 trials (i.e., a sequence of 20 digits),
6 of which were updating trials and thus, required pressing the ‘J* key and 14 no updating trials
that did not require any response. After ensuring that the child understood the task, the
experimenter proceeded with the experimental block that consisted of 20 updating trials (thus,
requiring pressing the *J’ key) and 40 no updating trials resulting in 60 trials in total. Both
accuracy and reaction times (RTs) were recorded. However, RTs are typically used to compare
different conditions within the task such as 2-back conditions and 3-back conditions (e.g.,
Miller, Price, Okun, Montijo & Bowers, 2009). The 2-back task used in the present study did
not include any manipulation of cognitive load, hence, only accuracy was analysed. As with the
Mr. X task, the 2-back task was administered once with the bilingual children and instructions

were provided in the language the children felt more comfortable with.

2 Don't press anything

1st number 5 Don't press anything

2nd number Don't press anything

2rd number Press the J key

4th number Don't press anything

2 Don't press anything

6th number 8 Don't press anything
7th number 2 Press the J key
8th number

Figure 11. Screen that was used to explain the 2-back task to the children. They were
told that a series of digits would appear on the screen one-by-one and that they had to
monitor the sequence and press the ‘J” key as quickly as possible whenever the current
digit was the same as the one that appeared two before. In this example sequence, the 4™
and the 8" digit would require pressing the ‘J” key.



Overall task performance was calculated in two ways. The first one was a composite
score whereby the percentage of false alarms (i.e., incorrect button presses on no updating trials)
was subtracted from the percentage of correct hits (i.e., correct button presses on updating
trials). The composite score was preferred over simple overall accuracy scores because it is
possible that a child is overly conservative and refrains from pressing the ‘J’ key altogether in
which case the raw accuracy would still be fairly high (around 66%) as the 40 no updating trials
which constitute two thirds of the total number of trials would all be counted as correct. Another
way to overcome this caveat is to derive A’scores which is a commonly used measure of
discriminability for Yes/No tasks in signal detection theory (Stanislaw & Todorov, 1999). To
calculate A’ scores, participants’ hit rates (H) and false-alarm rates (F) are entered into a
formula® (see Figure 12). For ease of interpretation, the values were multiplied by 100 so that
the resulting A’ scores range between 0 and 100, where 100 indicates perfect discriminability

and 50 indicates chance performance.
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—~F(—H) if F<05<H;

if F=H <0.5;

H-F 1-H

- if 05<F<H.
4 4(1—F)

Figure 12. Formula used to calculate the A’ scores for the 2-back task. Adapted from
“A note of ROC analysis and non-parametric estimate of sensitivity,” by J. Zhang and
S. T. Miller, 2005, Psychometrika, 70, 203-212. Copyright 2005 by the Psychometric
Society.

Global-Local task (switching and inhibition)

The Global-Local task (GLT) is another measure of executive function abilities that was used to
tap into two other components of executive function skills, namely inhibitory control and
switching (i.e., attention shifting). In this task, a trial consists of a picture showing a large shape
(global level) that is made up of lots of smaller shapes (local level). There are four shapes in the
task: circles, crosses, triangles and squares. One fourth of the trials were congruent (same shape
on both levels) and the remaining 75% were incongruent (different shape across the two levels,
e.g., a large circle made up of small triangles). Figure 13 shows an example of a congruent and
an incongruent trial. The task was divided into three blocks, two single blocks and one mixed
block, that consisted of 64 trials each (16 congruent and 48 incongruent). In the single blocks,

children had to respond to either the local or global level, while in the mixed block they had to

! The A’ scores were calculated with the aid of a spread sheet made available by Zhang and Mueller
(2005) which can be found at https://sites.google.com/a/mtu.edu/whynotaprime/.
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alternate between paying attention to the global and local levels. In the mixed block, a cue was
provided on top of the figure to help children remember which level they need to pay attention
to (i.e., global or local). In the English version of the task, the cue for paying attention to the
large shape (i.e., global trials) was the capital letter “L” printed in blue and the cue for focusing
on the small shapes was the small letter “s” in red. In the Greek version of the task, the cues
were the letters “pey” printed in blue (standing for ueydla oynuara “large shapes”) for global
trials and the letters “pw” printed in red for local trials (standing for wixpd oynuoza “small
shapes”). Figure 14 shows example screens from the mixed block with the cues for the English
and Greek version. The order of presentation of the two single blocks was counterbalanced
across participants so that half the children in each group were presented the Global block first
(and the mixed block started with a global trial) and the other half were administered the Local

block first (and the mixed block started with a local trial).

X X
XX Xx oc)O OOO
X X [e]e)
X o]
XX XX OO Oo
X X O [e]
X X o] O

Figure 13. Example of a congruent trial (same shape on global and local level, see
figure on the left) and an incongruent trial (cross on the global level and circles on the
local level, see figure on the right) in the Global-Local task.

L HLK
AAAAAAAA 000
0 0)
A A o) 0]
A A
o) o)
A A o o
A A
* A o) o)
A A Oo OO
AAAAAAAA 000

Figure 14. Examples from the mixed blocked showing the cues that were used to
remind the children whether they needed to focus on the large shape (global trials) or
small shapes (local trials). L = large shapes; s = small shapes, pey = peydia oyfquata
“large shape pik = pikpd oynuara “small shapes”.



The task was administered on a computer laptop using E-Prime software (Schneider et
al., 2002). Children were seated in front of a laptop computer and the experimenter went
through the instructions that appeared on the screen. In the global block, they were told to only
focus on the large shape they see and to press one of four keys on the keyboard depending on
how many lines are needed to draw a given shape. Thus, they were instructed to press “1” on
the keyboard if the large shape was a circle, “2” if it was a cross, “3” for a triangle and “4” for a
square. The instructions for the local block were exactly the same except that children were told
that in this round they should only pay attention to the small shapes they see and again press the
number from 1-4 that shows how many lines that shape is made out of. In the mixed block, they
were told that they would have to switch between focusing on the large and small shapes and
were explained the respective cues. The response keys were arranged so that they were in the
middle of the keyboard and marked with stickers with the numbers 1-4 written on them (“1” on
the “D” key, “2” on the “F” key, “3” on the “J” key and “4” on the “K” key). The stimuli
remained on the screen until the children pressed a key. Children were further instructed to do
the task quickly but at the same time carefully. The two single blocks were preceded by six
practice trials during which feedback was provided and the more complex mixed block had ten
practice trials. There was a short break between each block. Both accuracy and response times
were recorded. Following standard procedure, the analysis of the reaction time data discarded
incorrect trials and trials with RTs below 250ms as these have most likely been initiated before
the stimulus. Being a non-verbal task, the GLT was administered to the bilingual children once
with the instructions provided in the language of their choice.

The two measures of interest derived from the GLT were the congruency effect and the
(global) switching cost. The congruency effect is a measure of inhibition (or selective attention)
and indicates to what extent the participant is distracted or slowed down by conflicting
information in incongruent trials. The effect is typically calculated by subtracting the mean RT
from congruent trials from the mean RT of incongruent trials. However, inspection of the data
showed a great amount of variation in RTs both within and between subjects. For this reason,
median RTs were used instead of mean RTs in order to reduce the effect of outliers. The
congruency effect was thus calculated as the difference in median RTs between the congruent
and incongruent trials of the two single blocks. The second measure of interest, the switching
cost, is a measure of attention shift or switching and is also computed on the basis of RTs.
Different types of switching costs have been used in the literature depending on the task design.
In the present study, the switching cost was calculated by comparing performance on the mixed
block with performance on the single blocks which is commonly described as global switching
cost (or mixing cost). In contrast, local switching costs are computed by comparing switch and
non-switch trials within the same block. In the GLT used in the current study, the mixed block

contained exclusively switch trials (i.e., every trial required switching attention from one level
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to another level) rather than a combination of switch and non-switch trials (i.e., trials that do not
require switching attention to a different level from the previous one). Thus, the switching cost
was calculated by subtracting the median RT on incongruent trials in the single blocks from the
median RT on incongruent trials in the mixed block®. Table 14 summarises the two measures

of executive function skills and the way they were calculated.

Table 14. Summary of the two EF measures with their descriptions and calculations.

EF measure Description Calculation
Congruency effect ability to inhibit conflicting median RT for incongruent trials
information in single blocks — median RT for
congruent trials in single blocks
Switching cost ability to continuously switch median RT for incongruent trials
attention between two levels of in single blocks — median RT for
information incongruent trials in mixed block

Letter fluency task

The letter fluency task is a widely used test that is often referred to as a hybrid task as it taps
both verbal ability (i.e., vocabulary and lexical retrieval) and executive function skills (Shao,
Janse, Visser & Meyer, 2014). In this test, participants are given 1 minute to produce as many
different words as they can think of starting with a particular letter. Thus, participants are
required to search their mental lexicon and quickly retrieve words that start with the target
letter. However, there are a number of constraints on the words that are acceptable (e.g., proper
nouns and related words are not acceptable). Consequently, the task also taps into executive
function abilities as participants must keep the instructions and previously given responses in
working memory to avoid producing unacceptable responses and repetition which, in turn,
implicates the inhibition component of the EF system. Despite the verbal component of the test,
the letter fluency task was grouped together with the executive function measures.

Children sat next to the experimenter and were told that in this task they had to produce
as many different words as possible that start with a particular letter. The test consists of three
trials, consequently the task is repeated three times with a different letter in each trial. The most
commonly used version of the test in English uses the letters F, A and S (Spreen & Strauss,
1998) which are also the letters used in this study. The Greek version of the task included the
letters X (Chi), 2 (Sigma) and A4 (Alpha) which were equivalent to the English letters FAS in
terms of the ratio of words starting with these letters relative to the total number of words in a

22 Note that typically the global switching cost is calculated by comparing performance on non-switch
trials across single and mixed blocks (Hernandez et al., 2013; Prior & MacWhinney, 2010). However,
given the current design, there were no non-switch trials in the mixed block, so the switching cost was
calculated by comparing non-switch trials in the single blocks with switch trials in the mixed block.
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dictionary of that language (Kosmidis, Vlahou, Panagiotaki & Kiosseoglou, 2004). Children
were instructed to avoid responses that were names of people or places, and to try to say
different words. So for example if they say a group of words like run, runner, running, it would
count as one correct response since they are (closely) related words. Each trial started as soon as
the target letter was announced upon which the experimenter started the timer that was set for 1
minute. Children’s responses were recorded on an answer sheet and subsequently entered into a
spread sheet.

Responses that contained proper nouns (i.e., names of people or places) were excluded
from analyses, as were repetitions and responses that were morphologically related to previous
responses. More specifically, groups of words from the same inflectional paradigm such as
swim, swam, swimming or snake, snakes were counted as one correct answer each. Similarly,
groups of words that were closely related by means of derivational morphology such as admire-
admiration-admirable or actor-actress were scored as one correct response respectively.
However, repetitions that occurred as part of a compound (e.g. sun, sunflower, sunglasses) were
acceptable as they were deemed to be sufficiently different in meaning to constitute separate
lexical entries in the (child’s) lexicon. Other unacceptable responses included words that started
with a different letter than the target letter (e.g., owl for the letter A or cinema for the letter S)
since the instruction explicitly says words starting with the letter and not the sound. The final
score was the sum of correct responses across the three trials (i.e., letters). Due to the verbal
component, the bilingual children did the task twice, once in English and once in Greek with the

sessions being at least one week apart.

2.3.4 Literacy measures
Literacy was assessed in terms of children’s reading skills in English and Greek. The tasks
included rapid serial naming of digits, single word reading, reading comprehension and a lexical

decision task with written stimuli. The current section describes the various tasks in more detail.

Rapid automatized naming (RAN)

To measure rapid serial naming we used the rapid digit naming subtest from the Comprehensive
Test of Phonological Processing (CTOPP; Wagner, Torgesen & Rashotte, 1999). The task
requires participants to rapidly access and retrieve the phonological representations of highly
familiar stimuli (digits, letters, colours or common objects) in sequence. The subtest with digits
was chosen for the present study because alphanumeric RAN (digits and letters) have been
shown to be better predictors of reading performance than rapid naming of colours or objects
(Manis et al., 2000), and because digits are less confounded than letters by differences in length
and frequency across languages. There is an EF component to this task in that different
processes are being carried out simultaneously. On seeing the first stimulus, the participant has

to retrieve the phonological form from memory and plan the oral production of the stimulus.
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While still orally producing the stimulus, the participant already retrieves the phonological form
of the next one and so on. Thus, RAN requires the orchestrating of several processes
simultaneously, namely lexical retrieval, memory and oral production.

In this task, six digits (2, 3, 4, 5, 7, 8) are repeated six times and presented across four
lines of nine digits each (see Appendix L). Children are asked to read out the 36 numbers on the
card one-by-one as fast as possible, starting from the top left corner and going from left to right
until they come to the end at the bottom right corner. The procedure is repeated with a second
card containing the same numbers, but in reverse order. The total naming time is calculated by
summing the time (in seconds) it took the child to name the digits on the two cards. The
bilingual children did the RAN twice, once in English and once in Greek using the same cards,

but with at least one week between the sessions.

Lexical Decision Task (LDT)

Lexical decision tasks are commonly used as measures of word recognition and lexical access.
In the written mode, a letter string appears in the middle of the screen and participants have to
decide whether it constitutes a real word or not, and press a corresponding button. Thus, in
addition to word recognition and lexical access, visual lexical decision tasks also tap into

decoding and orthographic processing skills.

English

The English version of the lexical decision task consisted of 45 real words and 45 pseudowords.
The real words were taken from the Children’s Printed Words Database (CPWD; Masterson,
Stuart, Dixon & Lovejoy, 2003) which reflects the vocabulary in reading materials for children
aged 5-9 years in the UK. The database consists of 1011 books, and contains 12,193 different
word types and 995,927 word tokens. The real word items were selected to represent three
different levels of frequency based on ranges proposed by Kucera and Francis (1967) which
have been adopted by many researchers (e.g., Burgess & Livesay, 1998; Gardner, Rothkopf,
Lapan & Lafferty, 1987): 15 words of high frequency, 15 words of mid frequency and 15 words
of low frequency. The pseudowords were created with the Wuggy which is a multilingual
pseudoword generator (Keuleers & Brysbaert, 2010). The 45 pseudowords were selected to fall
within three different categories depending on their neighbourhood density, i.e., the number of
real words that can be derived by substituting any one letter of a given pseudoword. Thus, 15
items had a dense neighbourhood, 15 items had a sparse neighbourhood and 15 items had no
orthographic neighbours (no neighbourhood). The six conditions of the LDT are summarized in
Table 15. All 90 items consisted of either one or two syllables and ranged in length between 4-7
letters with the number of syllables and letters balanced across conditions. The full list of items

with their characteristics can be found in Appendix M.
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Table 15. Summary of the six conditions of the English LDT.

REAL WORDS Occurrences per PSEUDOWORDS Orthographic
million neighbours (N)

High frequency >100 Dense neighbourhood >5

Mid frequency 30-70 Sparse neighbourhood 1-2

Low frequency <10 No neighbourhood -

The task was administered on a laptop computer using E-Prime software (Schneider et
al., 2002). Children were told that they were going to see some letter strings in the middle of the
screen, some of which were existing words in English and some were made-up by the
experimenter. For each letter string, they had to decide whether it constitutes a real word in
English or not, and press one of two buttons on the keyboard. If it was a real word, they were
instructed to press the green button which was marked on the keyboard with a green sticker on
top of the “0” key. If it was not a real word, they had to press the red button which was marked
with a red sticker placed on the “1” key. They were told to respond as quickly and as accurately
as possible. The items were presented in random order and each letter string remained on the
screen until the child gave a response. To familiarize the children with the task, the 90
experimental trials were preceded by five practice trials during which feedback was provided.
Both accuracy and RTs were recorded. For the analysis of the reaction time data incorrect trials

were discarded as were trials with RTs below 250ms since these are most likely anticipatory.

Greek

The LDT in Greek was taken from Andreou (2015) and consisted of 140 items, 60 real words,
60 pseudowords and an additional set of 20 illegal non-words (i.e., non-words that violate the
phonotactic rules of Greek). The real words varied in frequency, 20 words of high frequency, 20
words of mid frequency and 20 words of low frequency whereby the frequency counts were
derived from Greek primary school textbooks used in Years 5 and 6. In each frequency
condition (high, mid, low) 10 words were feminine and 10 words were masculine. The
pseudowords were formed by changing either the first or second letter of an existing word with
half of the pseudoword items displaying a typically feminine inflectional ending and the other
half a typically masculine ending®. The resulting pseudowords varied in the frequency of the
initial consonant clusters with 20 pseudoword items containing consonant clusters of high
frequency, 20 items with consonant clusters of mid frequency and 20 items with consonant

clusters of low frequency. The frequencies of the consonant clusters were based on the ISLP

% Note that in Greek grammatical gender (masculine, feminine and neuter) is marked overtly on all
nominal endings. Although nominal endings in Greek are not entirely unambiguous with regard to
gender, most endings have a strong predictive value for only one of the three genders (see Mastropaviou
& Tsimpli, 2011; Varlokosta, 2011), and can therefore be described as ‘typically masculine or
feminine’.
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PsychoLinguistic Resource (Protopapas, Tzakosta, Chalamandaris & Tsiakoulis, 2012). The
illegal non-words were formed by taking real words with initial consonant clusters and
replacing either the first or second consonant with another, so that the resulting consonant
cluster violated the phonotactic rules of Greek (i.e., they were unpronounceable). All 140 items
were either two or three syllables in length (balanced across conditions). The full list of items
and their characteristics can be found in Appendix N. Like the English version, the Greek
version was administered on a computer laptop using E-Prime software (Schneider et al., 2002).
The administration procedure and the instructions were the same as in the English version of the
task (see above). Both accuracy and RTs were recorded.

Overall task performance on the LDT in English and Greek was calculated in two ways.
Overall accuracy was calculated in terms of the total number of correct responses for both
words and pseudowords (90 for English and 120 for Greek, excluding the 20 illegal non-words)
converted into percentages. In addition to overall accuracy, A’ scores were derived on the basis
of hit and false alarm rates since the task design of the LDT is equivalent to a Yes/No task.
Thus, correct responses to real words were coded as hits and incorrect responses to
pseudowords were considered false alarms. A hit rate (H) and false alarm rate (F) was then
calculated for each participant and the two rates were subsequently entered into a formula to
derive the A’ scores (see description of the 2-back task in 2.4.3 above for further details).
Moreover, the effect of lexicality on children’s performance was calculated by subtracting the
median RT for real words from the median RT for pseudowords®. Thus, the lexicality effect
reflects the extent to which children were slowed down in their responses to pseudoword stimuli
using their RT to real words as a baseline. The 20 illegal items that were included in the Greek
LDT were not considered in the above calculations. Instead performance on the illegal non-
words was used as an exclusion criterion in that children who scored below 40% on these words

were removed from the analyses of the Greek LDT.

English Decoding Task

Word reading skills in English (henceforth decoding) were assessed with the Single Word
Reading Test (SWRT 6-16; Foster, 2007) which is included in the York Assessment of Reading
for Comprehension for primary school children (YARC Primary; Snowling et al., 2009). The
SWRT is standardized for children between 5-12 years old and consists of 60 real words of
increasing difficulty which children are asked to read out loud (see Appendix O, for full list of
items). The SWRT is not timed and thus measures only reading accuracy, not reading speed.
The 60 items are presented on one page and are organized in sets of ten items. Children were

instructed to read out the words on the page to the experimenter. If there was a word that they

** Median RTs were used rather than mean RTs because of the overall high latencies and the large
variation.
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were unfamiliar with they were encouraged to try to sound it out, but they also had the
possibility to skip unknown or difficult words. No feedback was provided and testing stopped if
the child appeared to reach ceiling, however, they were still given the opportunity to carefully
consider the remaining words on the page. Children’s responses were recorded on a score sheet
and the final score was the total number of correctly read items out of 60. This raw score could

then be converted into a standard score with a mean of 100 and a SD of 15.

Greek Decoding Task

Decoding skills in Greek were assessed with two subtests of the Test Alpha (Teot Avavyvoong
“Reading Test”) (TEST-A; Panteliadou & Antoniou, 2007). The TEST-A is a standardized
assessment tool that provides measures for four component skills of reading: i) decoding
accuracy, ii) morphological and syntactic awareness, iii) reading fluency, and iv) reading
comprehension. The two subtests that were used to index decoding accuracy were word reading
(53 items) and pseudoword reading (24 items). The full list of items of the two subtests can be
found in Appendix P.

The pseudowords reading test was administered first. All of the pseudowords
conformed to the phonotactic rules of Greek, i.e., only permissible letter combinations were
used. The 24 items were organized in columns of increasing difficulty and presented on two
cards. Children were asked to read out the words on the cards one-by-one and were reminded to
pay attention to the stress accents®. No feedback was provided and children were encouraged to
try and read all the pseudowords on the cards. The test was discontinued if children failed to
correctly read out five consecutive items. The pseudoword reading subtest was followed by the
single word reading test. The procedure and instructions were the same as in the pseudoword
reading test. Items were again arranged in columns and children were asked to try and read out
all the words on the three cards. Testing was stopped if children erred on five consecutive items.
The final score was the total number of correctly read items out of 24 (pseudowords) and 53
(real words). The scores were kept separate and not combined into a composite score to
facilitate comparison with the decoding measure in English given that the SWRT only includes
real words. Although the TEST-A provides standardized norms for children from 8;9 to 14;9
years of age, standard scores could not be computed for the decoding component as the norms
are for a composite score that includes a third task which was not administered for the present

project.

English Reading Comprehension
Reading comprehension in English was assessed with the York Assessment for Reading

Comprehension: Passage Reading Primary (YARC Primary; Snowling et al., 2009) which is a

2> Modern Greek uses the diacritic mark () to indicate stress, e.g., zévoc “stress”.
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standardized test suitable for use with primary school children (aged 5-11). The test requires
children to read two passages (one fiction and one non-fiction) and to answer a series of
comprehension questions that tap both literal and inferential comprehension skills. In addition to
comprehension, the YARC passage reading also provides measures of reading accuracy and
fluency, although only comprehension was assessed in the present project. The test comprises
two parallel sets of passages (Form A and Form B) that are presented in a booklet. Only Form A
was used in the present project. Each form contains seven passages that are graded in difficulty
such that the Level 1 passage is aimed at children in Year 1, the Level 2 passage is aimed at
children in Year 2 and so forth through to Level 6. The Level 1 passage is preceded by the
Beginner passage aimed at children in reception. Each passage is accompanied by eight
comprehension questions. Children read two passages (at adjacent levels) with the passages
alternating between fiction and non-fiction so that each child read one passage of each type®
(see Table 16, for an overview of the various topics of the passages). For the majority of
children, the starting passage was determined on the basis of their Year group at primary school.
However, for some of the children (especially bilinguals with relatively little exposure to
English), the starting passage was below the expected level. In these cases, the level of
difficulty of the first passage was chosen on the basis of their performance on the SWRT (the
YARC provides a guide to choosing the starting passage level depending on SWRT raw scores).

Once the starting level has been chosen, children are asked to read out the passage to
the experimenter. They are further instructed to read the passage carefully as, at the end of the
passage, they would be asked some questions about the content. While children were reading
the passage, the experimenter was allowed to correct them if they made reading errors to help
maintain comprehension. However, if a child made too many reading errors (>15 at the
Beginner Level, Level 1 and Level 2; >20 at Levels 3, 4, 5, 6), the experimenter refrained from
asking the comprehension questions and administered an easier passage. If the child read the
passage with a sufficient level of accuracy, the experimenter proceeded with the eight
comprehension questions. The experimenter was not allowed to rephrase the question in any
way or prompt the children or provide feedback. However, the children were permitted to refer
back to the passage when answering the questions, and were encouraged to guess if they were
not sure about the answer. Children’s responses were recorded on a score sheet and voice-
recorded for subsequent verification.

Children’s answers to the comprehension questions were scored using the guidelines
provided by the YARC. For some of the question items, the child’s answer had to contain a

certain key word to be scored as correct. In general, however, responses were marked as correct

% This does not hold for the Beginner Level passage and the Level 1 passage which were both fictional.
The Beginner Level passage also has special administration rules which are not included here since the
children in the present project were older and none of them was administered the Beginner Level
passage.
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if the gist was identical to that given in the answer key. The passage score was the total number
of correctly answered questions out of eight. In order to derive a reading ability score, the test
requires the children to read a second passage. The additional passage was selected on the basis
of the child’s score on the comprehension questions of the starting level passage. If they scored
4 or less they were administered the next passage at a lower level (e.g., Level 4 — Level 3) and
if they scored 5 or more they moved to the passage at the next higher level (e.g., Level 5 —
Level 6). The comprehension scores were summed across the two passages and were
subsequently converted into an ability score which reflects both the child’s raw score and the
level of difficulty of the passages that were administered. Consequently, a raw score of e.g., 10
attained on passages 2 and 3 yield a lower ability score than the same raw score obtained on the
more difficult passages 4 and 5. Finally, children’s ability scores could be converted into
standard scores (M=100, SD=15). Note that unlike other standardized (language) assessments,
the standardization sample of the YARC included 14% children who spoke English as an
additional language which is about the same amount as for primary school pupils in England

reported in national statistics when the test was published (DCSF, 2009).

Table 16. Overview of the different passages comprising Form A of the YARC.

Difficulty Passage Topic
Level type
Beginner Level  fictional text about a girl putting on an outfit to go to a party
Level 1 fictional text about a boy flying on an aeroplane for the first time
Level 2 non- text about robins (where they live, what they eat, etc.)
fictional
Level 3 fictional text about a burglar that accidentally brakes into a
policeman’s house
Level 4 non- text about a type of lizard called Goanna (physical
fictional appearance, habitat, behaviour, etc.)
Level 5 fictional text about a boy who is on a camping trip with his family and
saves the breakfast from being eaten by a dog
Level 6 non- text about pirates in general and the fate of two female
fictional pirates in particular

Greek Reading comprehension

The two subtests of the reading comprehension component of the TEST-A (Panteliadou &
Antoniou, 2007) were used to measure children’s reading comprehension skills in Greek. The
first task was a sentence matching task and consisted of four test items and one practice item.
For each item, children had to read a set of five sentences and find the two that were equivalent
in meaning (see Table 17, for an example). The final score was the total number of correctly

identified sentence pairs out of a maximum of four. The second subtest of the reading
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comprehension component was the passage reading task. The subtest consisted of three
passages that were between 97-127 words in length and of increasing difficulty (A, B, C). The
first passage was fictional and the other two were non-fictional. Children were asked to read out
the first passage printed on a card. Once they finished they were asked 7 multiple choice
questions about the passage they just read (see Table 18, for further description of the
questions). The multiple choice questions were again presented on a card, however, they were
read out aloud by the experimenter. For each question, children had to choose one out of four
options. Moreover, they were allowed to refer back to the passage when answering the
questions. If the child provided at least three correct answers for a given passage, the
experimenter proceeded with the next passage, otherwise testing was discontinued. The final
score was the total number of correctly answered questions out of a maximum of 21. The TEST-
A provides standardized norms for children from 8;9 to 14;9 years of age. Thus, composite
scores for the reading comprehension component from the sentence matching and passage

comprehension subtests could be converted into percentiles and Grade equivalents.

Table 17. Practice item of the sentence matching subtest of the TEST-A.

H daokdlro poipace ta Pipiria. “The teacher distributed the books.”
H dackdia diopbwoe to fiAic. “The teacher corrected the books.”
Ta pipiic porpaotnkay amo “The books were distributed by the
dackdaia. teacher.”
Ta BPria givon kKavodpyo. “The books are new.”

5 H daokdra etvar avotnpn. “The teacher is strict.”

Table 18. Overview of question types of the reading comprehension subtest of the TEST-A.

i Question probing factual information given in the text
e.g., Who decided to go and look for the treasure?

i Question about the meaning of a particular word
e.g., What does X mean?

iii Question requiring the interpretation or paraphrase of a sentence from the passage.
e.g., How do you know that the children are happy?

iv Question probing the main topic/idea of the passage
e.g., Choose a suitable title.

% Question requiring the child to detect a wrong statement.
e.g., Which statement does not agree with the text?

Vi Question requiring inference or the identification of abstract characteristics
e.g., How would you characterize X?

vii Question requiring evaluation of the passage or the identification of abstract
characteristics
e.g., How would you characterize X?
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2.4 Measuring levels of biliteracy

Literacy comprises two major components, reading and writing. By definition, biliteracy is the
ability to read and write in two languages. Recall that the development of writing skills is
outside the scope of the present study, thus the terms literacy and biliteracy are used to refer to
reading skills only. Although bilingualism and biliteracy are related constructs, they are clearly
separable in that one does not necessarily entail the other. Measuring degrees of bilingualism in
terms of language dominance has received considerable attention during recent years (e.g.,
Treffers-Daller & Silva-Corvalan, 2016). In the relevant literature, researchers generally agree
that bilingualism is a multidimensional phenomenon that is best described by language
proficiency and/or use (Luk & Bialystok, 2013; Treffers-Daller, 2016). However, there is little
consensus on how to best operationalize these constructs and indices of bilingualism and
language dominance have been calculated in different ways (Birdsong, 2016). In contrast to
bilingualism, research on biliteracy is still in its infancy and only few studies have tried to
measure biliteracy as a single outcome (Proctor & Silverman, 2011). Consequently, there is
currently no commonly used index of biliteracy. In the present study, levels of biliteracy were
measured in two different ways: 1) based on information from the questionnaires about the
amount of formal schooling received (BIS; Biliteracy Index Schooling), and 2) based on the
children’s performance on the word reading measure?’ (BIR; Biliteracy Index Reading). Thus,
the two indices reflect the two core aspects that have been shown to be central to the
measurement of bilingualism with use (or experience) being indexed by amount of formal
schooling and proficiency being indexed by task performance. Each index was calculated in two
different ways. Following Treffers-Daller and Korybski (2016), the first calculation was done
using the Edinburgh formula as presented in Birdsong (2016). The formula was initially
developed within the study of handedness (Oldfield, 1971), and is calculated as the difference
between scores for the two languages divided by the sum of the scores for the two languages
with the resulting ratio being multiplied by 100 by convention. Hence, the index scores range
from -100 to +100. The second calculation was adopted from Blom et al. (2014) who computed
a bilingual proficiency score based on children’s performance on vocabulary measures in the
two languages. First, they calculated a balance score by dividing the higher score by the lower
score. The balance score was subsequently subtracted from the average score for the vocabulary
measures in the two languages to form the bilingual proficiency score. The advantage of this
formula is that it retains information about raw scores and combines it with relativistic scores
(i.e., the balance score). The following two subsections report the results from the calculations
of the various indices for the bilingual sample. The four indices and the formulae by which they

were calculated are summarized in Table 19.

%" The decoding measure was chosen over the reading comprehension measure because the latter had a
different format and range of difficulty in the two languages (English: open-ended questions vs. Greek:
multiple choice questions).
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Table 19. Overview of the four biliteracy indices.

Index Measure Formula

BIS1 amount of schooling English — Greek .
*

BIR1 reading performance English + Greek

BIS2 amount of schooling English + Greek  higher score

BIR2 reading performance 2 ~ lower score

2.4.1 Index based on schooling (BIS)

The biliteracy indices based on schooling were derived from the index scores for amount of
formal schooling received in English and Greek?®® which had been calculated on the basis of
relevant information obtained in the questionnaires (see section 2.2.3). The scores for amount of
schooling were entered into the Edinburgh formula to compute the BIS raw scores. The English
scores were always entered as the first term in the subtraction and Greek scores as the second
term. Because English index scores were used as the ‘baseline’, positives scores reflect overall
more literacy instruction in English, while negative scores emerge for children who have
received more formal instruction in Greek. The average index score from this calculation was
27.2 (SD: 70.5) indicating that as a group, the children had received more formal instruction in
English than in Greek (see Table 20). However, the direction of the difference in terms of
amount of formal schooling was irrelevant for the present purposes, so the initial raw values
were converted into absolute values to derive the BIS1 scores. Although information on the
direction of the difference is lost, the interpretation of the index scores remains the same in the
sense that values closer to 0O reflect equal amounts of formal schooling in the two languages,
while higher values indicate increasingly unequal amounts of formal instruction. The mean for
the BIS1 with absolute values was 71.8 (SD: 21.6) suggesting that the majority of the children
had received fairly unequal amounts of schooling in the two languages. Figure 15 shows the
distribution of BIS1 scores and the proportion of children who had received more instruction in
English than in Greek and vice versa (i.e., the proportion of negative and positive raw scores).
There were a handful of children who showed very high degrees of biliteracy (BIS1<20), 14
children had an index score between 40-65 and the remaining 31 children had very unbalanced
literacy across the two languages with index scores of 75 or higher. From the 14 children with
BIS1 scores in the middle range, 11 had more formal instruction in Greek and 3 had more

instruction in English. Within the 31 children with very unequal amounts of schooling in the

28 For the child who had received some instruction in a third language, the amount of instruction in this
other language was not taken into account. Hence, the BIS for this child was based on amount of
instruction received in English and Greek only.
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two languages, 5 had more schooling in Greek than in English and for the remaining 26 children

the opposite was the case.

Table 20. Scores for the biliteracy indices based on schooling (BIS).

BIS (raw) BIS1 BIS2
n 48 48 48
mean 27.2 71.8 231.5
SD 70.5 21.6 62.3
range -90.9-96.6 8.5-96.6 117-338
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Figure 15. Distribution of BIS1 scores and proportion of children with more English vs.
Greek schooling.

The second variant of the BIS was computed with the formula adopted from Blom et al.
(2014). The group average for the BIS2 scores was 231.5 (SD: 62.3) (see Table 20). Recall that
this index incorporates both raw scores and relativistic scores, so the interpretation is slightly
different from the BIS1. The BIS2 reflects actual amount of schooling more so than it does
relative amount, which is merely applied as a correction of the average score. Hence, higher
index scores indicate overall more amount of formal schooling across both languages. The
scores for the BIS2 showed a roughly normal distribution across the sample (see Figure 16).
Moreover, the 16 children who had received more schooling in Greek than in English had BIS2
scores in the middle and upper range, while all the children with lower BIS2 scores had had

more English schooling.
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Figure 16. Distribution of BIS2 scores and proportion of children with more English vs.
Greek schooling.

2.4.2 Index based on reading performance (BIR)

The second set of biliteracy indices was calculated on the basis of children’s performance on the
decoding measures. Recall that the single word reading test in English only included real words
while in Greek the task included both real words and pseudowords. To make the measures as
similar as possible across languages, only accuracy on real words was included for Greek.
Children’s scores were converted into percentage scores to correct for differences in scale (60
items in English vs. 53 items in Greek). The percentage scores for single word reading were
entered into the Edinburgh formula to compute the BIR raw scores. The group mean was 9.5
(SD: 24.2) suggesting that the children had very similar levels of decoding skills in the two
languages with overall slightly higher scores in English (see Table 21). The raw values were
again converted into absolute values to derive the BIR1 scores. The mean for BIR1 was 14.9
(SD: 21.2) confirming that the differences in word reading skills between the two languages
were very small (see Table 21). Figure 17 shows the distribution of the BIR1 scores and the
proportion of children who scored higher on the decoding measure in English than in Greek and
vice versa (i.e., the proportion of positive and negative raw scores). The vast majority of the
children (n=41) had very similar levels of decoding skills in Greek and English with BIR1
scores between 0-20. Out of these 41 children, 21 had slightly better decoding skills in Greek
and the remaining 20 had marginally better decoding skills in English. Three children had BIR1
scores between 20-40, with one child showing higher decoding skills in Greek and two children
exhibiting superior performance in English. The remaining six children all had better decoding
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skills in English than in Greek. Three had BIR1 scores between 50-60, and three had scores
between 75-85.

Table 21. Scores for the biliteracy indices based on reading performance (BIR).

BIR (raw) BIR1 BIR2
n 50 50 50
mean 9.5 14.9 75.5
SD 24.2 21.2 19.5
range -20.3-82.1 0.3-82.1 9.3-93.9
251 [ IENG>GR
EGR>ENG

207

Frequency
Bl

5

i — [ |

I
0 20 40 60 80 100
BIR1

]

Figure 17. Distribution of BIR1 scores and proportion of children with higher scores on
English vs. Greek decoding.

The calculation of the BIR2 scores yielded a group average of 75.5 (SD: 19.5)
suggesting that overall, children scored quite high on the word reading test in both languages
(see Table 21). Inspection of the histogram revealed that the distribution of BIR2 scores was
skewed to the left (see Figure 18). More than half of the children (n=27) had a BIR2 score of
>80 and for 16 children, the scores were between 60-80. The remaining seven children all had
BIR2 scores below 60 (three children between 40-60, two children between 20-40 and two
children between 0-20), indicating that they had fairly low levels of decoding in one or both of
the languages. The 22 children who scored higher on the Greek decoding measure than on the
English one all had BIR2 scores above 60 (four between 60-80, and 18 above 80).
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Figure 18. Distribution of BIR2 scores and proportion of children with higher scores on
English vs. Greek decoding.

2.5 Procedure

Prior to the start of the data collection, the study was reviewed by the University of Reading
Research Ethics committee and was given a favourable ethical opinion for conduct. The study
ran between April 2014 and June 2016 and took place in the UK and Greece. Most of the data
were collected by a near-native speaker of English and Greek. Two trained experimenters who
were native speakers of Greek aided with the data collection of the L1-Greek children in
Greece, and another two trained experimenters who were also native speakers of Greek helped
with the collection of the Greek data from the bilinguals in the UK. In terms of testing location,
children that were recruited directly via their primary school were assessed in a quiet room or
corner of the school during school hours®. This was the case for all the bilingual children
recruited from the Greek school in London, approximately half of the children from the L1-
English sample, and all of the children from the L1-Greek sample. For the remaining children,
an appointment was arranged to take place either at the Psychology department of the
University or at the children’s homes during after-school hours, weekends or half terms. The
test battery for the monolingual Greek and English children lasted approximately 90 minutes
and was divided into two sessions of around 45 minutes each. The bilingual children were
assessed in both of their languages over three to four sessions lasting about one hour each. The

sessions for the monolinguals were no more than two weeks apart, while the sessions for the

» Some of the L1-Greek children attended the ‘all day’ programme of their school and were thus
sometimes assessed after regular school hours.
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bilinguals were spread over a maximum of six weeks. The bilingual children could choose in
which language they wanted to do the tasks first which was typically the language they felt
more comfortable with. The tasks were presented in a semi-fixed order that attempted to balance
task demands. The participating children were allowed to take short brakes between tasks if they
wished to do so. Finally, the children were rewarded for their participation with small gifts (e.g.,
pencils, stickers, etc.) or snacks after each session.
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CHAPTER 3 - GROUP & LANGUAGE COMPARISONS

3.1 Research hypotheses & predictions

The aim of this chapter is to examine the Greek-English bilingual children’s strengths and
weaknesses in the domains of language, literacy, and cognition. Previous research that has
compared the performance of monolinguals and bilinguals on different tasks has shown
asymmetries both within and across domains. For example, large group differences in favour of
monolinguals have been reported for measures of oral language skills, particularly expressive
vocabulary, while no such differences emerge for basic literacy skills. However, the presence or
absence of significant group differences between monolinguals and bilinguals in the various
domains depends on a number of factors. One of these factors is language status, i.e., whether
the bilingual children’s language skills are assessed in the majority or the minority language.
Generally, group differences are more marked in the bilingual children’s minority language,
especially for skills that require language-specific knowledge. On the other hand, there have
been a lot of conflicting findings in the literature, suggesting that the results depend heavily on
task-specifics of the measures used to assess the various skills of interest. Hence, more studies
are needed that provide systematic assessments of bilingual children’s language skills in both
languages across different domains. The current study adds to the existing literature by
comparing bilingual and monolingual children’s performances on a range of cognitive tasks, as
well as linguistic measures in both languages. Bilingual profile effects were further investigated
by comparing bilingual children’s language and literacy skills across the two languages. The

specific research questions addressed in this chapter are as follows:

i.  Are there any group differences in non-verbal 1Q and expressive vocabulary
scores?

The first step was to compare the three groups on Raven’s scores to ascertain that the
comparisons between the bilinguals and the monolinguals on the various measures are not
confounded by differences in non-verbal 1Q. As mentioned in chapter 2, the three groups were
comparable in SES, so no differences are anticipated for this measure. By contrast, bilinguals
tend to score lower on measures of vocabulary than their monolingual peers in each of their
languages (e.g., Bialystok et al., 2010), although when both languages are considered, the size
of the total conceptual vocabulary is the same or even larger in bilinguals (Pearson et al., 1993).
Thus, the monolingual control groups are predicted to outperform the bilinguals on the measure
of expressive vocabulary in both languages, but especially in the minority language Greek.
Finally, no difference in expressive vocabulary scores is predicted between the two monolingual

control groups given the comparability of the tests used in the two languages.
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ii. Do the bilingual children differ from their monolingual peers in oral language skills
in the two languages English and Greek (after controlling for vocabulary)?

Although bilinguals are known to score lower on vocabulary measures than their
monolingual peers in each language, research has shown that grammatical skills are largely
unaffected by bilingualism. Nevertheless, language processing in bilinguals is more effortful
due to the simultaneous activation of both languages which leads to lexical competition (e.g.,
Marian, Spivey & Hirsch, 2003; van Heuven, Dijkstra & Grainger, 1998). Sentence repetition
tasks (SRTSs) tap both vocabulary and grammatical skills, and place high processing demands on
working memory. As a consequence, the bilingual children in the current study are predicted to
score lower than their monolingual peers in terms of overall accuracy in both languages.
However, in line with previous research (e.g., Komeili & Marshall, 2013), any differences
between monolinguals and bilinguals will be reduced, or even disappear, after statistically
controlling for vocabulary. In contrast, grammaticality and correct use of the target structure
implicate little or no lexical skills. Hence, for the majority language English, the bilinguals are
expected to perform on a par with their monolingual peers on these two measures. For the
minority language Greek, on the other hand, there are more likely to be group differences given
that the majority of the children receive relatively little input in Greek, which might not have
been sufficient to acquire the more difficult grammatical structures in Greek yet. In any case,
the group differences are expected to be smaller once lexical skills are controlled for. Research
focusing on listening comprehension skills of bilinguals has shown significant effects of
bilingualism with superior performance by monolinguals (Droop & Verhoeven, 2003;
Hutchison, Whiteley, Smith & Connors, 2003). Thus, it is predicted that the monolinguals will
outperform the bilinguals in both languages, but even more so in the minority language Greek.
As with the other oral language measures, the size of the effect is expected to be considerably

smaller once vocabulary knowledge is accounted for.

iii. Do the bilingual children differ from their monolingual peers in executive function
abilities?

Early studies on the relationship between bilingualism and executive function skills
suggested a bilingual advantage in inhibitory control (e.g., Bialystok, 1999; Bialystok & Martin,
2004; Bialystok & Viswanathan, 2009). More recently, researchers have also argued for a link
between bilingualism and superior task switching abilities (e.g., Bialystok & Barac, 2012;
Wiseheart et al., 2016). Moreover, there is some evidence for a bilingual advantage in working
memory and updating skills (e.g., Blom et al., 2014; Marinis et al., under review; Morales et al.,
2013), although numerous studies have failed to observe any group differences as a function of
bilingualism (e.g., Engel de Abreu, 2011; Ratiu & Azuma, 2015). Recent reviews of the

relevant literature have shown that overall, the findings are highly inconsistent and that the
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results might be confounded by a publication bias (Klein, 2016; Paap & Greenberg, 2013; von
Bastian, Souza & Gade, 2016). One factor that has been suggested to explain the different
findings across studies is task complexity, in that bilingual advantages only emerge in tasks that
place high demands on executive function skills (Costa, Hernandez, Costa-Faidella &
Sebastian-Galles, 2009; Hofweber, Marinis & Treffers-Daller, 2016; Marinis et al., under
review).

In light of the mixed findings, the predictions as to which EF measures might show
effects of bilingualism can only be tentative. Most studies that have found a bilingual advantage
have used complex tasks that require participants to inhibit conflicting information. Hence, a
bilingual advantage is likely to emerge in the Global-Local task which was designed to tap
inhibition and task switching abilities. If bilingualism affects WM skills, superior performance
on part of the bilinguals is expected on a measure of non-verbal WM, namely the Mr. X task. In
contrast, the digit backwards task measures verbal WM and thus, includes a language
component. Consequently, any effects of bilingualism on WM skills might be obscured by the
bilingual children’s lower language proficiency since verbally mediated assessments of working
memory are dependent on vocabulary knowledge and verbal ability in general (Nation, Adams,
Bowyer-Crane & Snowling, 1999). However, if bilingualism enhances WM skills, a bilingual
advantage in verbal WM should emerge after statistically controlling for language proficiency.
Similarly, the 2-back task employed digits and therefore, includes a language component. As
such, no group differences are expected between monolinguals and bilinguals unless the
bilingual children’s lower language proficiency is controlled for. Finally, it is anticipated that
the monolingual children will outperform the bilinguals on the letter fluency task due to its
strong verbal component and the fact that bilingual children typically have smaller vocabularies
in each of their two languages than their monolingual peers in the respective languages.
However, in line with previous research (e.g., Bialystok, Craik & Luk, 2008; Luo, Luk &
Bialystok, 2010), the difference between monolinguals and bilinguals should disappear when

vocabulary is controlled for.

iv. Do the bilingual children differ from their monolingual peers in literacy skills in the
two languages, English and Greek?

Only a few studies have compared monolingual and bilingual children’s performance on
rapid serial naming tasks. In a longitudinal study, Geva et al. (2000) found that children who
were learning English as an L2 were significantly slower on a measure of rapid serial naming
than their monolingual peers at the end of grade 1. However, the difference had disappeared by
the beginning of grade 2. Hence, for the measure of rapid naming, the prediction is that there
will be no difference between the monolinguals and the bilinguals. This is because although the

bilinguals show slower lexical access (due to interference from the other language or due to
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weaker ‘links’ or ‘neural connections’), rapid naming also implicates executive function skills
(Protopapas, Altani & Georgiou, 2013), which are argued to be enhanced in bilinguals. Thus, it
is hypothesized that the slower lexical access and the enhanced EF skills will cancel each other
out, leading to equal performance by the two groups. Previous research comparing decoding
skills of monolinguals and bilinguals has yielded mixed results, but overall there seems to be
little evidence that bilingualism affects word reading skills positively or negatively (Melby-
Lervag & Lervag, 2014). Hence, no group difference is anticipated for the measure of decoding
skills. Moreover, bilinguals are predicted to outperform monolinguals on single word reading
once lexical skills are controlled for (Burgoyne, Kelly, Whiteley & Spooner, 2009; Burgoyne et
al., 2011). Turning to reading comprehension, a number of studies have found lower
performance of bilinguals compared to their monolingual peers (e.g., Babayigit, 2014; Thomas
& Collier, 2002; Verhoeven, 2000). Thus, the prediction is for the monolinguals to outperform
the bilinguals on reading comprehension in both languages. Again the size of the effect is
expected to be attenuated once vocabulary is taken into account. Performance on the visual
lexical decision task is largely dependent on decoding skills and vocabulary and to a lesser
degree on orthographic knowledge. Given the predicted differences in vocabulary in favour of
the monolinguals, the monolinguals are expected to show better performance on the lexical
decision task than the bilinguals in both English and Greek. However, the differences are

predicted to disappear once individual differences in vocabulary have been accounted for.

v.  How does the bilingual children’s performance in the minority language compare to
performance in the majority language?

Bilinguals who are equally proficient in their two languages across different domains
are extremely rare (Treffers-Daller, 2016). The bilingual children in the current sample were all
residing in the UK and the majority went to English mainstream schools. In addition, the
analysis of the questionnaires showed that the bilingual children had received more formal
instruction in English than in Greek and that English was used more frequently than Greek on a
daily basis (see sections 2.2.2 & 2.2.3). Given the status of English as the majority language, it
is predicted that overall, the bilingual children’s performances on the English measures will
exceed performances on Greek measures. However, larger differences across the two languages
are expected for measures that tap primarily language-specific knowledge, such as vocabulary,
sentence repetition, narrative microstructure and listening comprehension. On the other hand,
scores on measures that include a relatively large cognitive component, but less language-
specific skills and knowledge are expected to be more similar across languages (e.g., verbal
WM, decoding). Moreover, tasks that tap expressive language skills (e.g., vocabulary, story
production) are predicted to show larger crosslinguistic differences than tasks that assess more

receptive language skills (e.g., lexical decision, listening comprehension). Finally, the extent to
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which the various measures tap language-specific vs. language-invariant skills should also be
reflected in the crosslinguistic correlations of the various scores (Cardenas-Hagan, Carlson &
Pollard-Durodola, 2007). Thus, stronger positive correlations are anticipated for tasks with
larger cognitive components, while negative or no correlations are predicted for measures that

tap primarily language specific-knowledge.

3.2 Analyses

The data were analysed with SPSS software (Statistical Package for the Social Sciences version
21; IBM, 2012). A series of analyses of variance (ANOVA) and covariance (ANCOVA) was
carried out in order to address the first four research questions posed in this chapter. The first
step was to determine whether the groups differed on the baseline measures of non-verbal 1Q
and vocabulary. Baseline measures that showed a significant group difference were entered as
covariates in the subsequent analyses of the experimental measures. Recall that the children’s
age ranged from 7 to 12 years and the Greek monolingual control group was significantly older
than the other two groups. Hence, age was used as a covariate in all of the group comparisons.
Levene’s test was used to test for equality of variances. Finally, each analysis was re-run
including all two-way and three-way interactions between the independent variable (group) and
the covariates to make sure that the data met the assumption regarding homogeneity of
regression slopes. The fifth research question was investigated by running a series of paired-
samples t-tests to compare the bilingual children’s performances in the two languages. Finally, a
correlational analysis was carried out to examine any cross-linguistic relationships between the

bilingual children’s performances in English and Greek.

3.3 Results: Group comparisons for baseline measures

Table 22 gives an overview of the bilingual and monolingual children’s raw scores on the
Raven’s Coloured Progressive Matrices (n, M, SD, range) as well as expressive vocabulary
scores in English and Greek. The descriptive statistics suggest equal performance by the three
groups on the Raven’s while the bilinguals seem to score lower than their monolingual peers on

the measure of expressive vocabulary, especially in the minority language Greek.
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Table 22. Scores on Raven's Coloured Progressive Matrices and expressive vocabulary in
English and Greek.

Bilinguals L1-English L1-Greek
Raven’s n 50 58 66
max. 36 mean 31.6 30.0 30.9
SD 35 3.8 3.7
range 21-36 19-36 20-36
English Vocabulary n 50 58
max. 50 mean 38.1 43.3
SD 6.5 2.6
range 24-48 36-49
Greek Vocabulary n 50 66
max. 50 mean 30.4 43.2
SD 10.2 3.8
range 6-48 31-50

In terms of non-verbal abilities, the ANCOVA with age as covariate revealed no group
differences on Raven’s raw scores (F(2,170)=2.35, MSE=12.5, p=.098, n,’=.027) confirming
that the three groups were well matched on non-verbal 1Q*. For expressive vocabulary scores in
English, the ANCOVA with age as covariate showed that the English monolinguals scored
significantly higher than the bilinguals (F(1,105)=30.53, MSE=23.6, p<.001, np2=.225). The
ANCOVA for expressive vocabulary scores in Greek yielded a reliable group effect with the
Greek monolinguals outperforming the bilinguals (F(1,113)=75.68, MSE=45.4, p<.001,
np2=.401). Note that the effect was almost twice as big in Greek compared to English (np2=.401
for Greek vs. np2=.225 for English). Considering just the two monolingual groups, the
ANCOVA using age as a covariate showed no significant group effect (F(1,121)=2.92,
MSE=9.8, p=.09, np2=.024) suggesting that the two monolingual control groups were equivalent
in terms of lexical skills. Taken together, the results indicate that the gap between the bilinguals
and the monolinguals is smaller for lexical skills in the majority language English than in the

minority language Greek (see Figure 19).

% The analysis using the standard scores from the Raven’s yielded the same results (F(2,170)=2.42,
MSE=222.2, p=.092, n,°=.028).
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Figure 19. Estimated means for vocabulary scores in English and Greek.

3.4 Results: Group comparisons for measures of oral language skills

A series of ANCOVAS was run with age as a covariate and group as between-subjects factor to
test for differences between the bilinguals and the monolinguals on measures of oral language
skills in English and Greek. The dependent measures were the three scores from the sentence
repetition tasks and the scores for the comprehension questions of the narratives. Given that the
bilinguals scored lower than their monolingual peers on the vocabulary measure in both
languages, the analyses were re-run with vocabulary as an additional covariate to ascertain that
any significant differences on the more global oral language measures are not confounded by
lexical skills.

3.4.1 English

Table 23 presents the scores for overall accuracy, grammaticality and correct use of the
structure from the English sentence repetition task. For overall accuracy, the ANCOVA with
age as the only covariate showed a significant group effect with the monolinguals scoring
higher than the bilinguals (F(1,105)=9.12, MSE=43.8, p=.003, np2=.080). However, when
vocabulary scores were included as an additional covariate, the group difference disappeared
(F(1,104)=0.08, MSE=33.4, p=.777, np2=.001). For grammaticality scores, the ANCOVA with
age as covariate yielded a significant group difference with the English monolinguals
outperforming the bilinguals (F(1,105)=10.59, MSE=25.2, p=.002, np2=.092). However, adding
vocabulary scores as a covariate yielded no significant group effect (F(1,104)=0.03, MSE=15.7,
p=.855, np2<.001). For structure scores, the ANCOVA with age as the sole covariate yielded
again a significant group effect in favour of the monolinguals (F(1,105)=9.34, MSE=20.2,
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p.003, np2=.082). The inclusion of vocabulary as an additional covariate yielded no significant
differences between groups (F(1,104)=0.09, MSE=15.3, p=.766, np2=.001). Figure 20 shows the

estimated group means for the set of analyses that included age as a covariate, and the set that

included both age and vocabulary scores as covariates.

Table 23. Overall accuracy, grammaticality and structure scores for the English SRT.

Bilinguals L1-English
Overall accuracy n 50 58
75 s
range 64.4-98.9 73.3-100
Grammaticality n 50 58
D T2 20
range 60.0-100 93.3-100
Structure n 50 58
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range 73.3-100 86.7-100
I Bilinguals
(age+vocab)
[ L1-English
100 7% %% (age+vocab)
90 7 /
- B R
= o ) O
el | o o
el | o .
N | o o

Accuracy

Grammaticality

Figure 20. Estimated means for SRT scores in English.

Structure

The scores for the comprehension questions (CQ) of the oral narratives are given in

Table 24. The ANCOVA with age as a covariate yielded no significant effect of group for total
scores (F(1,105)=0.12, MSE=31.4, p=.725, n,’=.001). The inclusion of vocabulary as an
additional covariate did not change the results (F(1,104)=0.54, MSE=31.5, p.463, np2=.005). To
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test whether the groups differed on the two different types of comprehension questions, separate
analyses were run for questions tapping factual information and for questions probing mental
states of characters. For factual comprehension questions, the ANCOVA with age as covariate
produced no significant group effect (F(1,105)=0.64, MSE=38.1, p=.424, n,’=.006). The
inclusion of vocabulary as an additional covariate did not yield a significant group effect either
(F(1,104)=0.29, MSE=38.4, p=.593, n,°=.003). For comprehension questions about mental
states of characters, the ANCOVA with age as covariate showed no significant difference
between groups (F(1,105)=0.02, MSE=60.1, p=.898, np2<.001). The results did not change with
the inclusion of vocabulary as an additional covariate (F(1,104)=0.37, MSE=59.3, p=.544,
n,°=.004). The estimated group means for comprehension question scores for the two sets of
analyses (ANCOVA with vocabulary; ANCOVA with age and vocabulary) are shown in Figure
21.

Table 24. Scores for the comprehension questions from the listening comprehension task in
English.

Bilinguals L1-English
CQ total n 50 58
mean 92.0 91.5
SD 6.1 5.1
range 75.9-100 72.4-100
CQ factual n 50 58
mean 94.7 93.6
SD 6.7 5.6
range 71.4-100 78.6-100
CQ mental states n 50 58
mean 89.3 89.5
SD 8.2 7.3
range 66.7-100 66.7-100

Note. CQ = comprehension questions
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Figure 21. Estimated means for scores on the comprehension questions in English.
3.4.2 Greek

Table 25 presents the scores for overall accuracy, grammaticality and correct use of the target
structure for the Greek SRT. The group means for the bilinguals are based on 48 children. This
is because two of the bilingual children could not complete the task due to their low proficiency
in Greek. For overall accuracy, the ANCOVA with age as a covariate showed a significant
group effect with higher scores for the Greek monolinguals (F(1,111)=27.64, MSE=353.9,
p<.001, np2=.199). However, the inclusion of vocabulary as an additional covariate yielded no
significant difference between groups (F(1,110)=1.30, MSE=173.7, p=.257, n,’=.012). For
grammaticality scores, the ANCOVA with age as a covariate yielded again a significant effect
of group with higher performance on part of the Greek monolinguals (F(1,111)=17.80,
MSE=141.3, p<.001, n,’=.138). Adding vocabulary as a covariate in the analysis resulted in no
significant group difference (F(1,110)=0.49, MSE=96.9, p.484, np2=.004). For structure scores,
the ANCOVA with age as the sole covariate showed again a significant group effect in favour
of the monolinguals (F(1,111)=21.61, MSE=249.2, p<.001, n,’=.163). When vocabulary was
included in the analysis as an additional covariate the group effect was not significant
(F(1,110)=1.10, MSE=145.9, p=.297, 1,°=.010). Figure 22 shows the estimated group means for

the three measures from the Greek SRT.
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Table 25. Overall accuracy, grammaticality and structure scores for the Greek SRT.

Bilinguals L1-Greek
Overall accuracy n 48 66
mean 61.8 84.9
SD 27.4 131
range 3.1-100 32.3-100
Grammaticality n 48 66
mean 81.8 93.6
SD 17.3 7.6
range 21.9-100 59.4-100
Structure n 48 66
mean 80.0 95.9
SD 24.0 54
range 9.4-100 65.6-100
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Figure 22. Estimated means for SRT scores in Greek.

Structure

The scores for the comprehension questions for the oral narratives in Greek are

presented in Table 26. The means for the Greek monolinguals are based on 65 children because

of data loss for one child due to equipment malfunction. For total scores on the comprehension

questions in Greek, the ANCOVA with age as a covariate yielded a significant group effect with
the Greek monolinguals outperforming the bilinguals (F(1,112)=18.48, MSE=60.5, p<.001,
np2=.142). However, when vocabulary scores were added as a covariate the group difference
was not significant anymore (F(1,111)=3.11, MSE=57.5, p=.081, np2=.027). Separate

ANCOVAs were run for questions about factual information and for questions probing mental
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states of characters to see whether the results differed as a function of question type. For
guestions about factual information, the ANCOVA with age as a covariate showed a significant
group effect with higher scores for the Greek monolinguals (F(1,112)=10.01, MSE=66.9,
p=.002, n,°=.082). When vocabulary was included as an additional covariate, there was no
significant difference between groups (F(1,111)=2.34, MSE=66.2, p=.129, n,’=.021). For
questions about mental states of characters, the ANCOVA with age as the sole covariate showed
a significant effect of group with the Greek monolinguals scoring higher than the bilinguals
(F(1,112)=15.48, MSE=102.9, p<.001, n,’=.121). However, when vocabulary was added as a
covariate, there was no significant group effect (F(1,111)=1.96, MSE=97.2, p=.164, n,’=.017).
The estimated group means for scores on the comprehension questions are depicted in Figure
23.

Table 26. Scores for the comprehension questions from the listening comprehension task in
Greek.

Bilinguals L1-English
CQ total n 50 65
mean 87.1 93.8
SD 10.1 5.3
range 51.7-100 79.3-100
CQ factual n 50 65
mean 89.6 95.5
SD 10.6 6.0
range 64.3-100 78.6-100
CQ mental states n 50 65
mean 84.7 92.1
SD 12.8 7.4
range 40-100 73.3-100

Note. CQ = comprehension questions
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Figure 23. Estimated means for scores on the comprehension questions in Greek.

3.5 Results: Group comparisons for measures of executive function skills

A series of ANCOVAS was run to examine whether there were any group differences between
monolinguals and bilinguals on the measures of executive function skills. The analyses of EF
measures derived from the tasks that used non-verbal stimuli (i.e., visual working memory,
inhibition and switching) included age as a covariate to control for age differences between
groups. For the tasks that included a verbal component (i.e., updating, verbal working memory
and letter fluency), the analyses were re-run with vocabulary as an additional covariate to
control for differences in lexical skills.

Table 27 gives an overview of the bilingual and monolingual children’s scores on the
non-verbal measures of executive function skills. For the measure of visuospatial WM (i.e.,
scores on the Mr. X task), the ANCOVA with age as a covariate showed no significant group
effect (F(2,170)=0.54, MSE=22.7, p=.582, 1,°=.006). The three groups did not differ in
visuospatial WM abilities. The analyses of the Global-Local task (GLT) is based on a subset of
172 children (bilinguals: 50, L1-English: 58 and L1-Greek: 64) due to technical problems that
resulted in the loss of the data for two children from the Greek monolingual control group. The
ANCOVA with age as covariate showed no significant group effect for overall accuracy on the
GLT (F(2,168)=0.68, MSE=47.3, p=.510, np2=.008). As mentioned in the methodology chapter,
the GLT offers two measures of executive function skills, inhibitory control, measured in terms
of the size of the congruency effect and switching, indexed by the switching cost. With regard
to the congruency effect, the ANCOVA with age as a covariate revealed a significant group
effect (F(2,168)=3.558, MSE=15,383, p=.031, np2=.041). Post hoc comparisons showed that the
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congruency effect was significantly smaller for the L1-Greek compared to the bilinguals
(p=.034), while the L1-English did not differ from the other two groups (both ps>.05). Thus, the
L1-Greek were better able to inhibit conflicting information in incongruent trials compared to
the bilinguals. The same analysis was performed with the size of the switching cost as
dependent variable. The ANCOVA with age as covariate did not reveal any significant group
differences (F(2,168)=1.30, MSE=340,878, p=.274, 1,°=.015). Taken together, the present
results do not provide any evidence for a bilingual advantage on non-verbal executive function
measures*. Figure 24 shows the estimated group means for the non-verbal EF measures for the

three groups.

Table 27. Scores for the non-verbal executive function measures.

Bilinguals L1-English L1-Greek
Visuospatial WM n 50 58 66
mean 16.5 15.0 17
SD 5.6 4.1 5.4
range 5-35 6-26 4-31
GLT accuracy n 50 58 64
mean 93.5% 94.6% 93.1%
SD 6.1 4.2 9.0
range 66.7-100 82-99.5 53.6-99.5
Congruency effect n 50 58 64
(Inhibition) median 170ms 158ms 100ms
SD 127.5 105.1 137.8
range -234.5-492.5 -40.0-469.0 -309.5-424.5
Switching cost n 50 58 64
median 1241ms 1247ms 1295ms
SD 552.0 475.9 727.8
range 114.5-2874.0 499.0-2941.0 -111.0-4017.0

Note. WM = working memory; GLT = Global-Local task

31 Some additional analyses were run to test whether the children showed a bias for either global or local
trials. Thus, level (global, local) was added as a within-subjects factor and order (global first, local first)
was included as a between-subjects factor in addition to group (bilinguals, L1-English, L1-Greek). The
results for accuracy showed a significant two-way interaction between level and order (F(1,165)=17.42,
MSE=136.5, p<.001, an:.O%), but no main effect for either level (F(1,165)=0.01, MSE=136.5, p=.911,
1n,°<.001) or order (F(1,165)=0.04, MSE=136.5, p=.841, 11,°=.006). Moreover, the three-way interaction
was not significant (F(1,165)=.18, MSE=136.5, p=.309, np2=.014). Post hoc comparisons showed that
children who were administered the global block first scored significantly higher in the global block
than in the local block (p=.003). In contrast, for children who were administered the local block first,
the difference between the local and global block was not significant (p=.061), although accuracy was
numerically higher for the local block. The same pattern was observed for reaction times (i.e., the
difference between global and local blocks was larger for children who did the global block first). Thus,
the results seem to suggest a global bias, but importantly the three-way interaction was not significant
indicating that the group results were not confounded by a global bias or order effects.
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Figure 24. Estimated means for non-verbal EF measures.

Table 28 gives an overview of the bilingual and monolingual children’s scores on the
measures of executive function skills that included a verbal component. The analyses of the 2-
back task was based on a subset of 172 children (bilinguals: 50, L1-English: 57 and L1-Greek:
65) due to technical problems that resulted in the loss of two data points (one in each control
group). For the composite scores, the ANOVA with age as the sole covariate yielded no
significant group effect (F(2,168)=1.43, MSE=374.7, p=.243, np2=.017). The analysis was
repeated with vocabulary as an additional covariate® to control for differences in language
proficiency. The results showed no significant effect of group (F(2,167)=1.18, MSE=375.9,
p=.310, np2=.014). For A’ scores, the ANCOVA with age yielded no significant group effect
(F(2,168)=1.80, MSE=102.7, p=.169, np2=.021). The addition of vocabulary as a covariate did
not change the results (F(2,167)=1.45, MSE=103.0, p=.238, np2=.017). Thus, there were no
group differences for the measure of updating skills regardless of whether vocabulary was
controlled for or not (see Figure 25). Next, children’s scores on the digit backwards task in
English were analysed to see whether the groups differed in verbal WM skills. The ANCOVA
with age as covariate did not show a significant difference between groups (F(1,105)=1.92,
MSE=17.2, p=.169, 1,°=.018). However, the inclusion of English vocabulary scores as an
additional covariate yielded a significant group effect (F(1,104)=3.90, MSE=17.0, p=.050,
np2=.036). The adjusted means show that the bilinguals scored higher than the English
monolinguals (bilinguals: adjusted M=18.2, SE=0.63 vs. L1-English: adjusted M=16.4,

% Recall that the bilingual children could choose in which language they wanted to do the 2-back task.
Hence, for the bilingual children who did the English version of the task (N=27) English vocabulary
scores were used as a covariate in the analyses, while for the bilinguals who did the Greek version of
the 2-back task, Greek vocabulary scores were used.
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SE=0.58) on the digit backwards task in English. The same analyses were run for digit
backwards scores in Greek. There was one missing data point in the monolingual group due to a
child being absent on one of the testing days, hence, the analyses included 115 children
(bilinguals: 50 and L1-Greek: 65). The ANCOVA with age as the only covariate did not
produce a significant group effect F(1,112)=0.58, MSE=18.5, p=.447, 1,°=.005). In contrast,
adding Greek vocabulary scores as a covariate together with age resulted in a significant
difference between the two groups (F(1,111)=5.26, MSE=17.6, p=.024, 1,°=.045) with the
bilinguals outperforming the Greek monolinguals (bilinguals: adjusted M=18.9, SE=0.71 vs. L1-
Greek: adjusted M=16.5, SE=0.60). For the letter fluency task in English, the ANCOVA with
age as the sole covariate showed no reliable group effect (F(1,105)=0.19, MSE=53.4, p=.665, ,
n,°=.002). Adding English vocabulary scores as a covariate in the analysis yielded a marginally
significant group effect (F(1,104)=3.46, MSE=49.4, p=.066, 1,°=.032), with the adjusted means
indicating higher scores for the bilinguals than the English monolinguals (bilinguals: adjusted
M=30.0, SE=1.08 and L1-English: adjusted M=27.1, SE=0.99). Thus, the results show that the
bilinguals perform at the same level as their English monolingual peers on the LF task despite
their lower level of proficiency in English. For LF scores in Greek, the ANCOVA with age as a
covariate yielded a significant group effect (F(1,113)=33.29, MSE=41.2, p<.001, np2=.228) with
the monolinguals outperforming the bilinguals. The group effect in favour of the Greek
monolinguals remained even after adding Greek vocabulary scores as an additional covariate to
the analyses (F(1,112)=4.44, MSE=35.8, p=.037, np2=.038). Although controlling for Greek
vocabulary scores did not eliminate the difference between the two groups, the size of the effect
was considerably reduced from n,’=.228 to 1,°=.038. Figure 26 shows the estimated means
from the two sets of analyses for scores on the digit backwards and the letter fluency tasks in

English and Greek.
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Table 28. Scores for the verbal executive function measures.

Bilinguals L1-English L1-Greek
2-back n 50 57 65
score mean 48.1 51.7 48.5
SD 19.9 20.2 18.8
range 0-82.5 -12.5-80 -17.5-87.5
2-back A’ score n 50 57 65
mean 81.2 83.7 81.1
SD 10.2 9.9 10.4
range 50-95.3 42.3-95 36.4-96.6
DB English n 50 58
mean 18.0 16.6
SD 4.8 3.7
range 6-28 9-25
DB Greek n 50 65
mean 17.4 17.7
SD 4.4 4.8
range 7-31 7-30
LF English n 50 58
mean 29.1 27.9
SD 7.8 7.3
range 13-44 12-44
LF Greek n 50 66
mean 19.3 28.4
SD 6.9 7.6
range 9-36 9-50

Note. DB=digit backwards; LF=letter fluency
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3.6 Results: Group comparisons for measures of literacy skills

The monolingual and bilingual children’s performances on the tasks tapping literacy skills were

compared by means of ANCOVAs. One set of analyses controlled for differences in age only,

and one included both age and vocabulary as covariates. The measures of interest were rapid
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serial naming (RAN), decoding, reading comprehension and the scores from the lexical decision
task.

3.6.1 English

Table 29 gives an overview of the bilingual and English monolingual children’s scores on the
various measures of literacy skills in English. Children’s performance on the rapid naming with
digits task was measured in terms of the time (in seconds) it took them to read the two forms.
Thus, lower scores indicate faster naming and therefore, better performance. The ANCOVA
with age as the only covariate showed no significant group difference (F(1,105)=1.44,
MSE=51.4, p=.233, n,’=.014). Adding English vocabulary as a covariate did not produce a
reliable group effect either (F(1,104)=3.23, MSE=50.71, p=.075, n,°=.030), although there was
a tendency for the bilinguals to be faster on the rapid naming task than the L1-English
(bilinguals: adjusted M=30.5, SE=1.1 vs. L1-English: adjusted M=33.5, SE=1.0).The same
analyses were run on children’s scores on the Single Word Reading Test (SWRT). The
ANCOVA with age as a covariate yielded no significant difference between groups
(F(1,105)=0.14, MSE= 36.5, p=.706, np2=.001). Adding English vocabulary scores as a
covariate in the analysis did not change the results (F(1,104)=3.22, MSE=30.7, p=.076,
np2=.030), although the adjusted means suggest that the bilinguals tended to score slightly
higher on English decoding than the L1-English (bilinguals: adjusted M=49.6, SE=0.85 vs. L1-
English: adjusted M=47.4, SE=0.78). Thus, the results show that the bilinguals perform at an
equal level as their monolingual peers on single word reading in English despite their smaller
vocabularies. For reading comprehension, the ANCOVA with age as the sole covariate
produced a significant group effect in favour of the L1-English (F(1,105)=4.69, MSE=48.8,
p=.033, 1,°=.043). However, the group effect disappeared after adding English vocabulary
scores as a covariate in the analysis F(1,104)=0.74, MSE=34.8, p=.390, 1,°=.007). Hence, the
bilinguals show similar performance on reading comprehension in English as their monolingual
peers once differences in vocabulary are accounted for. The estimated group means for rapid
naming, decoding (SWRT) and reading comprehension (YARC) in English are shown in Figure
27. Turning to the lexical decision task, for overall accuracy the ANCOVA with age as a
covariate yielded no significant group effect (F(1,105)=2.47, MSE=46.5, p=.119, np2=.023). The
inclusion of vocabulary as an additional covariate did not change the results®*® (F(1,104)=0.33,
p=.570, np2=.003). For A’ scores on the LDT, the ANCOVA with age as a covariate produced
no reliable group effect (F(1,105)=2.07, MSE=21.5, p=.153, np2=.019). Adding vocabulary
scores as a covariate yielded no group effect either (F(1,104)=0.31, MSE=18.7, p=.577,

% The inclusion of stimulus type (words vs. pseudowords) as within-subjects factor in the model did not
produce a significant interaction between stimulus type and group (F(1,105)=0.01, MSE=63.8, p=.744,
np2=.001). Thus, the results for words and pseudowords were the same in that both showed no
differences between groups.
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np2=.003). The same analyses were run with the size of the lexicality effect as the dependent
variable. The ANCOVA with age as covariate showed no reliable group effect (F(1,105)=0.18,
MSE=534,978, p=.671, np2=.002). Including vocabulary scores as an additional covariate did not
yield a significant group difference either (F(1,105)=0.19, MSE=540,040, p=.666, n,’=.002).
Taken together, the results for the LDT show that despite their smaller vocabularies, the
bilinguals perform at an equal level as the L1-English (see Figure 28).

Table 29. Scores for literacy measures in English.

Bilinguals L1-English
RAN (in seconds) n 50 58
mean 30.8 33.0
SD 7.8 6.9
range 18.5-60.5 20.5-57
SWRT raw score n 50 58
max. 60 mean 48.5 48.3
SD 7.9 4.8
range 19-58 37-56
YARC ability score n 50 58
max. 85 mean 63.5 65.9
SD 8.8 55
range 39-81 51-80
LDT accuracy (%) n 50 58
mean 89.7 91.5
SD 7.7 6.1
range 65.6-100 67-100
LDT A’ score n 50 58
mean 93.8 94.9
SD 5.0 4.3
range 79.8-100 74.4-100
LDT lexicality effect n 50 58
(in milliseconds) median 588 696
SD 845 650
range 49-5624 -21-2980

Note. RAN = rapid automatized naming; SWRT = Single Word Reading Test; YARC = York

Assessment of Reading Comprehension; LDT = lexical decision task
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3.6.2 Greek

The scores of the bilinguals and the monolinguals on the Greek literacy measures are given in
Table 30. For rapid naming of digits in Greek, the ANCOVA with age as the sole covariate
showed that the Greek monolinguals were significantly faster than the bilinguals
(F(1,113)=10.78, MSE=182.9, p=.001, np2=.087). However, the group difference disappeared
after including Greek vocabulary scores as a covariate (F(1,112)=0.96, MSE=137.8, p=.330,
np2=.008). Thus, the bilinguals did not differ in rapid naming of digits from their Greek
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monolingual peers when differences in age and vocabulary were accounted for. The group
comparison for overall accuracy on the decoding measure using age as a covariate resulted in a
significant group effect (F(1,113)=21.2, MSE=247.8, p<.001, np2=.158), with the L1-Greek
outperforming the bilinguals. However, the group difference disappeared after adding Greek
vocabulary scores as a covariate® (F(1,112)=1.82, MSE=221.2, p=.180, 1,°=.016). The
bilinguals performed on a par with their monolingual peers on decoding in the minority
language Greek once differences in vocabulary scores are accounted for. The estimated group
means for rapid naming and decoding in Greek are shown in Figure 29. The analyses of the
reading comprehension tasks in Greek are based on a subset of children. This is due to some of
the bilingual children having insufficient literacy skills in Greek to read connected text and to
carry out the reading comprehension subtests. More specifically, six bilingual children could not
do any of the reading comprehension subtests and another 18 bilinguals were only administered
the sentence matching task, but not the passage comprehension subtest. One of the L1-Greek
children was absent on one of the testing days and thus, could not be administered the two
reading comprehension tasks. Hence, the analyses of reading comprehension composite scores
(sentence matching and passage comprehension) included 109 children (bilinguals: 44 and L1-
Greek: 65). Note that the composite score for the 18 children who were not administered the
passages is based on the sentence matching task alone which consisted of only four test items.
Thus, separate analyses were run for the passage comprehension subtest which included 97
children in total (bilinguals: 32 and L1-Greek: 65). For the composite scores for reading
comprehension, the ANCOVA with age as the sole covariate yielded a significant group effect
(F(1,106)=18.57, MSE=514.6, p<.001, m,°=.149) with the L1-Greek outperforming the
bilinguals. However, the group difference disappeared after adding Greek vocabulary scores as
a covariate in the analysis (F(1,105)=0.60, MSE=337.6, p=.442, 1,°=.006). Considering only
the passage comprehension subtest, the ANCOVA with age as a covariate yielded no reliable
group effect (F(1,94)=3.19, MSE=338.1, p=.077, np2=.033) although there was a trend for the
L1-Greek to outperform the bilinguals (L1-Greek: adjusted M=71.2, SE=2.3 vs. bilinguals:
adjusted M=64.1, SE=3.3). Adding vocabulary scores as a covariate in the ANCOVA did not
produce a significant group effect either (F(1,93)=2.52, MSE=252.7, p=.116, np2=.026), but

interestingly the adjusted mean after controlling for vocabulary was higher for the bilinguals

% Recall that the Greek decoding measure included both real words and pseudowords. However,
additional analyses that included stimulus type (words vs. pseudowords) as a within-subjects factor
showed no significant interaction between group and stimulus type (F(1,113)=0.96, MSE=69.2, p=.329,
an:.OOS). Thus, the results for the group comparison were the same for words and pseudowords.
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than for the monolinguals® (bilinguals: adjusted M=73.4, SE=3.3 vs. L1-Greek: adjusted
M=66.7, SE=2.1). Taken together, the results suggest that the bilingual children’s lower
performance on reading comprehension in the minority language Greek is largely attributable to
their smaller vocabularies. Figure 30 shows the estimated group means for the two sets of
analyses of composite scores and scores on the passage comprehension subtest. The analyses of
the LDT in Greek included 112 children (bilinguals: 47 and L1-Greek: 65). Three of the
bilingual children could not complete the task because it was too difficult for them, and one
monolingual child was absent on the particular testing day. Performance on the 20 illegal words
was used an inclusion criteria with a cut-off point of <60%. None of the children scored below
60% on the illegal words thus, all 112 children were included in the analyses. For overall
accuracy, the ANCOVA with age as covariate produced a significant group effect with the L1-
Greek scoring higher than the bilinguals (F(1,109)=42.2, MSE=52.1, p<.001, np2=.279). The
inclusion of vocabulary as an additional covariate removed the group effect®® (F(1,108)=1.07,
MSE=33.3, p=.303, np2=.010). With regard to A’ scores, the ANCOVA with age as covariate
produced a significant group effect with the L1-Greek outperforming the bilinguals
(F(1,109)=39.39, MSE=34.6, p<.001, np2=.265). However, the group effect disappeared after
adding Greek vocabulary scores as an additional covariate in the analysis (F(1,108)=0.96,
MSE=22.9, p=.330, np2=.009). Thus, the bilingual children’s lower accuracy on the lexical
decision task in Greek is due to their smaller vocabularies. The analyses were repeated with the
size of the lexicality effect as the dependent variable. The ANCOVA with age as covariate
yielded no reliable group effect (F(1,109)=0.53, MSE=548,498, p=.468, np2=.005). The
ANCOVA with Greek vocabulary as an additional covariate did not reveal a significant group
difference either (F(1,108)=0.26, MSE=540,120, p=.613, 1,°=.002). The bilingual children were
equally efficient in distinguishing real words from pseudowords than their monolingual peers.

The estimated group means for the measures from the Greek LDT are depicted in Figure 31.

% Note that this particular bilingual subgroup did not differ from the monolinguals on the measure of
English reading comprehension either (F(1,87)=2.37, MSE=44.4, p=.127, np2=.027). Moreover, the
inclusion of vocabulary as a covariate yielded a significant group effect with the bilinguals
outperforming the English monolinguals on English reading comprehension (F(1,86)=4.85, MSE=29.9,
p=.030, 1,°=.053).

% The analyses were repeated with stimulus type (words vs. pseudowords) as within-subjects factor to
ascertain that the results were not affected by stimulus type. The results showed no interaction between
group and stimulus type (F(1,109)=0.01, MSE=107.9, p=.960, np2<.001) confirming that the results for
words and pseudowords were the same.

99



Table 30. Scores for literacy measures in Greek.

Bilinguals L1-Greek
RAN (in seconds) n 50 66
mean 411 29.9
SD 20.9 5.8
range 23-150 20.5-52
Decoding (%) n 50 66
mean 71.7 89.7
SD 245 8.6
range 3.9-98.7 66.2-100
RC n 44 65
composite (%0) mean 47.7 72.1
SD 32.9 21.8
range 4-96 8-100
RC n 32 65
passage only (%0) mean 61.0 72.8
SD 28.2 215
range 14.3-95.2 4.76-100
LDT accuracy (%) n 47 65
mean 80.6 91.4
SD 10.5 5.8
range 55.5-100 65.5-100
LDT A’ score n 47 65
mean 86.7 95.1
SD 8.9 3.7
range 59.6-100 78.4-99.6
LDT lexicality n 47 65
effect (in  median 1132 962
milliseconds) SD 946.9 569.2
range -755-4350 87-2391.5

Note. RAN = rapid automatized naming; RC = reading comprehension; LDT = lexical decision

task
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3.7 Results: Comparisons between English and Greek measures for the
bilinguals

The interaction between bilingual profile effects and language status (minority vs. majority
language) was further examined by comparing the bilingual children’s performances on the
various measures across languages by means of paired-samples t-tests. The results from the
analyses are summarized in Figure 32 which shows the effect sizes (Cohen’s d) associated with
the difference scores for English and Greek for the various measures (the specific means, SDs, t
statistics and p values are attached in Appendix Q). Syntactic complexity and length of the
narratives, as well as verbal working memory did not differ across languages. For all other
measures there were significant differences between languages with the children exhibiting
superior performance in English (see Appendix Q). The smallest differences between English
and Greek scores were observed for word decoding, the two types of comprehension questions,
as well as for grammaticality and verb diversity from the narrative microstructure scores (all ds
between 0.3 and 0.4). For the bilingual children who were administered both the sentence
matching and the passage comprehension subtests of the Greek reading comprehension measure
(RC-passage), the difference between English and Greek performance was associated with a
moderate effect size (d=0.49). In contrast, the comparison that included children who could only
be administered the sentence matching task (RC-composite) yielded a large effect size of
d=0.82. Rapid automatized naming and expressive vocabulary scores were associated with a

medium-sized effect® (d=0.52 for RAN and d=0.56 for vocabulary). Slightly larger effect sizes

3 Note that the crosslinguistic comparison for performance on the rapid naming task is not as
straightforward as the names of the digit stimuli in Greek were longer (i.e., contained more syllables)
than the digit names in English.
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were observed for the size of the lexicality effect in the LDT and for the grammaticality and
structure scores from the SRT (ds between 0.63 and 0.69). Accuracy and A’ scores for the LDT
yielded effect sizes of 0.78 and 0.76, respectively. Overall accuracy on the SRT showed a very
large effect size of nearly one standard deviation (d=0.95), and the effect size associated with
performance on the letter fluency task exceeded one standard deviation (d=1.24).
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Figure 32. Effect sizes (Cohen's d) for cross-language comparisons.

In addition to the cross-language comparisons, the correlations between English and
Greek scores on the various measures were examined. The results are summarized in Figure 33.
Results showed a significant negative correlation for scores on the measures of expressive
vocabulary (r(50)=-.316, p=.025). There was also a tendency for the three SRT scores and for
the grammaticality measure of the narratives to be negatively correlated across languages,
although the associations did not reach significance. In contrast, there was a strong positive
correlation for scores on the digit backwards task (verbal WM) which was also highly
significant (r(50)=.778, p<.001). Moreover, the results showed strong positive cross-language
correlations for decoding skills (r(50)=.569, p<.001) and for story length (r(50)=.587, p<.001).
Letter fluency scores and syntactic complexity of the narratives also showed significant positive

relationships across languages (LF: r(50)=.428, p=.002; story-complexity: r(50)=.396, p=.004).
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Finally, the measure of verb diversity from the narratives and rapid automatized naming both
showed small positive correlations (verb diversity: r(50)=.325, p=.021 and RAN: (r(50)=.316,
p=.026).
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Figure 33. Cross-language correlations (Pearson's r) for the various measures.

3.8 Discussion

The aim of this chapter was to give an overview of the bilingual children’s strengths and
weaknesses across a range of measures tapping oral language abilities, literacy skills as well as
EF skills. To this end, a series of ANCOVAs was performed to compare the bilingual children’s
performances to two monolingual control groups in the respective languages, English and
Greek. The first research gquestion sought to establish whether there were any group differences
in non-verbal 1Q and expressive vocabulary scores. The second research question asked whether
the bilinguals differ from their monolingual peers in oral language skills in English and Greek,
after controlling for differences in vocabulary. The third research question was concerned with
possible group differences on verbal and non-verbal measures of executive function skills,

controlling again for differences in vocabulary in the case of EF measures with a verbal
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component. The fourth research question examined whether the bilingual children differed from
their monolingual peers in literacy skills in English and Greek, when differences in vocabulary
are accounted for. Finally, the fifth research question focused on the comparison of the bilingual
children’s performance in the majority and minority language, English and Greek. The results

for each of the five questions are discussed in the following sections.

Non-verbal 1Q & vocabulary

The results for the Raven’s showed that the three groups were well matched on non-verbal 1Q.
This corroborates previous research that has shown no differences between monolinguals and
bilinguals in terms of general non-verbal abilities (e.g., Bialystok & Shapero, 2005; Engel de
Abreu, 2011). In contrast, studies have consistently shown lower vocabulary skills by bilinguals
compared to monolinguals (Bialystok et al., 2010; Oller et al., 2007). In line with this, the
bilinguals in the current study had significantly lower vocabulary scores in both languages
compared to their monolingual peers, although the effect was twice as large for Greek than for
English (see Cobo-Lewis, Pearson, Eilers & Umbel, 2002b, for similar results). Finally, it was
anticipated that the bilingual children would score lower on vocabulary in the minority language
Greek than the majority language English. The comparison of the vocabulary scores across

languages showed that this was indeed the case.

Oral language skills

Sentence repetition: Overall accuracy on the SRT was expected to be lower in the bilinguals
compared to the monolinguals due to the lexical component of the task. The results showed that
the bilinguals were significantly less accurate than their monolingual peers in both languages,
with the effect being twice as large in the minority language Greek. This is in line with several
studies reporting lower performance of bilinguals on sentence imitation tasks (e.g., Babayigit,
2014; Droop & Verhoeven, 2003). Notably, the group difference disappeared in both languages
when vocabulary was included as a covariate in the analyses, which corroborates previous
findings by Komeili and Marshall (2013). The same pattern emerged for the other two measures
from the SRT, namely the grammaticality and the structure scores. In both English and Greek,
the monolinguals scored significantly higher than the bilinguals, but this was largely attributable
to the monolinguals superior vocabulary skills, since there was no difference between groups
once lexical abilities were accounted for. While this pattern of results was anticipated for the
minority language Greek, no group differences were predicted for the stronger language
English, given that these alternative scoring methods place less emphasis on lexical skills.
However, the results suggest that the ability to produce a grammatical response and correctly
use the target structures in the context of a sentence repetition task is closely tied to lexical skills

in bilinguals. This is in line with the strong relationship between lexical and grammatical
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development observed in younger children (e.g., Marchman, Martinez-Sussmann & Dale,
2004).

Listening comprehension: With regard to the measure of listening comprehension,
there were no group differences for either question type in English, regardless of whether
vocabulary was included as a covariate or not. In contrast, the results for Greek showed the
same pattern as the SRT measures, namely significantly higher scores on part of the
monolinguals, but no significant group effect when differences in vocabulary are taken into
account. Although the results for English were unexpected, other studies have also failed to find
group differences between monolinguals and bilinguals on measures of listening comprehension
(e.g., Bowyer-Crane et al., 2017; Westman et al., 2008). Note that overall, scores were very
high in both groups and languages (>84%) suggesting that the task was relatively easy for the
children. Nevertheless, the findings for both languages are in line with results from Babayigit
(2014) who found that monolingual-bilingual differences were much more pronounced in
vocabulary compared to listening comprehension.

Asymmetries across tasks and languages: Inspection of the effect sizes for the
various comparisons revealed that the group differences were most marked for vocabulary,
followed by SRT scores and listening comprehension which in the case of English did not show
any group differences. Moreover, on all oral language measures, the effect size was roughly
twice as large in the minority language Greek compared to English. Taken together, the findings
for the measures of oral language skills suggest that the results for monolingual-bilingual

differences are heavily dependent on the measure used.

Executive function skills

Non-verbal EF measures: Studies that have found a bilingual advantage in EF skills have
typically used non-verbal tasks that involve some kind of conflicting information which needs
to be inhibited (e.g., Bialystok & Barac, 2012; Calvo & Bialystok, 2014). Thus, the prediction
was for the bilinguals to outperform the monolinguals on the measures of inhibitory control and
task switching abilities assessed within a Global-Local task. This prediction was not borne out
in the present sample. In fact the results showed that the size of the congruency effect was
significantly smaller in the Greek monolinguals compared to the bilinguals, while no group
differences emerged in terms of the magnitude of the switching cost. This is in contrast to
studies that report superior performance on part of the bilinguals on Global-Local tasks (e.g.,
Bialystok, 2010; Christoffels, de Haan, Steenbergen, van den Wildenberg & Colzato, 2015;
Prior & MacWhinney, 2010). However, the finding that the Greek monolinguals outperformed
the bilinguals on the measure of inhibition supports the view that all speakers have alternative,
non-linguistic ways to improve their executive function skills (Valian, 2015). Both the

bilinguals and the English monolinguals were residing in the UK and attended English
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mainstream primary schools (except the thirteen bilinguals that were enrolled in the Greek
school). Thus, it is possible that that some aspect of the educational system in Greece or habits
induced by the Greek culture indirectly led to the superior inhibitory control in the Greek
monolinguals in the current sample. Another reason for the conflicting findings across studies
might be differences in task design. More specifically, in the present study, the switching cost
was calculated as the difference between incongruent trials in the single blocks and incongruent
trials in the mixed block, which were, however, always switch trials. In other studies, the mixed
block typically contains both switch and no-switch trials, so that the switching cost can be
calculated by comparing no-switch trials in the mixed block with trials in the single blocks
(which are always no-switch trials), or by comparing switch and no-switch trials within the
mixed block (e.g., Prior & MacWhinney, 2010). Moreover, the version of the task used in the
present study included four stimuli (i.e., shapes) to which the children had to attend
simultaneously, while other studies with child participants tend to use only two different stimuli
(e.g., Christoffels et al., 2015). Thus, the cognitive demands in the current version of the task
might have been too high to reliably measure the children’s inhibition and switching skills. On
the other hand, the present findings are in line with the mounting evidence that there is no
bilingual advantage in inhibitory control or switching abilities (e.g., Bruin, Treccani & Sala,
2015; Dufiabeitia et al., 2014; Gathercole et al., 2014; Paap et al., 2015). Future investigations
are needed that take into account details of the task design to ensure that the task is age
appropriate and that the measures are comparable to those used in previous studies. For the
measure of non-verbal working memory, the results did not reveal any group effects either,
which is at odds with previous studies reporting better non-verbal WM skills in bilinguals
compared to monolinguals (e.g., Blom et al., 2014; Morales et al., 2013). Both Blom et al.
(2014) and Morales et al. (2013) used tasks that were very similar to the Mr. X task
administered in the current study, which makes it unlikely that the different findings are due to
task-specifics. Moreover, in line with the present results, Blom et al. (2017) reported no
differences between monolinguals and bilinguals on non-verbal WM, although the same task
was used as in the study by Blom et al. (2014), which did show significant group effects. It is
unclear how the conflicting findings can be reconciled. A currently prominent idea in the field is
that the apparent benefits in inhibitory control, switching and WM observed in bilinguals are in
fact due to a bilingual advantage in selective attention which would explain the mixed findings
in the literature (Chung-Fat-Yim et al., 2017). Alternatively, it has been suggested that variables
such as balanced proficiency across the two languages, bilingual education or frequency of
code-switching drive the bilingual advantage rather than bilingualism per se (Bialystok &
Barac, 2012; Hofweber et al., 2016). Thus, another explanation for the lack of a bilingual
advantage in the non-verbal EF tasks is that bilingualism was treated as a binary variable

without considering more fine-grained nuances of bilingualism, such as the children’s
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proficiency levels in the two languages or their levels of biliteracy. In a similar vein, it has been
argued that cognitive benefits associated with bilingualism only emerge when a certain level of
bilingual proficiency has been attained (e.g., Bialystok & Barac, 2012; Carlson & Meltzoff,
2008; Crivello et al., 2016; Poarch & van Hell, 2012). Thus, it is possible that some of the
bilingual children in the current sample had insufficient levels of bilingual proficiency to
promote the acclaimed advantages in EF, so that differences at the group level were obscured by
individual differences in bilingual proficiency.

Verbal EF measures: With regard to the EF tasks with a verbal component, the
expectation was for bilinguals to outperform the monolinguals only when vocabulary scores are
controlled for. The results showed that performance on the 2-back task did not differ across
groups, regardless of whether vocabulary was included as a covariate or not. In a recent study,
Marinis et al. (under review) found that performance on the 2-back task in bilinguals was
predicted by amount of exposure to bilingual education. More specifically, children who
received roughly equal amounts of formal instruction in both languages (balanced bilingual
education) outperformed children who were instructed in predominantly one language. The
bilingual children in the current sample showed large variations in terms of amount of schooling
in the two languages, with the majority having received formal instruction primarily in English.
Hence, it is possible that the lack of a bilingualism effect is due to the heterogeneity within the
bilingual group in terms of the amount of exposure to the two languages. For verbal WM, the
analyses without vocabulary as a covariate showed equal performance of the monolinguals and
the bilinguals in both English and Greek. No group difference emerged for the letter fluency
task in English either, which goes against the prediction that the monolinguals would score
higher than the bilinguals on this task. When differences in vocabulary were accounted for,
there was a strong tendency for the bilinguals to score higher than the monolinguals on the letter
fluency task in English, as indicated by the marginally significant group effect. For verbal WM
in both languages, the inclusion of vocabulary as a covariate yielded a significant group effect
with the bilinguals outperforming the monolinguals. The results for verbal WM are in line with
recent findings by Blom et al. (2014) who found superior performance on WM measures by
bilinguals once differences in vocabulary were controlled for. The findings for the letter fluency
task in English align well with studies by Bialystok et al. (2008) and Luo et al. (2010) who
reported the same pattern in a sample of young adults, i.e., superior performance on part of the
bilinguals when vocabulary is included as a covariate in the analyses, but equal performance
without vocabulary as a covariate. Thus, the current findings are consistent with the idea that
certain EF skills are enhanced by bilingualism, and that the enhanced EF skills and lower
vocabularies in this group cancel each other out resulting in equal performance on hybrid tasks,
such as letter fluency (Bialystok et al., 2008). In contrast, the Greek monolinguals outperformed

the bilinguals on the LF task in Greek. Adding Greek vocabulary scores as a covariate in the
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analysis led to a considerable reduction of the group effect, but the difference remained
significant. The LF task has a much stronger verbal component than the digits backwards task
which suggests that the gap in lexical skills in the minority language Greek was too big for the

bilinguals to be compensated for by other skills.

Literacy skills

Turning to the literacy measures, it was predicted that the bilinguals would show equal
performance than the monolinguals on rapid naming and single word decoding, while
performance on lexical decision and reading comprehension was expected to be lower in the
bilinguals compared to the monolinguals.

English: For RAN in English, the results showed that the bilinguals performed at the
same level as the English monolinguals, despite their lower vocabulary skills. This is consistent
with findings by Geva et al. (2000) who reported no group differences between monolinguals
and bilinguals on rapid naming at the end of Grade 2, despite superior performance on part of
the monolinguals at the end of Grade 1. Similarly, there was no difference between the groups
on the English decoding measure which is in accordance with a large number of studies (e.g.,
Babayigit, 2014; Jongejan et al., 2007; Melby-Lervag & Lervag, 2014; Oller et al., 2007). The
analyses in the present study further revealed that controlling for differences in English
vocabulary resulted in a tendency for the bilinguals to outperform their monolingual peers on
both RAN and the decoding measure. Note that the digit backwards task (i.e., verbal WM) and
rapid serial naming of digits both implicate executive function abilities, and are often subsumed
under phonological processing skills, which in turn, are strongly related to basic reading skills.
Interestingly, there are a number of studies that found a bilingual advantage in phonological
awareness at the beginning of formal instruction (e.g., Kuo & Anderson, 2010), and there is
considerable evidence that phonological skills are transferable across languages (Durgunoglu,
2002; Melby-Lervag & Lervag, 2011). Although rapid serial naming and verbal working
memory are not measures of phonological awareness per se, it can be argued that phonological
processing in general is an area of strength in bilinguals. Hence, it is possible that bilinguals are
able to compensate for their lower vocabulary skills by their enhanced phonological processing
skills and/or superior EF skills which results in equal performance compared to monolinguals
on measures of verbal WM, rapid naming and word decoding. The current results obtained for
the majority language English support this hypothesis. In contrast, the bilingual children in the
present study scored lower on reading comprehension in English than their monolingual peers
which is in line with a large body of research (e.g., Babayigit, 2014; Bellocchi et al., 2017;
Melby-Lervag & Lervag, 2014; Netten, Droop & Verhoeven, 2011). The analyses further
showed that this difference was mainly attributable to the bilingual children’s lower lexical

skills, as the group effect disappeared after controlling for differences in vocabulary. This is not
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surprising since linguistic comprehension (which subsumes vocabulary) is one of the two main
components of reading comprehension, and given the fact that its contribution to reading
performance increases throughout development (Hoover & Gough, 1990). Thus, the present
findings support the view that the bilingual children’s lower performance on measures of
reading comprehension compared to monolinguals can, to a large extent, be explained by their
lower vocabulary skills (Babayigit, 2015; Burgoyne et al., 2011; Cobo-Lewis et al., 2002a). In
contrast to the predictions, the bilingual children’s performance on the lexical decision task in
English was not different from monolinguals (both accuracy and lexicality effect). Moreover,
using vocabulary as a covariate in the analyses did not change the results. This seems surprising
given that vocabulary knowledge is clearly paramount for lexical decision. One possible
explanation is that lexical decision implicates primarily receptive language skills. Studies have
shown that receptive vocabulary skills in the dominant language of bilinguals are more likely to
be within monolingual norms than expressive vocabulary skills (Gibson et al., 2012; Gibson et
al., 2014). The bilingual children in the current sample scored significantly lower on the
expressive vocabulary measure than their English monolingual peers, but it is likely that the
monolingual-bilingual difference would have been much smaller (or perhaps non-existent) on a
measure of receptive vocabulary given that English was the majority language. If the
monolinguals and bilinguals have similar receptive vocabularies and decoding skills, there is no
reason for them to differ in performance on the LDT task.

Greek: The results for the literacy measures in Greek are in stark contrast to the
findings for the majority language English, where significant group differences only emerged
for reading comprehension. The group comparisons showed that the bilinguals scored
significantly lower than their monolingual peers on all Greek literacy measures, except for the
lexicality effect and the passage comprehension subtest (which could only be administered to
bilinguals with relatively high proficiency in Greek). Moreover, all of the significant group
differences disappeared after controlling for the bilingual children’s lower vocabulary scores in
Greek. The bilingual children’s lower performance on the Greek literacy measures is not
surprising given that Greek was the minority language and the fact that some children had very
little exposure to Greek. However, the results for the passage comprehension subtest and the
lexicality effect are unexpected. Regarding the lexicality effect, it was hypothesized that the
bilinguals would show a larger effect than the monolinguals due to their lower lexical skills.
However, the results showed no difference between groups which might be due to the use of
reaction time data to calculate the lexicality effect. This is because only correct trials are
included for the analysis of RTs, so that decoding and orthographic processing come to bear a
much bigger role than vocabulary skills as such. Thus, the bilinguals were significantly less
accurate than the monolinguals (due to their lower vocabulary skills), but the extent to which

their responses were slowed down by the presence of pseudowords was comparable to
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monolinguals. This suggests that the bilinguals’ orthographic processing skills were comparable
to their monolingual peers, but more importantly, it shows that even children with very low oral
proficiency can have orthographic processing skills and word reading abilities at monolingual
levels. In some sense, their (basic) literacy skills in Greek are more advanced than what would
be expected on the basis of their oral language skills. This is an interesting finding on which
educators in the field of heritage language support may capitalize. For the passage
comprehension subtest, the analysis included a subset of 32 bilingual children since the
remaining 18 did not have sufficient literacy levels in Greek to complete the task. The results
showed that the two groups did not differ in accuracy after controlling for differences in age,
although there was a tendency for the Greek monolinguals to score higher than the bilinguals.
Interestingly, adding vocabulary as a control variable resulted in a trend that went in the
opposite direction, i.e., the adjusted means for the bilinguals were higher than for the
monolinguals. On first sight, the results might suggest that the bilingual children’s reading
comprehension skills in the minority language Greek were comparable to monolingual children,
while their reading skills in the majority language English were significantly lower compared to
monolinguals. However, the findings need to be interpreted with caution because the analysis of
the passage comprehension subtest in Greek only included bilinguals with relatively high
proficiency in Greek, and because of the differences between the reading comprehension
measures used in English and Greek. Reading comprehension consists of multiple processes,
and Keenan, Betjemann and Olson (2008) have shown that reading tests differ in the extent to
which they tap the various underlying processes. Nevertheless, the results for the passage
comprehension subtest in Greek show that it is, in principal, possible for bilinguals to perform at
monolingual levels on measures of reading comprehension. Future studies are needed to

uncover the conditions under which this is the case.

Minority vs. majority language

Turning to the comparison between the bilingual children’s performances in Greek and English,
the analyses showed that the children performed significantly better on all English measures
except for verbal WM, story length and syntactic complexity of the narratives, which did not
differ between English and Greek. Verbal working memory also showed the strongest cross-
linguistic association suggesting that the digit backwards task poses little demands on language-
specific knowledge (i.e., it is not confounded by language proficiency). The finding that
narrative length was invariant across languages corroborates previous studies (Fiestas & Pefia,
2004; Uccelli & Paez, 2007), but the lack of a significant language effect for syntactic
complexity is surprising given the children’s rather low levels of proficiency in Greek, as
indicated by their vocabulary scores. The other two microstructure measures, namely

grammaticality and verb diversity showed better performance in English, with a small to
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moderate effect size. This is consistent with previous studies on narrative abilities in bilinguals
reporting fewer grammatical errors in the children’s majority language (lluz-Cohen & Walters,
2012), and greater lexical diversity in the dominant language®® (Simon-Cereijido & Gutiérrez-
Clellen, 2009). However, some studies do not find crosslinguistic differences on measures of
grammaticality (Fiestas & Pefia, 2004; Gutiérrez-Clellen, 2002), but these typically involve
Spanish-English bilinguals in North America who tend to have ample exposure to the minority
language due to the size of the Spanish-speaking community, in contrast to the bilinguals in
Europe who generally have less opportunities for exposure to the minority language. Moreover,
three of the four microstructure measures showed significant associations between languages
which is at odds with previous studies that failed to find crosslinguistic relationships for
microstructure measures (e.g., Bedore, Pefia, Gillam & Ho, 2010; Pearson, 2002; Uccelli &
Paez, 2007). Note that the conclusions regarding narrative abilities in the minority and majority
language of bilinguals can only be tentative since the current study does not provide a
comparison with monolingual data in each language, and no macrostructure measures were
included. Nevertheless, the results from the cross-language comparisons confirm that
microstructure measures at the lexical level (i.e., verb diversity and grammaticality) are more
likely to show differences across languages than more global measures of narrative
microstructure (i.e., length, syntactic complexity). Thus, the observed pattern is largely in line
with the prediction that measures that require more language-specific knowledge are more
likely to show crosslinguistic differences than measures that tap less language-specific skills.
The difference between scores on the narrative comprehension questions in English and
Greek yielded small to moderate effect sizes which aligns well with the results from the group
comparisons (i.e., no group differences for English and relatively small differences for Greek).
Previous research that has investigated narrative comprehension in bilinguals has produced
mixed findings with some finding better performance in the majority language (e.g., Gutiérrez-
Clellen, 2002), and others reporting no difference across languages (e.g., Bohnacker, 2016). In
contrast to narrative comprehension, the bilingual children’s scores for the SRT showed large
differences between English and Greek. The results for narrative comprehension and SRT
scores are in line with the hypothesis that productive language skills show larger differences
across languages than receptive language skills (Gibson et al., 2014). For decoding skills, the
difference in the performance of the bilinguals across languages was relatively small and there
was a moderate to strong positive crosslinguistic correlation between scores in English and

Greek. The results from the correlational analysis are in line with the findings from a meta-

% Note that the majority language typically becomes the children’s dominant language when they enter
the school system where instruction is provided in the majority language only. However, in the case of
Spanish-English bilinguals in the United States, the situation is somewhat different because of the size
of the Spanish-speaking community and the large number of bilingual schools which means that the
children may remain dominant in the minority language Spanish for much longer.
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analysis by Melby-Lervag and Lervag (2011) who found a moderate to strong cross-linguistic
association for decoding skills, especially for children who received formal instruction in both
languages. Note that the significant difference between the bilingual children’s decoding skills
in English and Greek is readily explained by the fact that the amount of formal schooling in
Greek was very low compared to the amount of schooling received in English. Similar results
were obtained for RAN, namely a significant positive correlation across languages and a
moderate difference between scores in English and Greek. Thus, the results for RAN and
decoding are in line with the assumption that basic literacy skills are relatively language-
invariant, hence the significant crosslinguistic associations. The results for reading
comprehension are difficult to interpret because of the different test formats in English and
Greek. Nevertheless, the cross-language comparison of the bilingual children's performance
seems to suggest significant effects of language status, with performance in the minority
language being considerably lower. The comparison between the bilingual children's
performance on the lexical decision task in English and Greek yielded large effect sizes. This is
explained by the fact that performance on the lexical decision task is heavily dependent on
lexical skills, which are known to be most vulnerable in bilinguals. The largest difference in
performance between English and Greek was observed for the letter fluency task, with an
associated effect size of over 1 SD. Similar to the lexical decision task, performance on letter
fluency is heavily contingent on vocabulary skills which explains the large difference between
English and Greek scores. However, performance on the letter fluency task was significantly
correlated across languages, which was not the case for the measures from the LDT. The cross-
linguistic association for letter fluency scores most likely reflects the large executive function

component of the task.

Summary

Taken together, the present findings emphasize the importance of lexical knowledge for oral
language and literacy skills. The group comparisons showed that expressive vocabulary is by far
the most vulnerable linguistic domain in bilinguals since it produced the largest group effect
among all the measures in both English and Greek. This is consistent with previous research and
is readily explained by the fact that vocabulary development is highly contingent on linguistic
input in each language, which is typically reduced in bilinguals compared to monolinguals.
Moreover, vocabulary is highly language-specific which is further reflected in the strong
negative correlation between the two vocabulary scores in the current sample. For the majority
language English, moderate group differences emerged in reading comprehension and sentence
repetition, but these were largely attributable to the bilinguals’ lower vocabulary. In contrast,
the present results suggest that skills at the interface between executive functions and

phonological processing (i.e., verbal working memory) are enhanced in bilinguals. Thus, it is
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possible that bilinguals are able to compensate for their lower language proficiency by relying
on their superior executive function abilities to perform at equal levels as their monolingual
peers on measures of basic reading skills in the majority language English. However, for the
minority language Greek, the gap in language proficiency was too big for the bilinguals to be
compensated for by other skills.
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CHAPTER 4 - PREDICTORS OF READING

4.1 Research questions & hypotheses

The aim of this chapter is to investigate predictors of reading, i.e., single word decoding and
reading comprehension, in monolingual and bilingual children in two languages that differ in
orthographic transparency, English and Greek. Previous research that compared reading
development in monolingual and bilingual children and studies looking at monolingual reading
development across languages have shown both differences and similarities. On the one hand,
word reading and reading comprehension have been shown to be predicted, by and large, by the
same set of predictors regardless of orthographic transparency and bilingualism. On the other
hand, crosslinguistic differences as well as differences between monolingual and bilingual
learners have been observed in terms of the relative contribution of the various predictors,
although not consistently so. One major source of variability across studies is the use of
different measures to represent the underlying skills and constructs. However, no study could be
located that has investigated effects of bilingualism and orthographic transparency at the same
time. The group (monolingual vs. bilingual) by language (English vs. Greek) design employed
in the current study offers the possibility to compare predictors of reading across groups and
languages using the same set of tasks (with the exception of reading comprehension which used
a different task format in English and Greek). The specific research questions addressed in this

chapter are:

i. Do the relative contributions of vocabulary, RAN and verbal working memory to

word reading accuracy differ as a function of orthographic consistency and group?

Previous research suggests that both RAN and verbal working memory contribute to

word reading in monolinguals and bilinguals regardless of orthographic transparency (Caravolas
et al., 2012a; Geva & Siegel, 2000; Geva et al., 2000). Although some researchers have argued
for crosslinguistic differences in terms of the relative contribution of RAN (e.g., Landerl &
Wimmer, 2008), when equivalent measures are used the RAN-reading relationship does not
seem to be affected by orthographic transparency (Caravolas et al., 2012a; Ziegler et al., 2010).
Thus, RAN is expected to be an equally good predictor of word reading accuracy in English and
Greek. Verbal working memory shares a considerable amount of variance with phonological
awareness skills and consequently, only makes a small independent contribution to basic
reading skills (Gottardo et al., 1996). The relatively small unique effect of verbal WM might be
the reason why no study to date has explicitly compared its relationship with word decoding in
monolingual children across different languages. However, Geva and Siegel (2000) compared
the relationship between memory skills and word reading in the two languages of English-
Hebrew bilinguals and found that memory skills accounted for more variance in English than in

(vowelized) Hebrew pointing to effects of orthographic transparency. Based on the finding that

115



monolinguals and bilinguals acquire basic reading skills in a highly similar manner (Geva et al.,
2000; Verhoeven, 2000), it is predicted that verbal working memory will play a more important
role in English compared to Greek for both monolinguals and bilinguals. Given the highly
inconsistent findings regarding the role of vocabulary across different languages, it is difficult to
make any clear predictions. Assuming that vocabulary supports whole-word reading which is a
crucial factor in developing reading fluency in opaque orthographies like English, it is predicted
that lexical abilities will exert a bigger influence on word reading in English compared to Greek
(Suggate et al., 2014). Moreover, vocabulary is expected to exhibit a stronger relationship with
word decoding in the bilinguals, since previous research suggests that oral language skills play a
more prominent role in bilingual than in monolingual reading development (Babayigit, 2015;
Droop & Verhoeven, 2003).

ii. Do other oral language skills and executive function skills explain additional
variance in word reading accuracy in English and Greek monolingual and bilingual
children?

Because the present study used a single word reading task to assess reading accuracy,
listening comprehension is unlikely to explain additional variance once individual differences in
vocabulary have been accounted for. On the other hand, performance on the sentence repetition
task might show an association with word reading because the ability to repeat a sentence
verbatim implicates working memory as well as grammatical competence (Riches, 2012). Only
few studies have examined the possible contribution of executive function skills to word
reading, so predictions can only be tentative. Nevertheless, both inhibition and switching have
been associated with decoding skills in English (Altemeier et al., 2008). Hence, additional
contributions of EF skills to word decoding are anticipated, especially for tasks that use verbal
stimuli (Messer et al., 2016).

iii. Do the relative contributions of decoding and oral language skills to reading
comprehension differ as a function of orthographic consistency and group?

Previous research has shown a developmental shift in the relative contribution of oral
language skills and decoding to reading comprehension. More specifically, the contribution of
decoding has been found to decrease throughout primary school as children reach ceiling on
measures of word reading accuracy, while the contribution of oral language skills increases as
the content of the reading material becomes more difficult (Catts et al., 2005; Gough et al.,
1996). Since the children in the current sample were attending Year 3-6 at primary school, they
were assumed to have mastered basic reading skills. Thus, it is anticipated that reading
comprehension will show a stronger relationship with oral language skills than with decoding in

both languages. However, it is possible that the contribution of decoding skills will be larger in

116



English compared to Greek because children develop word reading skills faster in languages
with transparent orthographies compared to languages with opaque orthographies (Seymour et
al., 2003). Consequently, it is likely that word reading skills exert an influence on reading
comprehension for longer in inconsistent orthographies like English compared to transparent
orthographies. In terms of differences between groups, oral language skills are expected to show
a stronger relationship with reading comprehension in bilinguals as has been reported in
previous studies (Droop & Verhoeven, 2003; Verhoeven & van Leeuwe, 2012). In contrast, the
contribution of decoding skills should not differ across groups since monolinguals and

bilinguals develop basic literacy skills at equal rates (Melby-Lervag & Lervag, 2014).

iv. =~ Do RAN and executive function skills explain additional variance in reading
comprehension in English and Greek monolingual and bilingual children?

Both RAN and working memory have been linked to reading comprehension in
monolingual and bilingual children (Arnell, Joanisse, Klein, Busseri & Tannock, 2009; Morfidi,
van der Leij, de Jong, Scheltinga & Bekebrede, 2007; Sesma et al., 2009; Swanson, 2015).
Moreover, there is evidence that executive function skills such as inhibition and switching are
related to reading ability (Altemeier et al., 2008). However, the various executive function
components have been indexed by very different tasks which makes it difficult to compare
findings for monolinguals and bilinguals across studies. Nevertheless, it is anticipated that RAN
and executive function abilities will make significant contributions to reading comprehension in

monolinguals and bilinguals alike.

4.2 Data analyses

The research questions were addressed by running a series of multiple hierarchical regression
models. Before conducting the main analyses, bivariate correlations were computed in order to
identify potential issues with multicollinearity. The predictor variables that were included in the
analyses were vocabulary, the three scores from the SRT (accuracy, grammaticality and
structure scores), scores for the two types of comprehension questions (factual and mental),
digit backwards, Mr. X and 2-back scores, the two measures of inhibition and switching, letter
fluency and RAN. The dependent variables were the decoding and the reading comprehension
measures. Recall that the single word reading test in English only included real words while the
Greek decoding measure included both real and pseudowords. However, to keep the analyses as
similar as possible across languages, only scores on the real words were used to index decoding
skills in Greek. For reading comprehension in Greek, the composite scores derived from the two

subtests (sentence matching and passage comprehension) were used in order to keep the sample

117



as large as possible®. High correlations between some of the measures were anticipated,
especially those that were derived from the same task (e.g., SRT). Measures that showed strong
associations with each other were subjected to a Principal Component Analysis (PCA) from
which composite scores could be computed. Next, multiple hierarchical regressions were
conducted on decoding and reading comprehension scores for each language and group. The
order of entry of predictor variables was semi-fixed. For the analyses of decoding skills, age and
non-verbal 1Q were always entered at the first step. Vocabulary, RAN and verbal WM were
entered at subsequent steps (i.e., 2-4) and the analyses were repeated with the variables of
interest entered in different orders to examine their unique effects on word reading. This was
followed by some additional exploratory analyses where each of the variables that were not
included in the initial model was added to see whether they made a significant contribution.
Moreover, a commonality analysis was conducted to determine the amount of unique and
common variance explained by the various predictor variables (Nimon, 2010). For the
regression analyses of reading comprehension, age and non-verbal 1Q were again entered at the
first step. Next, the composite scores for oral language were added to the model at step 2 and
the decoding measure at step 3. The analyses were repeated with the order of entry of the last
two variables reversed in order to examine the independent contribution of oral skills and
decoding to reading comprehension. The possible contribution of the various cognitive
measures was examined by adding the additional predictors to the models at step 4. Finally, a
commonality analysis was run to determine the unique and total contributions of the predictor

variables.

4.3 Results: Correlations
4.3.1 English

The simple bivariate correlations between the dependent and the predictor variables for English
are given in Table 31 (coefficients for the bilinguals are presented in the upper diagonal and
values for the English monolinguals are in the lower diagonal). For both groups, scores on the
two types of comprehension questions (factual questions and questions about mental states of
characters), as well as the two measure derived from the Global-Local task (i.e., inhibition and
switching) did not show significant correlations with word reading. For the bilinguals, all other
predictor variables showed small to moderate correlations with the decoding measure (rs
between .322 and .588, ps<.05). For the monolinguals, non-verbal 1Q, vocabulary and
grammaticality scores on the SRT also failed to show a significant correlation with the decoding
measure with the remaining predictor variables yielding coefficients between .297 and .486 (all

¥ Recall that some of the bilingual children did not have sufficient literacy skills in Greek to read
connected text and thus, could not be administered the reading comprehension tasks in Greek.
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ps<.05). Overall, the correlations between the various predictor variables and decoding were
weaker in the monolingual sample compared to those for the bilinguals. For the second outcome
measure of interest, namely reading comprehension, the coefficients for the bilinguals show
significant associations with all predictor variables (rs between .331 and .685, ps<.05) except
the comprehension questions, 2-back scores and the measure of inhibition. In contrast, for the
L1-English only a few of the predictor variables showed significant correlations with reading
comprehension, namely non-verbal 1Q (r(58)=.414, p<.001), SRT-accuracy (r(58)=.335,
p=.010) and SRT-grammaticality scores (r(58)=.329, p=.012). For the bilinguals, there were
strong correlations among the three measures from the SRT and vocabulary (rs ranging between
591 and .872, ps<.001), while for the monolinguals the three SRT measures showed moderate
correlations with each other (rs between .325 and .578, ps<.05), but no significant associations
with vocabulary scores. Moreover, the three predictor variables that involve phonological
processing, namely digit backwards, Rapid Automatized Naming (RAN) and letter fluency (LF)
showed small to moderate correlations with each other in both groups (BL: rs between .410 and
465, ps<.01; ML.: rs between .303 and .378, ps<.05). Finally, LF significantly correlated with
vocabulary and the SRT measures in the bilingual sample (rs between .366 and .418, ps<.01),

while no such significant associations were present in the L1-English group.
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Table 31. Correlations (Pearsons's r) between variables used in the analyses for English.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17.
1. Age -- -.158 -.007 015 -.223 -.113 12 .007 2457 347" 3597 -232 -539"" 064 -.192 347" 3310
2. NVIQ -.375" -- 4947 3437 363" 373 -107 206 A89™* 371" 055 104 054 338" -.349° 4947 418
3. Vocabulary  .032 145 -- 62077 657 5917 -179 094 188 A11™ 107 006 -.122 418" -287" 4787 619"
4. SRT-acc -.070 .286" 149 -- .836™* 872" -183 .045 .2467 2747 -.027 015  -.086 3757 =222 420" 685"
5. SRT-gram -.209 A27 2417 3257 -- 808" -226 026 218 2421 -.048 .038 .036 394 -173 3227 568"
6. SRT-struct 045 .083 086 S5T78% 4967 -- -.293*  -.011 2587 169 -.115 161 025 366" -2817 3567 5267
7. CQ-factual .042 227 333" 064 2377 173 -- 3140 -3227 100 150 096  -.046 -.234 032 -.036 -.134
8. CQ-mental -.025 144 3117 068 149 .082 213 -- -.032 123 -.089 225 076 <.001 -.047 .200 113
9. DB 276" .082 .059 196 -.099 142 213 193 -- 388" 340" -.060 -.210 A53™" -465" 5887 482
10. Mr. X 277 .097 .049 .094 -.063 276" 197 -.053 120 -- 368" 040 -2417 148 =317 A65™ 427
11. 2-back -.084 367 2567 44177 -.045 2257 180 047 140 130 -- -.059 -338" 119 -.190 332" 121
12. Inhibition -.100 -.019 -.184 064 -111 .024 -.064 020  -.080 -.172 -.090 -- 3557 .055 -.107 .089 -.124
13. Switching -.2497 -.041 022 -.003 139 150 -.087 -.058 -.189 -.087 .095 -.066 -- -.2547 3427 -.226 -.432"
14. LF 4747 - 183 .040 053 -.074 138 -196  -.019 303" 026 -.037 -123 -.024 -- -.410*" A177 396"
15. RAN -.286" .031 160 -.031 298" -.050 066 007 -378%  -214 -.042 -.112 161 -.345™ -- -.5467  -35T
16. Decoding 365 116 .070 297" -.109 320" -.065 041 382" 380" 3317 -182 -.162 A86™"  -.460™" - 683"
17. RC 176 Al4m 2277 3357 3297 2277 2347 130 .053 059 213 -.066 -.106 075 169 .200 -

Note. Bilinguals above diagonal, monolinguals below diagonal; NVIQ = non-verbal IQ; SRT-acc = SRT-accuracy; SRT-gram = SRT-grammaticality; SRT-struct =
SR T-structure; CQ = comprehension questions; DB = digit backwards; LF = letter fluency; RAN = rapid automatized naming; RC = reading comprehension

2T

Tp<.01; "p=<.05;: "p=<.01; ""p=<.001
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4.3.2 Greek

The coefficients for the simple bivariate correlations (Pearson’s r) between the dependent and
the predictor variables are presented in Table 32 (values for the bilinguals are in the upper
diagonal and the coefficients for the Greek monolinguals in the lower diagonal). Non-verbal 1Q,
scores for the two types of comprehension questions and the measures of inhibition and
switching did not show significant correlations with decoding in either group®. Apart from Mr.
X scores, all other predictor variables showed significant correlations with decoding in the
bilingual group (rs between .313 and .546, ps<.05). For the Greek monolinguals, 2-back scores
and grammaticality and structure scores from the SRT also failed to show significant
correlations with the decoding measure. The coefficients for the correlations that did reach
significance in the monolingual group ranged between .274 and .539 (all ps<.05). On the whole,
the associations between the various predictor variables and the decoding measure were
stronger in the bilingual sample compared to the monolinguals. Turning to reading
comprehension, the results for the bilinguals showed significant correlations with the majority
of the predictor variables with coefficients ranging between .302 and .749 (all ps<.05). The
variables that did not show significant associations with reading comprehension scores in the
bilingual sample were the comprehension questions (both factual and mental), 2-back scores,
inhibition and switching. For the Greek monolinguals, the only variables that did not show
significant correlations with reading comprehension were scores on the comprehension
questions probing mental states of characters and the measure of inhibition. All other predictor
variables correlated significantly with reading comprehension with coefficients ranging from
247 and .719 (all ps<.05). For the bilinguals, vocabulary scores and the three scores from the
SRT showed strong correlations with each other (rs between .709 and .896, ps<.001). In the
monolingual sample, the three SRT scores were also highly correlated (between .690 and .829,
ps<.001), while the correlations between vocabulary and SRT scores were considerably weaker
than in the bilingual sample (rs between .282 and .440, p<.05). The three predictor variables
with a phonological component (i.e., digit backwards, RAN and letter fluency) showed
moderate correlations with each other in both groups, although the coefficients were slightly
higher for the bilinguals (BL: rs between .443 and .572, ps<.001; ML.: rs between .371 and .408,
ps<.01). Scores on the letter fluency task also showed strong correlations with vocabulary and
the three SRT scores in the bilingual group (rs between .501 and .600, ps<.001). The
associations were also present in the Greek monolinguals, but were considerably weaker than in

the bilingual group (rs between .217 and .463, ps<.08).

0 Although the correlation between switching and decoding was marginally significant for the English
monolinguals (r(64)=-.220, p=.081).
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Table 32. Correlations (Pearsons's r) between variables used in the analyses for Greek.

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 12 13. 14. 15. 16. 17.
1. Age -- -.158 379" 3247 317 186 073 -.2407 3747 3477 359" -232  -539" 420"  -359" 51077 388"
2. NVIQ 084 -- -.040 -.127 -.139 -.177 128 .006 4017 371 055 .104 .054 .036 -.052 .097 -.3307
3. Vocabulary 484" 3327 -- 8357 709 7377 079 214 4487 -158 186 -.197  -224 6007 -.6237 4497 7497
4. SRT-acc S21 112 4407 -- .896™* 859" 011 156 4667 -201 2457 -184  -206 5987 -.6577 5337 7497
5. SRT-gram 352 022 282" 829" - 870" 109 195 A13" -122 2607 -191  -.239 5287 -.6997" 4847 6387
6. SRT-struct Az247 087 2847 J217 6907 - -.069 203 293" -.295" 149 -072 -147 5017 -.658™ 313" 6557
7. CQ-factual 332" .049 2567 3267 2187 2857 - 4337 3197 151 075 -.091  -303" 225 -.353" 159 -.056
8. CQ-mental  .168 .059 .050 .049 -.043 031 205 -- .002 -.080 -.025 136 .009 .054 -.2927 .041 -.044
9.DB 3727 2657 3057 4057 2797 3017 190 -.083 -- 2937 166 -.103  -2417 5727 -.4437 0 54677 3027
10. Mr. X 382" 337 404107 163 084 069  -.196 383" -- 368 040 -2417 -.017 -.042 2557 -.444™
11. 2-back 207 112 153 167 154 064 -.052 .093 163 2197 - -.059  -338" 2617 -.128 3317 .004
12. Inhibition -.037 -.156 -.087 057 012 -.073 -2147  -.063 082 -.283" 072 - 3557 -.128 147 -.115 -.242
13. Switching -.073 -.2617 -.149 -.070 =.001 -.081 -.056 .068 -.331"  -326" -.055 2737 - -.383™ 2747 -.207 -.251
14. LF 548" 053 463" 335" 2147 278" 2097 112 371 152 198 -.132  -281° - -483™ 487 588"
15. RAN -488" 024 -.192 - 405" -398™"  -392*% -126 -.091 -408""  -326™ -.172 076 101 -.388"" - =437 -.6257
16. Decoding 449 190 A4 2747 2207 160 087 163 383 327 200 -.048 2207 3447 -539" -- 6377
17. RC 197 321 527 5347 334 A84™ 247" 050 S04 470" 252° -150  -.343 5417 -.466™ 555 --

Note. Bilinguals above diagonal, monolinguals below diagonal; NVIQ = non-verbal IQ; SRT-acc = SRT-accuracy; SRT-gram = SRT-grammaticality; SRT-struct =
SRT-structure; CQ = comprehension questions; DB = digit backwards; LF = letter fluency; RAN = rapid automatized nammng; RC = reading comprehension

X 23

Tp<.01; "p<.05; p=<.01; "p=<.001
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4.4 Calculation of composite scores

Prior to the main analyses, Principal Component Analyses (PCA) were carried out in order to
avoid multicollinearity in the regression models and to reduce the number of predictor variables.
The simple bivariate correlations showed strong associations between SRT scores (accuracy,
grammaticality and structure) and vocabulary in both English and Greek. Hence, a composite
score for oral language skills was computed on the basis of vocabulary scores and the three SRT
scores in each language. Scores from the comprehension questions were not included as the
correlations with the other measures were very low (all rs<.350, see Tables 31 and 32)*". In the
English data, the four variables (vocabulary and SRT scores) were strongly correlated (rs for the
whole sample between .554 and .801) and showed good factorability (KMO=.807; Bartlett’s test
of sphericity %°(6)=275.4, p<.001). The factor (i.e., composite score) extracted from the four
variables accounted for 76.3% of the variance and showed good internal consistency
(Cronbach’s «=.886). The factor loadings used to calculate the composite scores for oral
language skills in English, as well as their communalities are given in Table 33. In the Greek
data, the correlations for the total sample among the four variables were even higher than in
English and ranged between .713 and .906. The four variables showed good sampling adequacy
for the analysis (KMO=.804; Bartlett’s test of sphericity y°(6)=486.7, p<.001) and the extracted
factor (i.e., the composite score) accounted for 84.4% of the variance. The resulting oral
language composite score showed good internal consistency (Cronbach’s a=.785). The factor

loadings and communalities for the four variables are given in Table 34.

Table 33. Factor loadings and communalities based on a principal component analysis for the
four variables used to calculate the oral language composite score in English.

Factor loading Communality
Vocabulary .780 .609
SRT-acc .890 792
SRT-gram 911 .829
SRT-struct .906 .820

Table 34. Factor loadings and communalities based on a principal component analysis for the
four variables used to calculate the oral language composite score in Greek.

Factor loading Communality
Vocabulary .879 T72
SRT-acc .964 .930
SRT-gram .939 .882
SRT-struct 935 874

* A preliminary PCA that included the scores for the two types of comprehension questions also
suggested that they load on a separate factor. This was the case in both English and Greek.
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4.5 Results: Regressions
4.5.1 Decoding

A series of hierarchical regression analyses were conducted to examine the interrelationships
between the decoding measure and the various predictor variables in each group and language.
The results are summarized in Table 35 which shows the changes in R? for each step in the
analyses. Age and non-verbal 1Q made large contributions to word reading in both groups and
languages. In the bilingual sample, age and non-verbal 1Q accounted for 42.9% of the total
variance in English decoding, while in the monolingual group, their contribution was
considerably smaller with 20.8%. Similar values were obtained for Greek decoding where age
and non-verbal 1Q explained 22.7% and 29.3% of variance in monolinguals and bilinguals,
respectively. When entered at step 2, vocabulary made a significant contribution in Greek for
both groups, whereas in English it came out as a significant predictor for the bilingual, but not
the monolingual sample. Moreover, for the bilinguals, the amount of variance explained by
vocabulary was slightly higher in Greek compared to English (ENG: 5.5%; GR: 7.4%) and also
relative to Greek monolinguals (5.5%). However, when entered at the last step, vocabulary did
not account for additional variance in Greek for the bilinguals showing that it contributed to
word reading mainly through shared variance with verbal WM and RAN. Rapid naming made a
significant independent contribution to word decoding in both monolingual groups (L1-English:
8.7%; L1-Greek: 11.6%). For the bilinguals in Greek, RAN made a significant contribution
when entered at step 2 (6.4%), but not when it was entered after vocabulary or verbal WM. For
the bilinguals in English, RAN was a significant predictor when it was added at step 3, but its
contribution was only marginally significant (3.6%) when both vocabulary and verbal WM were
included in the model. In the two monolingual control groups, verbal WM did not account for a
significant amount of additional variance when entered at the final step. However, when entered
at step 3 after vocabulary, verbal WM did make a small contribution to word decoding in both
monolingual groups (L1-English: 5.8%; L1-Greek: 3.4%), although it was only marginally
significant for Greek. For the bilinguals, verbal WM made a significant contribution to word
reading independently from the other predictor variables (English: 4.4%; Greek: 5.5%). When
entered at step 2, verbal WM contributed nearly twice as much variance in Greek compared to
English (GR: 11.4%; ENG: 6.5%). In terms of total amount of variance explained by the five
predictor variables, the full model accounted for 60% of variance in English decoding for the
bilingual sample, whereas the amount for English monolinguals was considerably lower at
35.3%. For Greek decoding, the set of predictors accounted for a similar amount of variance in
the two groups (BL: 43.6%; ML: 43.1%).

As an exploratory analysis, the remaining variables that were not included in the initial
models were added at a subsequent step 5 to see whether any of them were able to account for

additional variance in word reading skills. For English word decoding, the analyses yielded no
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additional predictors for the bilinguals. For the English monolinguals, SRT-accuracy, SRT-
structure, 2-back and letter fluency scores each explained additional variance beyond the
variables included in the initial model (4.8%, 6.1%, 6.3% and 6.6%, respectively). Among these
four additional predictors, only 2-back and LF made independent contributions (3.8% and
5.8%), while the two SRT scores did not come out as significant predictors when LF and 2-back
scores were included in the model as competitors. For Greek decoding, SRT-accuracy scores
explained a significant amount of additional variance in the bilinguals (6%), whereas no other

predictors emerged in the monolingual group.

Table 35. Summary of hierarchical regression analyses showing R® changes for decoding
measure in English and Greek.

English decoding Greek decoding
Step, Predictor Bilinguals L1-English Bilinguals L1-Greek
1. Age, NVIQ 4297 208" 2937 227
2. Vocabulary 055" <.001 074 .055"
3. RAN 072" 128" 014 145
4. VVerbal WM 044" 017 .055" .005
3. Verbal WM .080™ .058" 062" 034"
4. RAN 036" .087" .006 116"
2. RAN 087" 121" 064" 1417
3. Verbal WM 031" .019 071" .008
4. Vocabulary 053" .005 .008 .055"
3. Vocabulary 040" .007 .025 .058"
4. Verbal WM 044" 017 .055" .005
2. Verbal WM 065" .058" 1147 040"
3. Vocabulary .070” <.001 .023 048"
4. RAN 036" .087" .006 116"
3. RAN .053" .083" 021 .109™
4. Vocabulary 053" .005 .008 .055"

Note. NVIQ = non-verbal 1Q; RAN = rapid automatized naming; WM = working memory
"p<.01; "p<.05; “p<.01; “"p<.001

In order to gain more insight into the structure of covariances between the predictor
variables in the main regression analyses, commonality analyses were conducted. The results
from the analyses are summarized in Table 36. For English, age accounted for a similar amount
of variance in both groups (BL: 12%; ML: 13.3%) with similar independent contributions (BL:
5.9%; ML: 6.9%). The overall effect of non-verbal 1Q was negligible for the English
monolinguals (1.3%), while it made a large contribution to word decoding in bilinguals (24.4%)
although it was almost entirely shared with the other predictor variables (unique contribution:

1.9%). Vocabulary accounted for 5.3% of individual variance in bilinguals with a total
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contribution of 22.9%, while it did not contribute to word reading in English monolinguals.
Rapid naming was a strong predictor of decoding skills in both groups, but more so in the
bilingual sample (BL: 29.8%; ML.: 21.1%). However, RAN shared more variance with the other
predictors in the bilinguals as its unique contribution was only 3.6% compared to 8.7% in the
English monolinguals. Verbal WM overall made a larger contribution in bilinguals compared to
the monolinguals (BL: 34.6%; ML: 14.6%), but its contribution in both groups was largely
mediated by the other predictor variables leaving little unique variance attributable to verbal
WM (BL: 4.4%; ML: 1.7%).

Turning to Greek, age had a large effect on decoding skills in both groups (BL: 26%;
ML: 20.2%). Moreover, it made a unique contribution of 6.8% in the bilingual sample, whereas
in the Greek monolinguals its effect was mediated by the other predictor variables leaving only
0.3% of unique variance to age. The role of non-verbal 1Q was negligible in both groups with
total contributions of less than 4%. Vocabulary was a strong predictor of word reading in both
groups with similar amounts of total variances (BL: 20.2%; ML: 19.5%) although most of the
contribution was again shared with the other predictor variables resulting in little unique
variance (BL: 0.8%; ML: 5.5%). Rapid naming was the strongest predictor in the monolingual
sample both in terms of unique and total variance explained (11.6% and 29%, respectively). For
the bilinguals, RAN was also a strong predictor of decoding skills (19.1%), but nearly all of the
variance was shared with the other predictors leaving a mere 0.6% of unique variance. Verbal
WM had a large effect on decoding skills in the bilinguals with a total contribution of 29.8%,
while in the monolingual sample the total amount of variance explained by WM was much less
with 14.7%. For the monolinguals, the effect of verbal WM was almost entirely mediated by the
other predictors (1% of unique variance). In contrast, in the bilinguals sample verbal WM
uniquely accounted for 5.5% of the total variance in word reading.
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Table 36. Unique, common and total contributions of the predictor variables in the regression
models for decoding in English and Greek.

English decoding

Bilinguals L1-English
Unique  Common Total Unique Common  Total
1. Age .059 .062 120 .069 .064 133
2. non-verbal 1Q .019 225 244 .038 -.025 .013
3. Vocabulary .053 176 .229 .005 <.001 .005
4. RAN .036 .262 .298 .087 124 211
5. verbal WM .044 .302 .346 .017 128 146

Greek decoding

Bilinguals L1-Greek
Uniqgue  Common Total Unigue  Common Total
1. Age .068 193 .260 .003 199 202
2. non-verbal 1Q .000 .009 .009 .005 .031 .036
3. Vocabulary .008 194 .202 .055 .140 195
4. RAN .006 .184 191 116 174 290
5. verbal WM .055 243 .298 .010 137 147

4.5.2 Reading comprehension

Hierarchical multiple regressions were conducted in order to investigate the predictors of
reading comprehension in monolingual and bilingual children speaking English and Greek. The
changes in R? for the various steps of the analyses are presented in Table 37. Age and non-
verbal 1Q made a substantial contribution to reading comprehension in both groups and
languages. The effect of the two variables was largest in the Greek monolinguals where they
accounted for 58.6% of the total variance. The amount of variance explained by age and non-
verbal 1Q was comparable across groups in the English data (BL: 33.7%; ML: 29.9%), while
their contribution was considerably smaller for the bilinguals in Greek (19.7%). For the
bilinguals, oral language skills accounted for a good 20% of variance in both languages,
independently from age, non-verbal 1Q and decoding skills. In contrast, the independent
contribution of oral skills was about half as much in the English monolinguals (9%), while for
the Greek monolinguals it had no significant effect on reading comprehension once individual
differences in decoding skills were accounted for. When entered at step 2, decoding made fairly
large contributions in the bilingual data in both languages (ENG: 16.1%; GR: 27.4%), a small
contribution in the Greek monolinguals (4.7%), and no significant contribution in English
monolinguals. However, for the bilinguals the effect was mediated by oral skills so that the
amount of variance explained was reduced to around 5% in both languages when oral language

skills were entered in a previous step. This was not the case for the Greek monolinguals where
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the contribution of decoding was only minimally reduced with the inclusion of oral skills in the
model (4.1%).

For English, the subsequent analyses with the various cognitive measures entered at
step 4 yielded no significant contributions of any of the measures with the exception of
switching in the bilingual sample (accounting for 5.3% of additional variance) and RAN in the
monolingual group (5.6% additional variance). For Greek, the analyses yielded two more
significant predictors in the bilingual group and one more for the monolinguals. For the
bilinguals, visual WM (Mr. X scores) and updating (2-back scores) made significant
contributions of 9.4% and 6.1%, respectively. However, when both variables were added and
updating was entered after visual WM at step 5, it was only a marginally significant predictor
(2.1%) suggesting that its effect on reading comprehension was at least partly mediated by
visual WM. In contrast, the contribution of visual WM remained significant even after
accounting for individual differences in updating skills although the amount of explained
variance was reduced from 9.4% to 5.4%. For the monolinguals, switching explained 3.8% of
additional variance in reading comprehension. With regard to the total amount of variance
accounted for by the set of predictor variables, the initial model for the bilinguals in English
with age, non-verbal 1Q, decoding and oral language skills as predictors explained 69.1% of the
total variance and the final model that included switching explained 74.4% of variance in
reading comprehension. For the English monolinguals, the amount of explained variance was
much less with 38.9% in the initial model without RAN and 44.6% in the final model. For
Greek, the initial model accounted for 67.2% of the total variance and the final model that
included visual WM and updating accounted for 78.7% of the total variance. For the Greek
monolinguals the initial model explained 65.1% of the total variance and the final model that
included switching explained 68.9% of the total variance in reading comprehension.

Table 37. Summary of hierarchical regression analyses showing R? changes for the measure of
reading comprehension in English and Greek.

English RC Greek RC
Step, Predictor Bilinguals L1-English Bilinguals L1-Greek
1. Age, NVIQ 337 2997 197 586
2. Oral language 303 .083™ 4237 028"
3. Decoding 051" .007 052" 041"
2. Decoding 1617 <.001 2747 047"
3. Oral language 193" 090" 2007 0221

"p<.01; "p<.05; “p<.01; “"p<.001

The structure of covariances among the predictors in the main regression analyses was
again examined by means of commonality analyses (see Table 38). For English, age explained

11% of variance in reading comprehension in bilinguals, with roughly half of it being variance
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shared with the other predictors (5.2%). In the English monolingual group, age made a unique
contribution of 12%, although the negative value for its common contribution suggests that it
works as a suppressor which is likely due to the negative correlation between age and non-
verbal 1Q in the English monolingual group (r(58)=-.375, p=.004, see Table 31). Non-verbal 1Q
was a good predictor in both groups with a total contribution of 17.5% in bilinguals and 17.2%
in monolinguals. For the bilinguals, nearly all of the variance explained by non-verbal 1Q was
shared with the other predictors (17.1%). In the monolingual group, non-verbal 1Q was again a
suppressor although the effect was very small (2.3%) compared to its unique contribution
(19.5%). Oral language was a very strong predictor in the bilingual group with a total
contribution of 44%, nearly half of which was unique (19.3%). The effect of oral skills on
reading comprehension was much smaller in the English monolinguals with a total contribution
of 15.4% of which 9% was unique variance. Decoding skills was the best predictor of reading
comprehension in the bilingual group with a total contribution of 46.6% although most of it was
shared with the other predictors (mainly oral skills) resulting in a unique contribution of 5.1%.
In contrast, in the monolingual group decoding skills only had a very small effect on reading
comprehension as the total contribution was a mere 4%.

Turning to Greek reading comprehension, age accounted for 15% of variance in the
bilinguals, most of which was shared with the other predictors leaving only 1.9% of unique
variance. For the Greek monolinguals, age had a large effect on reading comprehension with a
total contribution of 51.7% although only about one third of the total contribution was uniquely
attributable to age (15.7%), the remaining 36% being variance shared with the other predictor
variables. The effect of non-verbal 1Q was similar across groups with a total contribution of
10.9% in the bilinguals and 10.3% in the monolinguals. The individual contribution of non-
verbal 1Q in the monolingual group was 4.1%, while in the bilingual group its unique effect was
even smaller with 1.4%. Oral language skills had a large effect on reading comprehension
scores in both groups, but more so in the bilingual group (BL: 54.2%; ML: 31.2%). As with
most of the variables, the majority of the effect was shared with the other predictor variables in
the monolingual group leaving a unique contribution of 2.2%. In contrast, oral language skills
made a substantial independent contribution of 20% to reading comprehension in the bilinguals.
Decoding was another strong predictor in both groups with a total contribution of 40.5% in the
bilinguals and 30.8% in the monolinguals. The unique contribution of decoding was 5.2% in the

bilingual group and 4.1% in the monolinguals.
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Table 38. Unique, common and total contributions of the predictor variables in the regression
models for reading comprehension in English and Greek.

English reading comprehension

Bilinguals L1-English
Uniqgue Common  Total Unique Common  Total
1. Age .058 .052 110 120 -.089 .031
2. non-verbal 1Q .004 171 175 195 -.023 172
3. Oral language skills 193 247 440 .090 .064 154
4. Decoding .051 415 466 .007 .033 .040

Greek reading comprehension

Bilinguals L1-Greek
Uniqgue Common  Total Unique Common  Total
1. Age .019 131 .150 157 .360 517
2. Non-verbal 1Q 014 .094 109 041 .062 103
3. Oral language skills .200 342 542 .022 290 312
4. Decoding .052 .353 405 041 .268 .308

4.6 Discussion

This chapter investigated the predictors of single word reading and reading comprehension in
bilingual and monolingual children speaking English and Greek. More specifically, the first
research question asked whether the relative contributions of vocabulary, rapid automatized
naming (RAN), and verbal working memory to word reading accuracy differ as a function of
orthographic consistency and group. The second research question pertained to possible
additional contributions of other oral language and executive function skills to word reading.
The third research question concerned the relative contributions of decoding and oral language
skills to reading comprehension as a function of orthographic consistency and group. The fourth
research question addressed in this chapter asked whether RAN and executive function skills
explain additional variance in reading comprehension. The above questions were investigated
by running a series of multiple hierarchical regressions. In addition, commonality analyses were
conducted to examine the underlying structure of covariances among the predictor variables.
Prior to the main analyses, correlations among the various variables were examined to identify
potential issues with multicollinearity. The following sections summarize the results and revisit

the four research questions in turn.

Correlations
For English, the decoding measure showed small to moderate correlations with most of the
predictor variables in both the bilingual and the monolingual children. For the English

monolinguals, the only variables that correlated with reading comprehension were non-verbal
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IQ, and the grammaticality and structure scores from the SRT. In contrast, the bilingual data
showed correlations between reading comprehension and all predictor variables except the
comprehension guestions, and the measures of inhibition and updating skills. In fact, in both the
English and Greek datasets, scores on the two types of comprehension questions and the
inhibition measure did not correlate with any of the two reading measures in either group“”. For
Greek, most of the predictor variables showed significant associations with word decoding and
reading comprehension in both groups. Overall, the strength of the correlations was greater in
the bilingual data than in the monolingual data in both English and Greek. For the
comprehension questions, the lack of a relationship with the reading measures is likely due to
ceiling effects®. In contrast, the reason for the weak associations with inhibition might be task
difficulty. Recall that inhibition was measured in terms of the time it took the children to
respond to congruent and incongruent trials. The overall long reaction times (around 1650ms
across participants and conditions) and large standard deviations (nearly 750ms across
participants and conditions) indicate that at least for some of the children (especially younger
ones), task demands might have been too high to reliably measure their inhibition skills.
Nevertheless, the fact that most of the other predictor variables showed significant correlations
with the reading measures supports the idea that reading is a highly complex process that is
composed of many different sub-skills. As anticipated, the three measures derived from the SRT
correlated highly with each other in both groups and languages. The association between
vocabulary and SRT scores was much higher in the bilinguals than in the monolinguals in both
languages. On the basis of the correlational analyses, a composite score for oral language skills
that included the three measures from the SRT as well as vocabulary scores was computed for
each language.

Contributions of vocabulary, RAN, and verbal WM to word reading in English and Greek
across groups

Vocabulary: The results from the regression analyses showed that vocabulary made a
significant contribution to word reading, after accounting for age and non-verbal 1Q, in the
Greek monolingual and in the bilingual group in both English and Greek. However, the effect of
vocabulary for the bilinguals in Greek was almost entirely mediated by RAN and verbal WM,
while for the Greek monolinguals and the bilinguals in English, vocabulary explained a small
amount of variance over and above the other predictor variables. The lack of a significant
contribution of vocabulary to decoding skills in English monolingual children goes against the

prediction that lexical skills would be more relevant to word reading in languages with

2 With the exception of a small correlation between scores on comprehension questions tapping factual
information and reading comprehension in the Greek monolinguals

*3 Recall that the average scores for the two different types of comprehension questions were above 85%
in both groups and languages (see Chapter 3).
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inconsistent orthographies compared to languages with consistent orthographies (Suggate et al.,
2014; Verhoeven et al., 2011). Moreover, the commonality analyses suggested that the total
contribution of vocabulary to decoding was similar in the Greek monolingual group and the
bilingual group in English and Greek (19.5-23%). Although the English data suggests that
vocabulary plays a more prominent role in bilinguals, the fact that vocabulary is equally
important for word reading skills in monolinguals and bilinguals in Greek is contrary to the
expectation that oral skills are more crucial for bilingual reading development. Note, however,
that the prediction was based on findings pertaining to reading comprehension (Babayigit, 2015;
Droop & Verhoeven, 2003). Thus, it seems that at least for word reading in transparent
languages, lexical skills are equally important for monolinguals and bilinguals. Moreover, in the
bilinguals, vocabulary and phonological processing skills (i.e., RAN and verbal WM) seem to
be more strongly interrelated in their non-dominant language compared to their dominant
language which explains why vocabulary did not make an independent contribution in Greek.
While the results for English appear to suggest a bigger role of vocabulary in the bilinguals, the
absence of an effect of vocabulary in the English monolinguals might be due to ceiling effects.
Recall that the vocabulary test was designed for children up to 8;6 years of age, while the
children in the current sample were up to 12;7 old. Consequently, the average score for the
English monolinguals was fairly high at nearly 87% showing little variation (SD: 5.2%).
However, similar scores were obtained for the Greek monolinguals on the equivalent
vocabulary measure which makes it unlikely that the difference is caused by ceiling effects. In
light of the mixed results regarding the predictive role of vocabulary obtained in this and other
studies (Bellocchi et al., 2017; Muter et al., 2004; Ouellette, 2006), the issue warrants further
investigation.

Rapid automatized naming (RAN): Rapid naming was a significant predictor of word
reading skills in English for both groups and in Greek for the monolinguals. However, for the
monolinguals the amount of unique and total variance associated with RAN was observed to be
slightly higher in Greek, while for the bilinguals, RAN appears to contribute more variance in
English. Although the current analyses cannot ascertain whether the observed pattern for the
monolinguals reflects a statistically significant interaction between RAN and language, the
seemingly larger contribution of RAN in Greek goes against the prediction that there should be
no effects of orthographic transparency on the RAN-reading relationship when similar measures
of word reading are used across languages (Caravolas et al., 2012a; Vaessen & Blomert, 2010).
The observation that RAN shows a stronger association with word reading in Greek is also in
contrast to findings from a recent meta-analyses on the RAN-reading relationship which
revealed that overall, RAN seems to be more strongly related to word decoding in opaque
orthographies than in consistent orthographies (Araujo, Reis, Petersson & Faisca, 2015). While

the reversed pattern found in the bilinguals is in support of Araujo et al. (2015), it should be
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kept in mind that the RAN-reading relationship is likely to change as a function of reading
proficiency. More specifically, the results from Araujo et al.’s (2015) meta-analysis indicate that
the contribution of RAN to word reading increases until second grade and decreases again
thereafter. Thus, it is possible that the pattern observed in the bilinguals (i.e., RAN showing
smaller contribution to word reading in Greek) is due to their relatively low proficiency and
literacy skills in their minority language. A more systematic investigation of how reading
proficiency affects the RAN-reading relationship in monolinguals and bilinguals is needed to
confirm this hypothesis. Taken together, the results support previous findings showing that
RAN is a useful predictor of accuracy in word reading in both monolingual and bilingual
children regardless of orthographic consistency (Ziegler et al., 2010). In addition, the fact that in
the bilinguals almost all of the variance explained by RAN was shared with other predictors
points to the importance of taking into account the interrelationships between the various
subskills, as the effect of RAN might be obscured by common variance.

Verbal WM: The results from the regressions further showed that verbal WM
accounted for additional variance in decoding over and above the other predictor variables only
in the bilinguals. For the two monolingual groups, verbal WM did not make an independent
contribution to word reading which seems add odds with findings by Christopher et al. (2012)
and Gottardo et al. (1996) but, it had still had an effect through variance common with other
predictor variables. Note that the discrepancy in terms of an independent contribution of verbal
WM found in other studies might be due to the specific tasks used. In both Christopher et al.
(2012) and Gottardo et al. (1996), verbal working memory was measured by tasks that made
much higher demands on language skills than the digit backwards task used here which might
explain the stronger direct relationship with word reading reported in these studies. The amount
of common variance associated with verbal WM was nearly equal in the two monolingual
groups (L1-English: 14.6%; L1-Greek: 14.7%), and very similar across the two languages in the
bilinguals (English: 34.6%; Greek: 29.8%). Hence, the prediction that verbal working memory
would be more relevant in languages with opaque orthographies is not supported by the
monolingual data. The results for the bilinguals do seem to suggest a slightly larger contribution
of verbal WM in English in line with Geva and Siegel (2000) on which the prediction was
based, but the statistical analyses presented here are not sufficient to support such a claim.
Interestingly, the contribution of verbal WM to word decoding was nearly twice as large in the
bilinguals compared to their monolingual peers in both languages which is consistent with
findings by Bellocchi et al. (2017). Recall that executive functions (including working memory)
are argued to be enhanced in bilinguals (Adesope et al., 2010). Thus, one possible explanation
for the difference in the relative importance of verbal WM across groups is that bilingual
children rely more on their memory skills than monolinguals in order to (at least partly)

compensate for weaknesses in other areas, most notably vocabulary (see Hansen et al., 2017, for
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similar arguments). Further research is needed using different statistical procedures to confirm

this hypothesis.

Other predictors of word reading in English and Greek

The subsequent exploratory analyses yielded additional contributions of oral language and
executive function skills to word reading, as anticipated, although the observed patterns differed
across languages and groups. For Greek, accuracy scores from the SRT was a significant
predictor of word reading in the bilinguals. Recall that overall accuracy on the sentence
repetition taps into grammatical competence and vocabulary, but also working memory (Riches,
2012). Thus, the fact that accuracy scores on the SRT were associated with word reading in
bilinguals is in line with the view that oral skills are particularly important in bilingual reading
development (e.g., Proctor et al., 2005; Verhoeven, 1990). For decoding in English
monolinguals, scores on the 2-back and the letter fluency task made additional independent
contributions to word decoding. Recall that the measure of vocabulary did not contribute to
word reading in English monolinguals. However, the letter fluency task taps into both lexical
skills and executive control (Shao et al., 2014), thus suggesting that lexical skills in fact did
contribute to word decoding in the English monolinguals (in line with Chiappe et al., 2004;
Nation & Snowling, 2004; Ouellette, 2006, amongst others). Moreover, the significant
contribution of LF in the English monolinguals corroborates previous findings by Messer et al.
(2016) showing that measures of verbal fluency are good indicators of word reading skills.
Letter fluency did not account for additional variance in the Greek monolinguals and in the
bilinguals in either language which is likely due to the moderate correlations between LF scores
and vocabulary in these two groups. In contrast, LF scores did not correlate with vocabulary in
the English monolinguals which further points to the possibility that the vocabulary measure
used in the present study did not adequately capture the lexical skills of the English
monolinguals. The fact that the 2-back scores accounted for additional variance in the English
monolingual group supports the view that executive function skills that are related to attentional
control account for variance in word reading (e.g., Arrington et al., 2014). However, the 2-back
scores did not come out as an additional predictor for Greek monolinguals, indicating that
updating skills might be less relevant for word decoding in transparent languages, but this does
not explain the lack of a contribution in the bilingual data. Finally, there was no evidence for a
contribution of inhibition or switching abilities in the current study which is in contrast to
findings by Altemeier et al. (2008). In their study, Altemeier et al. (2008) did not include any
control variables, such as non-verbal 1Q, and the tasks used to measure inhibition and switching
included verbal stimuli (i.e., words and letters) which might be the reason for the discrepant
findings. Future studies are needed that look into the relationship between EF skills and word

reading in monolingual and bilingual learners across different languages to see whether
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orthographic transparency and language proficiency mediate the relationship between executive

control measures and word reading.

Contributions of decoding and oral language skills to reading comprehension in English and
Greek across groups

Turning to reading comprehension, age and non-verbal 1Q accounted for a considerable amount
of variance in all four datasets (between 20-60%). The commonality analyses revealed that the
contribution of age was much larger in the Greek monolinguals than in the other two groups
which might be due to differences between the English and Greek reading comprehension
measures. More specifically, the English measure was designed to cover the whole age range of
primary school children so that children with relatively low levels of literacy could still be
administered two passages. In contrast, the Greek reading comprehension test was targeted at
children from grade 3 onwards, which means that many of the younger monolingual children
could only be administered parts of the test. This might explain why scores on the reading
comprehension measure in Greek monolinguals were more contingent on age than in English
monolinguals.

For the bilinguals in Greek, reading comprehension was largely dependent on oral
language skills. Because of the large variation within the bilinguals in terms of exposure
patterns to English and Greek, language proficiency is a more important factor for the
development of reading comprehension than age. In fact, in the current study, oral language
skills were the best predictor of reading ability in bilinguals in either language. In line with
previous research (e.g., Chen & Vellutino, 1997; Nation & Snowling, 2004), both decoding and
oral language skills were associated with reading comprehension performance in both groups
and languages, with the exception of the English monolinguals where decoding skills did not
show a significant association with reading comprehension. Although this is consistent with
studies showing that the contribution of decoding decreases throughout the primary school years
(e.g., Catts et al., 2006; Gough et al., 1996), it is unclear why a similar developmental shift is
not visible in the bilinguals in English, given that their reading comprehension was within age-
appropriate levels. Moreover, it was predicted that reading comprehension would be more
closely related to oral language skills than to decoding abilities, especially in the more
transparent orthography of Greek. While this was indeed the case for the bilinguals in both
languages, the results for the Greek monolinguals showed similar contributions of oral language
and decoding skills. Notably, the large influence of decoding skills on Greek reading
comprehension in the bilinguals might be explained by their relatively low language and literacy
skills which suggest that they are at an earlier stage in the reading acquisition process than the
monolinguals. But, this does not explain why decoding skills still contributed substantially to

reading comprehension in the Greek monolinguals, since they can be assumed to be at an
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equally advanced stage in their literacy development as their English monolingual peers. The
most likely explanation for the discrepant findings between the English and Greek monolinguals
in terms of the relative contribution of oral language and decoding are task characteristics. It is
possible that the multiple-choice format employed in the Greek measure relies more on
decoding skills, because the choice of the correct answer typically requires attention to little
details and subtle differences in the wording of the passage and the test items. In contrast, the
open question format of the reading measure in English requires less attention to details in the
exact wording of the information in the passages, so that overall language skills become more
important. In any case, the unique variance accounted for by oral language and decoding in the
Greek monolinguals was very small (<5%). Moreover, it is notable that the majority of the
effect of decoding on reading comprehension in either language of the bilinguals was shared
with other variables, especially vocabulary.

As predicted, the effect of oral language skills on reading comprehension was
considerably larger in the bilinguals compared to the monolinguals in each language. This
corroborates previous studies that also found that oral language skills played a more prominent
role in reading comprehension in bilinguals compared to monolinguals (e.g., Babayigit, 2014;
Geva & Farnia, 2011; Verhoeven, 2000). Moreover, the contribution of oral language in the
Greek monolinguals was not significant after accounting for individual differences in decoding
ability suggesting that oral skills contributed indirectly to reading comprehension via decoding.
The commonality analyses further indicated that the overall the amount of variance explained
by decoding skills was larger in the bilinguals compared to the monolinguals. This is in contrast
to the expectation that decoding would make similar contributions in monolinguals and
bilinguals (Verhoeven & van Leeuwe, 2012). For Greek, the difference between groups in terms
of the influence of decoding skills on RC scores was relatively small (ML: 31% vs. BL: 41%)
and could be explained by the overall lower reading proficiency of the bilinguals. For English,
the difference is quite striking with a total contribution of 47% in the bilinguals compared to a
mere 4% in the monolinguals. It is likely that the marked difference has multiple sources, such
as relatively little variance in the decoding scores for the monolinguals, and more shared

variance between oral skills and decoding in the bilinguals.

Other predictors of reading comprehension in English and Greek

In terms of additional contributions of the remaining variables, the regressions revealed that
switching accounted for a small amount of unique variance in the bilingual group in English and
in the Greek monolinguals. This extends previous findings by Altemeier et al. (2008) who found
evidence for a relationship between switching abilities and reading comprehension in English
monolinguals from Years 1-5. Altemeier et al. (2008) used switching tasks with a verbal

component, (i.e., words and digits) and did not include competitor variables such as verbal and
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non-verbal 1Q in the analyses. In the current study, switching was measured by a task using
non-verbal stimuli (i.e., shapes) and was found to contribute to reading comprehension even
when age, non-verbal 1Q, vocabulary and decoding skills were accounted for. Visuospatial WM
accounted for additional variance in Greek reading comprehension in the bilingual group who
also showed a small effect of updating skills although its contribution was largely mediated by
visuospatial WM. This is in line with previous studies showing significant associations between
working memory and reading comprehension in both monolinguals (Arrington et al., 2014;
Christopher et al., 2012; Sesma et al., 2009) and bilinguals (Swanson, Orosco, Lussier, Gerber
& Guzman-Orth, 2011). Note that verbal WM did not come out as a significant predictor of
reading comprehension in any group which is in contrast to findings by Arrington et al. (2014)
who used the same type of task to measure verbal WM and reported significant effects of verbal
WM on reading skills. However, the authors noted that verbal WM also made a significant
indirect contribution to reading via decoding skills. Thus, it is likely that verbal WM did not
explain additional variance in the current study because its effect on reading comprehension was
mediated by decoding skills. The fact that visual WM contributed to reading comprehension in
the bilinguals, but not the monolinguals supports the idea that bilinguals rely more on WM
skills to compensate for their lower language proficiency. Finally, the inconsistency across
languages in that visual WM was found to predict reading performance in Greek, but not in
English might again be due to the different task format of the reading comprehension measures.
Verbal WM skills have been assessed through a wide range of tasks and previous studies have
typically used a latent variable approach to examine the relationship between WM and reading
performance. Thus, future investigations that use multiple measures of verbal and visual WM
and equivalent reading tests across languages might produce clearer results.

For the English monolinguals, RAN made a small independent contribution to reading
comprehension over and above the other predictor variables. This is in line with findings by
Joshi and Aaron (2000a) who also found significant effects of RAN on reading comprehension
in English monolinguals (see also, Araujo et al., 2015 but see, Christopher et al., 2012, for
different results). However, there was no effect of RAN on reading comprehension in the Greek
monolinguals and in the bilinguals. There are several explanations for the discrepant findings.
The reading-RAN relationship is affected by the type of reading measure used in that measures
of basic reading skills such as word reading accuracy, and measures of reading speed or fluency
show much stronger relationships with RAN than measures of reading comprehension (Araujo
et al., 2015). For example, Bellocchi et al. (2017) found that RAN predicted reading speed, but
not reading comprehension in both monolinguals and bilinguals, with the relationship being
stronger for the monolinguals. This suggests that RAN is not a crucial factor when reading is
assessed through comprehension using untimed measures. Moreover, studies that found

significant relationships between RAN and reading comprehension in bilinguals typically do not
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control for word reading skills (e.g., Nakamoto, Lindsey & Manis, 2006; Swanson et al., 2011).
Hence, it is likely that the effect of RAN on reading comprehension in bilinguals is mediated by
decoding skills, which might also be the case for the Greek monolinguals. Finally, the
difference in terms of the predictive role of RAN between the English and the Greek
monolinguals could again be due task-specifics of the reading comprehension measures. The
present results did not provide any evidence for a significant contribution of inhibition skills
over and above non-verbal 1Q, age, oral language and decoding skills which corroborates
findings by Christopher et al. (2012) and Swanson et al. (2011). It has been suggested that
inhibition is strongly related to general cognitive ability (Christopher et al., 2012) which would
explain why it did not add additional variance to reading comprehension in the current study
since non-verbal 1Q and other cognitive measures were included in the analyses. In fact, studies
that have reported significant effects of inhibition have not controlled for factors such as fluid
intelligence in the analyses (Altemeier et al., 2008; Arrington et al., 2014). Moreover, Messer et
al. (2016) compared the contribution of verbal and non-verbal EF measures to word decoding
and found that only verbal EF measures were related to word reading. Hence, it is possible that
the lack of a relationship between inhibition and reading comprehension in the current study is
due to the task using non-verbal stimuli. Overall, the results from the regression analyses
provide evidence for the importance of executive function skills for reading comprehension as
reported in previous studies (Christopher et al., 2012; Sesma et al., 2009). The finding that
different measures of EF contributed to reading comprehension across the two groups and
languages is difficult to interpret because of the different test formats of the reading
comprehension measures. Consequently, more research is needed that compares the
contribution of executive functions to reading development in monolingual and bilingual

children across different languages.

Unexplained variance

The set of predictors used in the present study were able to account for a large amount of
variance in both reading measures. However, it is clear that there is still more variance to
explain. For decoding, the predictors accounted for over 70% of the variance in the bilingual
group in English, while for the two monolingual groups and the bilinguals in Greek, the total
amount of variance explained by the full models was only 42-43%. Following previous research
(e.g., Kirby et al., 2008; Melby-Lervag et al., 2012), phonological awareness would be expected
to account for a good amount of the remaining unexplained variance in word reading.
Phonological short-term memory is another skill that has been linked to decoding abilities in
various languages (e.g., Jong & Leij, 1999; Muter & Snowling, 1998), and some studies also
found significant contributions of morphological awareness (Kuo & Anderson, 2006). For

reading comprehension, the set of predictors selected for the current study accounted for over
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70% of the total variance in the Greek monolinguals and in the bilinguals in both languages.
The total amount of variance explained by the full model was considerably lower in the English
monolingual sample at 45%. At least for the English monolinguals, it seems that more
appropriate measures of oral language skills would lead to a significant improvement of the
model. Nation and Snowling (2004) showed that when both measures of vocabulary and
listening comprehension skills are included, listening skills come out as the more important
factor in predicting reading comprehension. Thus, the use of a more appropriate measure of
listening comprehension might further increase the predictive power of the models in the current
study. Recent studies also point to the importance of reading fluency (Kershaw &
Schatschneider, 2012; Tilstra et al., 2009) which might explain additional variance in reading
comprehension over and above the predictors examined here. Moreover, there are several
studies that show a link between reading comprehension and higher-order cognitive skills that
involve executive control. For example, Oakhill and Cain (2012) found that inferencing skills
and comprehension monitoring were significant predictors of reading comprehension in Year 6
students. Finally, there is mounting evidence that narrative abilities are a reliable predictor of
literacy development in both monolingual and bilingual populations (Griffin et al., 2004; Miller
et al., 2006; Wellman et al., 2011; Wong et al., 2017).

Summary

Taken together, the results for word reading skills show highly similar patterns of predictors
across the two groups and languages, but subtle differences in the underlying relationships. The
significant contributions of vocabulary and RAN are consistent with previous findings although
the absence of a relationship between vocabulary and word reading in the English monolingual
sample is puzzling and warrants further research. The most notable difference between the
groups was that the bilinguals seem to rely more on verbal WM skills than their monolingual
peers in both languages. In contrast, RAN is a better unique predictor of word reading skills in
monolinguals compared to the bilinguals since vocabulary and phonological processing skills
seemed to be highly conflated constructs in this group. The comparison between the two
monolingual groups did not point to any crosslinguistic differences in terms of the importance
of the various predictors examined in this study.

In addition, the results showed additional contributions of measures that tapped both
verbal and executive function skills (i.e., letter fluency, 2-back, SRT). The results for reading
comprehension showed larger contributions of oral language skills in the bilinguals compared to
the monolinguals in both English and Greek. Decoding did not contribute to reading
comprehension in the English monolinguals, while it had a large effect on reading ability in the
bilinguals. This suggests that decoding continues to exert a strong influence on reading

comprehension in the bilinguals for longer, although it should be noted that oral skills and
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decoding show a large degree of overlap in this group. For Greek reading comprehension, oral
language was the best unique predictor for the bilinguals, whereas age explained the largest
amount of unique variance in the monolinguals. In both groups, decoding and oral language
made similar contributions, although there was a lot of overlap with other predictors resulting in
relatively small unique effects (except for oral language skills in the bilinguals which
contributed 20% of unique variance). The crosslinguistic comparison is difficult because of
differences in the task format of the reading comprehension measures. The large effect of age in
the Greek monolinguals, together with the marked differences between the two monolingual
groups in terms of the relative contributions of oral language and decoding skills point to
mediating effects of task characteristics. Overall, the results support the hypothesis that
bilinguals rely more on working memory than monolinguals and provide further evidence for
the importance of switching abilities for reading comprehension. Finally, the commonality
analyses revealed that there was a large amount of overlap between the predictor variables,
especially in the bilinguals resulting in relatively small amounts of unique contributions. The
large amount of overlap between variables suggests that the order in which the predictors are
entered into the regression models has a big impact on the results. Thus, it is recommended that
regression analyses are supplemented by an analysis of covariances to better understand the

interrelationships among predictor variables.
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CHAPTER S5 - BILITERACY & ORACY

5.1 Research questions & hypotheses

The aim of this chapter is to explore the possible contribution of biliteracy to oral language
skills in the bilingual children’s majority and minority languages English and Greek. The
majority of research on (bi)literacy has focused on the role of oral language skills for reading
development. The Simple View of Reading has been most influential in this regard by
postulating linguistic comprehension (i.e., oral skills) and word decoding abilities as the two
key components of reading comprehension (Hoover & Gough, 1990). While many studies have
come to show that oral language skills account for a considerable amount of variance in reading
comprehension in both monolinguals (e.g., Nation & Snowling, 2004; Silva & Cain, 2015) and
bilinguals (e.g., Babayigit, 2015; Miller et al., 2006), it is reasonable to assume that the
relationship between oral and written language skills is reciprocal (Perfetti, Landi & Oakhill,
2005). Written language is more complex than spoken language in terms of density, lexical
diversity and the range of grammatical structures used (O'Donnell, 1974). Thus, reading can be
seen as exposure to syntactically more complex language, so that uptake of written language
input is hypothesized to foster oral language development. Note that the argument is not that
children with higher levels of literacy have better knowledge of grammar, but rather that they
have an increased familiarity with more complex grammatical structures. With increasing
familiarity, the structures are processed more easily, and are thus, also more likely to be used in
production (Ellis, 2002).

Only few studies have directly examined the influence of literacy on oral language
skills. Connor et al. (2016) followed 852 children from first to second grade and found evidence
for reciprocal effects between semantic knowledge* and reading using structural equation
modelling and path analyses. The authors argue that semantic knowledge guides scaffolding
strategies that are crucial to successful reading comprehension. At the same time, successful
comprehension of written text allows children to further extend their semantic knowledge which
implies that literacy instruction may have positive effects on oral language skills. Similar
reciprocal effects between reading and oral proficiency were found in a large-scale study by
Verhoeven et al. (2011) comprising 2790 children. Participants were followed from Grade 1 up
until Grade 6 and were assessed on basic and advanced vocabulary as well as decoding and
reading comprehension skills at regular intervals. Results showed significant cross-lagged
effects between word decoding and vocabulary through Grades 2 to 5, as well reciprocal

relations between vocabulary and reading comprehension in the lower grades.

* Semantic knowledge was assessed with two assessments from the Woodcock-Johnson 111 (Woodcock,
McGrew & Mather, 2001), an academic knowledge task that required children to answer questions such
as Why do people put money in the bank?, and a picture vocabulary task where children had to name a
series of pictures.
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Further evidence for literacy effects on oral language skills comes from studies that use
measures of print exposure rather than direct assessments of reading skills. For example, Bitetti
and Hammer Scheffner (2016) investigated the role of home literacy environment on Spanish-
English bilingual children’s narrative skills in English. Home literacy environment was indexed
by the frequency of literacy activities and number of children’s books at home as reported by
the children’s mothers. Children were followed from preschool through 1% grade and were
assessed on narrative abilities at both micro- and macrostructure levels at 6-month intervals.
The results from growth curve modelling showed that the frequency with which mothers read to
their children had a positive effect on children’s narrative skills at the level of macrostructure.
In contrast, there was no evidence for a relationship between home literacy environment and
microstructure scores. The authors concluded that frequent book reading helps children
internalise the more global macrostructure features of narratives which are to a large degree
language-independent. In contrast, the more language-specific microstructure measures, such as
mean length of utterance in morphemes (MLU-m) and number of different words (NDW), did
not seem to be affected by frequency of book reading or other aspects of the home literacy
environment. The results for the microstructure measures are inconsistent with studies that have
found a positive impact of book reading on monolingual children’s oral language skills, such as
narrative skills (Leseman, Scheele, Mayo & Messer, 2007) and vocabulary (see Bus, 1Jzendoorn
& Pellegrini, 1995 for review). However, as Bitetti and Hammer Scheffner (2016) noted, no
information was collected on the language, in which these home literacy activities took place
(English or Spanish). Hence, the lack of an effect of book reading on narrative abilities at the
level of microstructure in English may be due to the literacy activities at home taking place
predominantly in Spanish. If this was indeed the case, the findings render support to the idea
that the effect of book reading on macrostructure is transferable across languages, while the
effect on microstructure is language-specific, so that English microstructure abilities are
influenced by book reading activities carried out in English with little or no effect of activities
carried out in another language.

Turning to biliteracy, there are two possible ways in which biliteracy could affect oral
language skills in the minority and majority language of bilingual children. The first possibility
is that biliteracy supports oral language skills through commonalities in higher level processing
skills and knowledge that are, at least to some degree, language-invariant (e.g., knowledge of
story structure). In this case, biliteracy contributes to oral language skills through experience
with written text accumulated across the two languages. Alternatively, it is conceivable that
biliteracy affects oral skills via executive function abilities. The rational for this possibility is
that biliteracy leads to superior executive function skills because the acquisition of literacy in a
given language results in an additional level of representation in the brain (orthographic

representation) which, in turn, increases the activation level of that language. A high level of
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(simultaneous) activation of two languages gives rise to higher levels of between-language
competition, and thus, requires more cognitive control to manage communication demands. In
this scenario, it is not only the actual level of literacy in each language that is relevant, but also
the degree to which literacy skills are balanced across languages. There has been little research
on biliteracy and its effects on language and cognitive skills and there is no commonly used
measure of biliteracy. In the present study, biliteracy was computed in two ways: based on
amount of formal schooling in the two languages (BIS=biliteracy index schooling) and based on
children’s performance on a single word reading task in English and Greek (BIR=biliteracy
index reading). Moreover, two different formulae were applied resulting in four different
indices in total (BIS1&2 and BIR1&2, see section 2.4). The set of indices based on amount of
schooling reflect a child’s experience with literacy instruction in the two languages in the school
context, while the indices based on word reading skills indicate a child’s reading proficiency.
Moreover, the two formulae that were used differ in terms of the weight that is given to two
factors: balance and actual level of experience or proficiency. Consequently, BIS/BIR1 are
purely relative measures with no information on the children’s actual amount of schooling or
level of proficiency (i.e., balance), while BIS/BIR2 can be seen as indices of children’s actual
levels of biliteracy (i.e., average level of literacy across the two languages). BIS/BIRL1 are
essentially difference scores, which means that a score of 0 would indicate perfect balance.
Thus, the expectation is that lower scores on the BIS1/BIR1 and higher scores on the
BIS2/BIR2 will be associated with overall better performance on the oral language measures.

The specific research questions addressed in this chapter are:

i. Do measures of biliteracy explain additional variance in performance on the
Sentence Repetition Task after controlling for age, non-verbal 1Q, vocabulary, and
bilingual input at home?

Previous studies have shown that performance on sentence repetition tasks is linked to
reading outcomes (e.g., Alloway & Gathercole, 2005; Babayigit, 2015). Moreover, there is
evidence that story-reading-aloud to children has positive effects on oral language skills, as
measured by sentence imitation and comprehension of stories (Vivas, 1996). No studies to date
have looked at the effects of (bi)literacy on sentence repetition, so predictions can only be
tentative. In order to repeat a sentence verbatim, children need to be familiar with the relevant
target vocabulary and have acquired the relevant target structure, i.e., they need to have the
required grammatical competence. Moreover, sentence imitation taps working memory skills
because semantic information needs to be integrated with structural cues, while, at the same
time, keeping the whole sentence in memory for subsequent recall (Alloway & Gathercole,
2005). The linguistic requirements of the SRT are highly language-specific hence, no significant

contribution of biliteracy is predicted for grammaticality or structure scores. In contrast, a
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positive effect of biliteracy might emerge for overall accuracy scores as they are partly

dependent on working memory skills which might be enhanced by biliteracy.

ii. Do measures of biliteracy explain additional variance in listening comprehension
after controlling for age, non-verbal 1Q, vocabulary and bilingual input at home?
According to the SVR, linguistic comprehension is one of two key component skills
underlying reading comprehension and there is ample research in support of this (e.g.,
Babayigit, 2014; Gough et al., 1996; Roth et al., 2002). Only few studies have looked at effects
in the opposite direction, i.e., from literacy to linguistic comprehension. Verhoeven and Leeuwe
(2008) found reciprocal associations between listening and reading comprehension in a large
sample of school-aged children suggesting that both types of comprehension rely on the same
underlying language skills (see also Sears & Keogh, 1993). Like sentence imitation, listening
comprehension depends heavily on language-specific lexical and grammatical skills. Thus, there
is little reason to expect a significant contribution of biliteracy to listening comprehension skills.
However, in the current study, listening comprehension was measured by means of narratives,
which means that knowledge of story structure could have a positive effect on comprehension
scores. Vivas (1996) found evidence that frequent story-book reading improved children’s story
comprehension skills. Hence, any significant contributions of biliteracy to listening
comprehension scores are likely to be due to children’s knowledge of story structure which is
language-invariant, and therefore, transferable across languages. Another possibility is that
biliteracy affects narrative comprehension via executive function skills. In this case, a
significant association would be expected between biliteracy and questions about the mental
states of characters, but not necessarily between biliteracy and factual questions. This is
because, questions that refer to the mental states of characters tap skills that are related to
Theory of Mind skills (e.g., making inferences about emotions) which are closely linked with
executive function abilities (Carlson & Moses, 2001; Hughes, 1998).

iii. Do measures of biliteracy explain additional variance in narrative skills at the level
of microstructure after controlling for age, non-verbal 1Q, vocabulary and bilingual
input at home?

Recall that narrative abilities can be analysed at the level of macrostructure and
microstructure. Macrostructure refers to the overall coherence and organization of the story
while microstructure is concerned with linguistic features of narratives at the word and sentence
level such as length, syntactic complexity and lexical diversity, among others. Narrative skills at
the level of macrostructure require knowledge about story grammar in terms of introducing
characters, establishing the setting and describing complete story episodes that consist of

causally connected goal-attempt-outcome sequences (Trabasso & Nickels, 1992). Story
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structure taps knowledge and skills that are to a large degree language-invariant, and thus,
relatively independent of a child’s level of language proficiency. In contrast, narrative abilities
at the level of microstructure predominantly tap lexical and syntactic skills that are highly
language-specific. Moreover, the quality of a story depends at least to some extent on executive
function abilities in that the narrator needs to maintain the overall story structure in memory,
while giving complete and coherent accounts of the smaller story segments and shifting between
one episode and the next (Friend & Bates, 2014). In support of this, Friend and Bates (2014)
found that that EF skills and narrative production were related longitudinally but not
concomitantly in monolingual 4 to 5-year-old children. Narrative production was measured in
terms of a complexity scale developed by Cobo-Lewis et al. (2002a) that included both
microstructure and macrostructure features, so it remains unclear how EF skills relate to each of
the two levels of narrative skills individually. Turning to the predictions for the present sample,
if biliteracy has positive effects on executive function skills, it is in principal possible that the
data show an association between biliteracy and microstructure measures. However, the relative
importance of EF skills for narrative microstructure is likely to be rather small compared to
language proficiency. Hence, it is predicted that biliteracy will make no significant contribution
to narrative microstructure skills. This is because measures of story length, syntactic
complexity, grammaticality, and verb diversity are heavily dependent on language proficiency,
especially vocabulary and syntactic skills and are thus, highly unlikely to be transferable across
languages (lluz-Cohen & Walters, 2012).

5.2 Data analyses

The research questions were addressed by running a series of fixed-order hierarchical
regressions. Before running the regression analyses, bivariate correlations were calculated to
locate significant associations between the predictor variables and the outcome measures, and to
identify potential issues with multicollinearity among the predictor variables. For the
regressions, a baseline model was specified first, to which the various biliteracy indices were
added in an additional step to examine whether biliteracy makes a unigue contribution to
children’s oral language skills in the two languages. The baseline model included the following
variables: 1) age; 2) non-verbal 1Q, i.e., Raven’s standard scores; 3) bilingual input at home and,
4) vocabulary scores in the respective language. Bilingual input at home was calculated as the
difference between English and Greek in terms of relative amount of language input/use at
home (see section 2.2.2), and was included in order to disentangle bilingualism effects from
biliteracy effects. In the baseline models, vocabulary was entered separately at a second step in
order to determine its independent contribution to the outcome measures. Each regression model

was assessed as to whether the assumptions for multiple linear regressions were met. Outliers
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were identified by looking at the standardized residuals where values of >3.29 represent
outliers. Moreover, the data was scanned for influential cases, i.e., data points for which Cook’s
Distance exceeded 1. The assumption of independence of errors was checked by inspecting the
Durbin-Watson test statistic where values below 1 and above 3 have been suggested to be cause
for concern. Homoscedasticity was assessed by plotting the standardized predicted values
against the standardized residuals and inspecting the resulting graph for violations of
homogeneity of variance and/or violations of the assumption of linearity. Finally,
multicollinearity was gauged by inspecting the values for the variance inflation factor (VIF)
statistic which is an indication of the strength of the relationship between predictors. Models
that contained VIF values above 10 or for which the average VIF was substantially greater than

1 were flagged and were reported as unreliable.

5.3 Results: Correlations

The correlations coefficients (Pearson’s r) for the associations between the predictor variables
and the outcome measures in English and Greek are given in Tables 39 and 40, respectively. For
English, the results showed strong correlations among the three SRT measures (rs between .808
and .872, all ps<.001), while scores for the two types of comprehension questions (i.e.,
questions about factual information and questions tapping mental states of characters) were only
weakly correlated (r(50)=.339, p=.018). For microstructure measures, story length showed a
positive association with syntactic complexity (r(50)=.653 , p<.001), whereas verb diversity was
negatively correlated with length r(50)=-618 , p<.001), and syntactic complexity (r(50)=-.423 ,
p=002). The three SRT scores correlated negatively with story grammaticality (rs between -.594
and -.604, all ps<.001), and SRT accuracy also correlated with story length (r(50)=.337,
p=.017). From the predictor variables, age was positively correlated with story length
(r(50)=.430, p=.002), syntactic complexity (r(50)=.454, p<.001), and showed a negative
correlation with verb diversity (r(50)=-.299, p=.035). Non-verbal 1Q correlated with the three
measures from the SRT (rs ranging from .343 to .373, all ps<.015), while bilingualism at home
(i.e., balanced input) did not show any significant associations with any of the outcome
variables. English vocabulary was strongly correlated with the three measures from the SRT (rs
ranging from .591 to .657, all ps<.001), as well as with the grammaticality index from the
narratives (r(50)=-.588, p<.001). Regarding the four biliteracy indices, BIS1 did not correlate
with any of the oral language measures. In contrast, BIS2 showed significant positive
correlations with story length and syntactic complexity (length: r(48)=.348, p=.015, and
complexity: r(50)=.390, p=.006), as well as a marginally significant negative association with
grammaticality scores from the narratives (r(50)=-.274, p=.059). BIRL1 correlated negatively

with syntactic complexity (r(50)=-.361, p=.010), and showed a marginally significant negative
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association with comprehension questions about mental states of characters (r=-.255, p=.074).
Finally, BIR2 scores showed significant positive associations with story length (r(50)=.368,
p=.009) and syntactic complexity (r(50)=.414, p=.003), while the association with mental state
questions was only marginally significant (r(50)=.238, p=.096).

Turning to Greek, the three SRT measures were again highly correlated (rs between
.848 and .888, all ps<.001), and there was a moderate association between the two
comprehension question types (r(50)=.427, p=.002). The narrative measures showed moderate
to strong associations with each other and with SRT scores (rs between -.479 and .887, all
ps<.001), with the exception of the verb diversity measure which only correlated with story
grammaticality (r(50)=-.393, p<.005). Moreover, grammaticality of the narratives and scores on
the comprehension questions about factual information showed a small negative correlation
(r(50)=-.335, p=.017). Regarding the relationships between the predictor variables and the
Greek outcome measures, age showed a strong correlation with syntactic complexity of the
narratives (r(50)=.539, p<.001), and moderate correlations with SRT accuracy and
grammaticality scores, as well as grammaticality, length and number of different verbs in the
narratives (rs ranging from .336 to -.365, all ps<.019). Non-verbal 1Q and bilingualism at home
did not correlate with any of the oral language measures in Greek. Greek vocabulary showed
strong correlations with all measures from the SRT and the narratives (rs ranging from .500 to
.833, all ps<.001), except for the correlation with verb diversity which was considerably
smaller, but still significant (r(50)=.305, p=.031). For the four biliteracy indices, BIS1 did not
correlate with any of the oral language measures, while BIS2 showed a significant positive
association with narrative length (r(50)=.300, p=.038), and a negative association with scores on
mental comprehension questions (r(50)=-.452, p<.001). For the performance-based indices,
BIR1 showed a significant negative association with SRT accuracy scores (r(50)=-.366,
p=.010), as well as a positive association with story grammaticality (r(50)=.312, p=.027).
Moreover, BIR1 showed marginally significant correlations with SRT grammaticality scores,
scores for factual comprehension questions, story length and syntactic complexity (rs between -
244 and -.273, all ps<.10). Finally, BIR2 was positively correlated with SRT accuracy, SRT
grammaticality, story length, and syntactic complexity of the stories, and showed a negative

association with story grammaticality (rs between -.318 and .414, all ps<.024).
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Table 39. Correlations between predictor variables and the oral language measures for English.

L. 2. 3. 4. 5. 6. 7. 8. 9 10.
1. SRT-accuracy --
2. SRT-grammaticality 836" --
3. SRT-structure 8727 808" -
4. CQ total -.060 -.098 -.154 -
5. CQ factual -.174 -.220 -279° 759" -
6. CQ mental 045 .026 -.011 870" 339" -
7. Story-length 337" 143 221 181 092 194 --
8. Story-grammaticality =598 -590"  -.6047 051 .040 .043 -.2457 --
9. Story-syntactic complexity 2687 055 108 183 060 221 653" -200 -

10. Story-verb diversity .001 2367 043 -.226 -.181 -.190 -618™ 044 -423™ -
Age 015 -223 -113 034 055 .007 4307 -.051 454" -299°
Non-verbal 10 343" 363" 373" .087 -.105 206 .083 -2517 131 .166
Bilingualism at home -.103 -.207 -2627 -.032 -.025 -.026 -.030 2417 .059 -.142
Vocabulary 6207 6577 5917 -.020 -.162 094 2507 -.588" 147 138
BISI -.105 021 -.178 -.112 -.050 -.123 .033 -.051 -.056 .040
BIS2 200 043 141 -.109 -.097 -.083 348" -.2747 390 -.183
BIRI -.193 -.072 -.083 -.227 -.096 -.2557 -214 079 -3617" 091
BIR2 131 -.024 018 215 097 2387 283" -.078 3437 -.178

Note. SRT = Sentence Repetition task; CQ = comprehension questions; BIS = biliteracy index schooling; BIR = biliteracy index reading

T p<10; " p<.05; " p<.01;

EE 3 3

p=.001
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The zero order correlations (Pearson’s r) for the associations between the predictor
variables are presented in Table 41. Age showed moderate associations with Greek vocabulary
and the two BIR scores (rs between -.301 and .492, all ps<.034). Age was also strongly
correlated with BIS2 scores (r(48)=.697, p<.001). Non-verbal 1Q was positively correlated with
English vocabulary scores (r(50)=.494, p<.001), but did not correlate with any of the biliteracy
indices. Balanced use of the two languages at home (i.e., bilingualism at home) showed
moderate positive associations with the biliteracy indices based on schooling (i.e., BIS1 and
BI1S2), as well as with BIR2 scores (rs ranging from .321 to .383, all ps<.026). English
vocabulary scores did not correlate with any of the indices, except for a small, marginally
significant association with BIS2 scores (r(48)=.277, p=.057). In contrast, Greek vocabulary
scores significantly correlated with the two performance-based indices (BIR1: r(50)=-.279,
p=.050; BIR2: r(50)=.320, p=.023), and showed a marginally significant association with BIS1
scores (r(48)=-.241, p=.098). With regard to the relationships between the four biliteracy
indices, BIS1 did not correlate with BIS2 scores (r(48)=.092, p=.533), but showed a marginally
significant association with BIR1 scores (r(48)=.279, p=.055). The two biliteracy indices that
were calculated on the basis of children’s performance on the decoding measure were highly
correlated with each other (r(50)=-.901, p<.001). Finally, there was a small correlation between
BIS2 and BIR2 scores (r(48)=.370, p=.010). Taken together, the correlation analyses show little
signs of multicollinearity, with the exception of the strong correlation between age and BIS2
scores, suggesting that the results for BIS2 should be supplemented by further collinearity

diagnostics.

Table 41. Correlations between predictor variables.

1. 2. 3. 4. 5. 6. 7. 8.
1. age --

2. non-verbal 1Q -.158 -

3. BL at home 250" -.067 --

4. English vocab -.007 4947 -137 --

5. Greek vocab 3797 -.040 256" -.316" -

6. BIS1 -.115 -.013 3837 002 -.241" --

7. BIS2 6977 -.030 326" 277" 165 .092 --

8. BIR1 -301"  -271t -176 -077 =279 279" -226 -
9. BIR2 492" 261" 321" 078 3200 -172 3707  -9017"

Note. BL = bilingualism; vocab = vocabulary
" p<.10; " p<.05; ™ p<.01; 7 p<.001

5.3 Results: Sentence repetition
5.3.1 English

The baseline regression models for the three scores from the sentence repetition task in English

are presented in Table 42. The model for SRT accuracy provided a good fit for the data
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(F(4,43)=7.13, p<.001) accounting for 39.9% of the total variance. Vocabulary was the only
significant predictor (p=.59, p<.001) with an individual contribution of 24.7% to SRT accuracy
scores. The baseline model for the grammaticality scores was significant (F(4,43)=10.50,
p<.001) and explained 49.4% of the total variance. VVocabulary was the only significant
predictor in the model (f=.63, p<.001) individually accounting for 27.7% of the total variance.
For SRT structure scores, the baseline model fitted the data well (F(4,43)=7.10, p<.001) and
accounted for 39.8% of the total variance. VVocabulary was again the only significant predictor
in the final model (B=.50, p<.001) with an individual contribution of 17.8% to the total
variance. The contribution of biliteracy to SRT scores was assessed by adding the various
biliteracy indices to the baseline regression models to see whether they led to a significant
improvement of the model. The results for the final regression models are given in Table 43.
None of the four biliteracy indices made a significant independent contribution to accuracy,

grammaticality or structure scores from the SRT in English.

Table 42. Baseline regression models for SRT scores in English.

SRT-accuracy

SRT-grammaticality

SRT-structure

Step/Variable B SE B B B SEB B B SEB B

1. Constant 57.89 10.73 78.88 9.07 77.09 8.06

1. Age 01 06 .02 -10 .05 -21' -.02 .05 -.06
1. Non-verbal 1Q .04 .08 .06 .02 .07 .04 .05 06 .12
1. BL at home -.01 03  -.02 -02 .03 -07 -.03 03 -17
2. Vocabulary 71 17 597 69 .14 637 45 13 507
AR? Model 2 247 277 178

Fchange 17.657" 235277 12,747

R? Model 2 399 494 398

F 7137 10.50™" 7.10™"

Table 43. Contribution of the four biliteracy indices in the final regression models for English
SRT scores.

SRT-accuracy SRT-grammaticality SRT-structure

Index R  AR? F R AR? F R  AR? F
BIS1 410 .011 0.80 495 001 0.04 415 018 1.28
BIS2 402  .003 020 498 004 0.38 427 029 213
BIR1 416 017 1.23 502 .008 0.69 402 .004 027
BIR2 404 .005 0.35 496 .002 0.15 399 .001 0.07
5.3.2 Greek

Table 44 presents the baseline regression models for the three scores from the SRT in Greek.
The model for overall accuracy fitted the data well (F(4,41)=23.80, p<.001) and accounted for
69.9% of the total variance. Vocabulary was the only significant predictor (f=.81, p<.001)
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individually accounting for 54.2% of the total variance. For the grammaticality score, the model
was again significant (F(4,41)=11.58, p<.001) and explained 53% of the total variance.
Vocabulary was the only significant predictor (§=.70, p<.001), although the contribution of
balanced input at home (Bilingualism at home) just missed significance® (p=-.21, p=.051).
Similar results were obtained for structure scores. The overall model provided a good fit for the
data (F(4,41)=13.98, p<.001) accounting for 57.7% of the total variance. The only predictor that
reached significance was again vocabulary (p=.78, p<.001) accounting for 50.6% of the total
variance, while bilingualism at home was a marginally significant predictor (p=-.21, p=.061).
The next step was to add the four biliteracy indices to the baseline models to probe whether they
made a significant contribution to SRT scores in Greek. Table 45 presents the results for the
final regression models for the Greek SRT scores. For overall accuracy scores, both
performance-based indices of biliteracy were able to explain a small, but significant amount of
additional variance over and above the variables included in the baseline model (BIR1:
F(1,40)=7.27, p=.010; BIR2: F(1,40)=8.20, p=.007). The amount of additional variance
explained was slightly higher for BIR2 at 5.1%, while BIR1 individually accounted for 4.6% of
the variance. Moreover, the results for SRT grammaticality scores showed a marginally
significant contribution of BIR2 (F(1,40)=3.61, p=.065), explaining 3.9% of the total variance.
The results further showed significant contributions of BIS2 scores to SRT accuracy
(F(1,40)=5.62, p=.023), SRT grammaticality (F(1,40)=7.06, p=.011), as well as to SRT
structure scores (F(1,40)=4.80, p=.034). The amount of additional variance explained by BIS2
was 3.7% for accuracy, 7% for grammaticality, and 4.5% for structure scores. However, in all
three cases the regression coefficient for BIS2 was negative suggesting that children with lower
amounts of formal schooling across the two languages performed better than children who had
received high amounts of instruction across the two languages. Recall that BIS2 and age
showed a high correlation pointing to possible issues with multicollinearity. However, the
associated VIF values were below 2.3, which is well within the acceptable range suggesting that
the results were not affected by multicollinearity. None of the other biliteracy indices were able
to explain additional variance on structure scores in Greek after accounting for age, non-verbal

1Q, bilingual input at home and vocabulary.

** Recall that balanced input at home was calculated as the difference in the relative amount of input
between English and Greek. Hence, lower scores indicate small differences in amount of input so that
children with more balanced input scored higher on grammaticality in the SRT in Greek than children
with marked differences in amount of input.

152



Table 44. Baseline regression models for SRT scores in Greek.

SRT-accuracy

SRT-grammaticality

SRT-structure

Step/Variable B SEB B B SEB B B SEB B

1. Constant -12.46  26.61 3453 20.76 54.72 27.26

1. Age -12.17 16 .10 17 12 .16 -05 .17 -.03
1. Non-verbal 1Q -13 16 -.07 -.06 13 -.05 -21 16 -13
1. BL at home -07 .08 -.08 -13 06 -23' -16 .08 -21'
2. Vocabulary 232 21 817 1.25 21 .70 1.94 28 .78
AR? Model 2 542 402 506

Fchange 73.837 35.06" 49.04™
R?Model 2 .699 530 577

F 23.807 11.58™ 13.98™

Table 45. Contribution of the various biliteracy indices in the final regression models for Greek

SRT scores.

SRT-accuracy SRT-grammaticality SRT-structure
Index R® AR’ F R? AR? F R° AR° F
BIS1 700 .001 0.13 535  .004 0.37 585 .008 0.75
BIS2 736 .037 562 601 .070 7.06 622 .045 4.80
BIR1 745 046 7277 547 017 147 579 .002 0.20
BIR2 750 051 8207 569  .039 361 579 .002 0.21

5.4 Results: Listening comprehension

5.4.1 English

Table 46 presents the baseline models for the total scores on the English comprehension

questions, as well as for the scores for questions tapping factual information and questions

about mental states of characters separately. The baseline models did not provide a good fit for

the data for any of the comprehension question scores (CQ-total: F(4,43)=0.35, p=.841; CQ-
factual: F(4,43)=0.39, p=.816; CQ-mental: F(4,43)=0.71, p=.590). Accordingly, neither

vocabulary nor the other control variables came out as significant predictors for scores on

comprehension questions in English. Table 47 shows the results from the final regression

models that included the various biliteracy indices. None of the four biliteracy indices made a

significant contribution to any of the English comprehension question scores.
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Table 46. Baseline regression models for scores on the English comprehension questions.

CQ-total CQ-factual CQ-mental
Step/Variable B SEB B B SEB B B SEB B
1. Constant 85.53 10.62 98.55 11.45 73.30 14.02
1. Age .02 06 .04 .02 07 .06 01 08 .02
1. Non-verbal 1Q .09 .08 .20 01 09 .03 16 10 27
1. BL at home -.01 .03 -.05 -.01 04 -.06 -.01 04  -02
2. Vocabulary -13 17 -14 -.20 18  -.20 -.07 22  -05
AR? Model 2 .013 027 .002
Fchange 0.60 1.20 0.09
R? Model 2 .032 .035 .062
F 0.35 0.39 0.71

Table 47. Contribution of the four biliteracy indices in the final regression models for the
English comprehension question scores.

CQ-total CQ-factual CQ-mental
Index R AR? F R AR’ F R®  AR? F
BIS1 .041 .009 0.42 .035 <001 0.02 077 015 0.69
BIS2 .048 .016 0.70 .045 .010 0.42 073 .011 0.1
BIR1 .069 .037 1.68 .048 .014 0.60 .098 .036 1.68
BIR2 071 .039 1.79 .050 .015 0.68 .099 037 1.73

5.4.2 Greek

The baseline regression models for total scores on the comprehension questions and for scores
on the two different question types are given in Table 48. For overall accuracy on the
comprehension questions, the baseline model accounted for 16.2% of the total variance, but the
change in R? from the null model was not significant (F(4,43)=2.07, p=.101). Nevertheless,
vocabulary was a significant predictor (f=.38, p=.019) that independently explained 11.6% of
the total variance. The baseline model for scores on questions probing factual information, the
baseline model did not provide a good fit for the data (F(4,43)=0.99, p=.422) with merely 8.4%
of the total variance explained and none of the predictor variables turning out significant. In
contrast, the baseline model for comprehension questions about mental states of the characters
fitted the data well (F(4,43)=4.48, p=.004) and accounted for 29.4% of the total variance. Age
was a significant predictor (=-.48, p=.002), however, its impact was negative in that younger
children scored better on comprehension questions about the mental states of characters than
older children. The second significant predictor in the baseline model was vocabulary (f=.49,
p<.001) which independently accounted for 19.2% of the total variance in comprehension
scores probing mental states of characters. A summary of the final regression models that
included the four biliteracy indices is given in Table 49. None of the six biliteracy indices was

able to explain additional variance in comprehension question scores, with the exception of

154



BIS2 which made a marginally significant contribution to scores on mental states questions
(F(1,42)=3.29, p=.077), explaining 5.1% of the total variance. Note that all values for VIF were

below 2.4 suggesting that multicollinearity was not an issue.

Table 48. Baseline regression models for scores on the Greek comprehension questions.

CQ-total CQ-factual CQ-mental
Step/Variable B SEB P B SEB B B SEB B
1. Constant 81.03 16.08 68.27 17.54 114.77 19.90
1. Age -15 10 -.23 -.03 11 -.04 -42 12 -487
1. Non-verbal 1Q 12 10 .16 -.01 05 -01 -.01 13 -01
1. BL at home -.05 05 -15 24 17 .24 -.06 06 -13
2. Vocabulary 38 16 .38 16 1121 .66 19 497
AR? Model 2 116 044 192
Fchange 5.95" 2.09 11677
R? Model 2 162 .084 294
F 2.07 0.99 4.48"

Table 49. Contribution of the four biliteracy indices in the final regression models for the Greek
comprehension question scores.

CQ-total CQ-factual CQ-mental
Index R? AR? F R® AR’ F R  AR? F
BIS1 174 .013 0.64 .087 .003 0.13 295  .001 0.06
BIS2 .180 .019 0.95 .089 .005 0.23 345 051 3.29
BIR1 .186 .024 1.25 105 .020 0.95 304 .010 0.61
BIR2 175 .013 0.67 102 .017 0.82 299  .005 0.29

5.5 Results: Narrative microstructure

5.5.1 English

The baseline models for narrative length and syntactic complexity are given in Table 50 and the
models for grammaticality and verb diversity are presented in Table 51. For story length, the
baseline model fitted the data well (F(4,43)=3.63, p=.012), accounting for 25.3% of the total
variance. Age was the only variable that came out as a significant predictor (f=.45, p=.002)
with older children producing longer narratives. The analyses for syntactic complexity yielded
similar findings. The baseline model was significant (F(4,43)=3.59, p=.013) and accounted for
25% of the total variance with age being the only significant predictor in the model (p=.48,
p<.001). The baseline model for grammaticality provided a good fit for the data (F(4,43)=6.57,
p<.001), explaining 37.9% of the total variance. Vocabulary was the only significant predictor
(B=-.57, p<.001) and individually accounted for 22.6% of the total variance. The negative value
of the regression coefficient reflects the fact that children with larger vocabularies produced

fewer grammatical errors in their narratives. For the verb diversity measure, the baseline model
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did not provide a good fit for the data (F(4,43)=1.31, p=.283), with only 10.8% of the total
variance explained and none of the predictor variables making a significant contribution®®. The
next step was again to add the various biliteracy indices to the baseline regression models to
investigate whether they explain additional variance in narrative microstructure. The final
regression models for story length and syntactic complexity are given in Table 52 and the
models for grammaticality and verb are summarized in Table 53. The results from the final
regression models showed no significant contribution of biliteracy to any of the microstructure

measures from the English narratives.

Table 50. Baseline regression models for length and syntactic complexity of the English
narratives.

Length Complexity
Step/Variable B SE B B B SEB B
1. Constant -17.52 20.62 -12.96 14.06
1. Age 39 12 45" 29 .08 48"
1. Non-verbal 1Q 13 15 13 10 A1 16
1. Bilingualism at home -.05 .06 -11 -.01 .04 -.04
2. Vocabulary 35 33 17 .09 22 .07
AR? Model 2 021 .003
FChange 1.19 0.18
R?Model 2 253 250
F 3.63" 3.59"

*® Note that age came out as a marginally significant predictor in the baseline model (p=-.27, p=.078),
although the negative value of the regression coefficient suggests that younger children had higher
scores for verb diversity. However, younger children also produced shorter narratives and shorter
narratives tended to show more verb diversity. Thus, the negative contribution of age is likely due to the
fact that the verb diversity measure is confounded with narrative length. In line with this, the effect of
age disappeared when story length was included as an additional predictor in the baseline model (=.05,
p=.722).
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Table 51. Baseline regression models for grammaticality and verb diversity of the English
narratives.

Grammaticality Verb Diversity
Step/Variable B SE B B B SE B B
1. Constant 32.46 10.57 63.00 11.28
1. Age -.04 .06 -.09 -12 .07 -27
1. Non-verbal 1Q <.01 .08 .01 .02 .08 .03
1. Bilingualism at .05 .03 19 -.01 .03 -.06
home
2. Vocabulary -.66 17 -577 13 18 12
AR? Model 2 226 .010
Fchange 15.65 0.50
R® Model 2 379 .108
F 6.57 1.31

Table 52. Contribution of the four biliteracy indices in the final regression models for story
length and syntactic complexity of the English narratives.

Length Complexity
Index R AR® F R® AR® F
BIS1 273 .020 1.18 251 .001 0.02
BIS2 .255 .002 0.12 .258 .008 0.47
BIR1 257 .004 0.23 .286 .036 2.14
BIR2 .256 .003 0.20 257 .007 0.41

Table 53. Contribution of the four biliteracy indices in the final regression models for
grammaticality and verb diversity of the English narratives.

Grammaticality Verb Diversity
Index R° AR? F R® AR? F
BIS1 401 .022 151 .109 .001 0.06
BIS2 415 .036 2.59 .109 <.001 0.01
BIR1 .382 .003 0.19 .109 .001 0.05
BIR2 .384 .004 0.30 113 .004 0.20

5.5.2 Greek

The baseline models for the Greek microstructure measures of story length and syntactic
complexity are presented in Table 54, and the models for grammaticality and verb diversity are
given in Table 55. For narrative length in Greek, the baseline model provided a good fit for the
data (F(4,43)=5.26, p=.002), explaining 32.8% of the total variance. Vocabulary was the only
significant predictor (f=.48, p<.001) with an independent contribution of 18.4% to the total
variance. The baseline model for syntactic complexity was significant (F(4,43)=7.62, p<.001),

and was able to explain 41.5% of the total variance. The variables that came out as significant
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predictors were age (p=.40, p=.003) and vocabulary (f=.39, p=.005), with vocabulary making
and independent contribution of 12% to the total variance. The narratives of older children and
children with higher vocabulary scores were syntactically more complex than the stories
produced by younger children and children with low vocabulary scores in Greek. For the
measure of grammaticality, the baseline model was again significant (F(4,43)=12.61, p<.001),
and accounted for 54% of the total variance. Balanced input at home and vocabulary came out
as significant predictors in the final baseline model, with the contribution of vocabulary being
larger (B=-.68, p<.001) than that of balanced input at home (p=.31, p=.007). Note that bilingual
input at home made a positive contribution to grammaticality scores in that children with more
balanced input at home also produced fewer grammatical errors in their narratives. The
independent contribution of vocabulary to grammaticality scores in Greek was 37.2%. Turning
to the measure of verb diversity, the final baseline model accounted for 10.2% of the total
variance, but did not reach significance (F(4,43)=1.23, p=.314). Nevertheless, vocabulary was a
significant predictor of verb diversity (p=.33, p=.046) and independently accounted for 8.8% of
the total variance. The four biliteracy indices were again added to the baseline models for the
various measures of narrative microstructure in Greek. The final regressions models for length
and syntactic complexity are summarized in Table 56, and Table 57 presents the results for
grammaticality and verb diversity. The analyses did not show any significant contributions of

biliteracy to narrative abilities in Greek at the level of microstructure.

Table 54. Baseline regression models for length and syntactic complexity of the Greek
narratives.

Length Complexity
Step/Variable B SEB § B SEB B
1. Constant -8.15 22.02 95 11.97
1. Age 19 14 20 23 .08 407
1. Non-verbal 1Q 16 14 14 -.02 .08 -.04
1. Bilingualism at home -.04 .07 -.08 -.03 .04 -.10
2. Vocabulary 73 21 487 34 12 397
AR? Model 2 184 120
Fchange 11.76" 8.80"
R? Model 2 328 415
F 5.26" 7627
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Table 55. Baseline regression models for the measures of grammaticality and verb diversity of
the Greek narratives.

Grammaticality Verb Diversity
Step/Variable B SE B B B SE B B
1. Constant 75.84 23.81 53.91 13.37
1. Age -21 15 -.16 -.03 .08 -.06
1. Non-verbal 1Q -.04 15 -.03 -.05 .09 -.09
1. Bilingualism at home 21 .07 317 -.03 .04 -10
2. Vocabulary -1.35 23 -687" 27 13 33"
AR? Model 2 372 .088
FChange 34.75*** 4.21*
R* Model 2 540 102
F 12,617 1.23

Table 56. Contribution of the four biliteracy indices in the final regression models for length
and syntactic complexity of the Greek narratives.

Length Complexity
Index R? AR? F R? AR? F
BIS1 344 .016 1.00 420 .005 0.38
BIS2 .356 .028 1.84 439 024 1.78
BIR1 332 .003 0.21 419 .004 0.31
BIR2 345 017 1.07 444 .029 2.21

Table 57. Contribution of the four biliteracy indices in the final regression models for
grammaticality and verb diversity from the Greek narratives.

Grammaticality Verb Diversity
Index R AR’ F R AR’ F
BIS1 546 .006 0.53 115 012 0.58
BIS2 552 .013 1.18 103 .001 0.02
BIR1 556 .016 151 130 .028 1.33
BIR2 557 017 1.63 107 .005 0.23

5.7 Discussion

The aim of the present chapter was to investigate whether measures of biliteracy can explain
variance in oral language skills in bilinguals, after controlling for age, non-verbal 1Q, bilingual
input in the home, and vocabulary. The research questions were based on the assumption that
oral language abilities and reading skills form a reciprocal relationship. Although only few
studies have directly investigated the effects of reading competency on oral language skills, the
findings so far suggest that the influence goes indeed both ways (e.g., Connor et al., 2016;
Verhoeven et al., 2011). Next, it was hypothesized that oral language measures differ in the
extent to which they require language-specific knowledge and skills. For example, performance
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on the sentence repetition task is highly dependent on children’s lexical skills and knowledge of
syntax in the target language. Similarly, narrative abilities at the level of microstructure are, for
the most part, language-specific so that limited language proficiency (especially productive
skills) will affect aspects such as length, syntactic complexity, verb diversity and
grammaticality of narratives produced in that same language (lluz-Cohen & Walters, 2012). In
contrast, it was argued that children’s comprehension of oral narratives also depends on
knowledge and skills that are language-invariant, such as knowledge of story structure and
inferential skills, in addition to language-specific abilities. Consequently, significant
contributions of biliteracy were anticipated for the measure of listening comprehension,
especially for questions about mental states of characters as these typically required the children
to make inferences. On the other hand, no significant effects of biliteracy were predicted for
grammaticality and structure scores in the SRT, and for narrative measures at the level of
microstructure after controlling for age, non-verbal 1Q, balanced input at home and vocabulary
skills. For overall accuracy on the SRT, it was conjectured that biliteracy might show a
significant contribution due to the fact that correct sentence recall depends on working memory
skills which might be positively affected by biliteracy. The following sections discuss the
results for sentence repetition, narrative comprehension and narrative microstructure skills in

turn.

Sentence repetition

The results for the English SRT scores showed no significant contribution of biliteracy after
controlling for age, non-verbal 1Q, English vocabulary and balanced input at home. As
expected, a considerable amount of the total variation was explained by children’s vocabulary
scores (18-28%). Although the correlational analyses showed additional associations between
non-verbal 1Q and SRT scores, non-verbal 1Q did not come out as a significant predictor once
vocabulary was included in the models. This suggests that the relationship between English
SRT scores and non-verbal 1Q was mediated by vocabulary scores. For Greek, the amount of
individual variation in SRT scores explained by vocabulary was nearly twice as much compared
to English (40-54%). The larger contribution of vocabulary to SRT scores in Greek compared
to English might be due to the fact that Greek was overall the children’s weaker language and/or
due to the larger individual variation in Greek. Importantly, the final regression models showed
significant positive contributions of biliteracy to Greek SRT. More specifically, both
performance-based indices accounted for a small, but significant amount of variance in SRT
accuracy scores in Greek, which is in line with the moderate associations observed in the
correlation analyses. The amount of explained variance in the final models was slightly larger
for BIR2 (5%) than for BIR1 (4.5%), suggesting that overall level of decoding skills across the
two languages was a slightly better predictor than balanced performance across English and

Greek. The fact that both BIR1 and BIR2 came out as significant predictors is consistent with
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the highly significant correlation between the two scores obtained in the correlational analysis.
The strong association between the BIR1 and BIR2 reflects the fact that the bilingual children
performed at a high level in both English and Greek, with only small differences across
languages. Hence, for the performance-based indices, it is difficult to compare the effects of
balanced reading skills and actual level of reading skills across the two languages, since balance
and actual level of proficiency were highly conflated for the measure of word reading ability.
Note that the performance-based indices contributed to SRT accuracy, but not to grammaticality
and structure scores, despite the significant associations obtained in the correlational analyses.
This indicates that SRT accuracy scores tap a somewhat different (possibly wider) skill set than
grammaticality and structure scores. Moreover, the results for the performance-based scores are
consistent with the hypothesis that biliteracy contributes to oral language abilities via executive
function skills, since both decoding skills and accuracy on sentence repetition tasks have been
associated with working memory (Marinis & Armon-Lotem, 2015; Nevo & Breznitz, 2013;
Riches, 2012). However, if working memory or other aspects of EF were indeed driving the
biliteracy effect, it is unclear why biliteracy did not contribute to SRT scores in English. One
possible explanation is that there was not enough variation in English SRT scores to detect any
contribution of biliteracy. The mean scores for English ranged between 89-96% with standard
deviations between 6-8%, while in Greek mean scores were between 62-82% with large SDs of
17-27%. Alternatively, it is possible that sentence repetition in the children’s weaker language
is more taxing on working memory than sentence repetition in the stronger language. Future
studies with bilingual children who show more variation in terms of language skills in the
majority language might prove fruitful.

Regarding the experience-based indices, BIS2 emerged as a significant predictor for all
three SRT measures in Greek, explaining 4—7% of the total variance. Note that the correlational
analyses did not indicate any significant associations between BIS2 and Greek SRT scores,
suggesting that the relationship was obscured by one of the control variables, most likely age®’.
Recall that the expectation was for children with higher levels of biliteracy (i.e., higher BIS2
scores) to show better performance than children with lower levels of biliteracy. However, the
regression coefficients for BIS2 were negative indicating that the effect went in the opposite
direction. It is unclear why children with overall less instruction across the two languages would
score higher on sentence repetition in Greek. The most likely explanation is that BIS2 scores are
confounded by some factor related to exposure to English and Greek. Thus, the schooling-based
indices calculated in this study might not be an accurate measure of children’s levels of
biliteracy. This highlights the need to perform elaborative statistical procedures in order to

validate the proposed measures of bilingualism and biliteracy.

*"In line with this, the partial correlations between BIS2 and SRT scores with age kept constant yielded
significant negative associations (rs between -.421 and -.494, all ps<.004).
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Narrative comprehension

Turning to possible effects of biliteracy on narrative comprehension, the results showed that
none of the four indices was able to account for a significant amount of additional variance in
listening comprehension sores in either language after controlling for age, non-verbal 1Q,
bilingualism at home and vocabulary. For English, the correlational analyses showed no
significant associations between the three comprehension scores and the predictor variables.
Accordingly, none of the control variables made a significant contribution in the baseline
regression models, and the total amount of variance explained by the models was very low
(between 3-6%). For Greek, on the other hand, vocabulary came out as a significant predictor in
the baseline models for total comprehension scores, accounting for 12% of the total variance.
Separate analyses for the two types of questions showed that vocabulary explained 19% of
individual variance in scores for mental state questions, while its contribution to factual
guestions was not significant. The results from the regressions were only partly in line with the
correlation analyses. For mental questions, the contributions of age and vocabulary were
consistent with the marginally significant associations from the correlational analyses while for
total comprehension scores, the contribution of vocabulary in the baseline model was not
predicted on the basis of the correlational evidence. Moreover, the significant association
between BIS2 and mental questions was not borne out in the final regression model as the
contribution of BIS2 was only marginally significant. However, note that both age and BIS2
made negative contributions to scores on mental state questions suggesting that younger
children and children with overall less formal instruction did better on these question types than
older children and children with more schooling. It is possible that the negative contribution of
age is due to task effects in that the contents of the story were more appropriate for younger
children who were consequently more attentive to the model story and also more invested in the
task overall. Similar arguments could be made for BIS2 in that children with more schooling
experience were for some reason less invested in the task. The effect was not present in English
which might be due to English being the children’s dominant language given its status as
majority language. Another caveat is that the content of the stories and the comprehension
questions themselves might have been too easy for the children of the age range tested. The
average score was 92% for English and 87% for Greek and both measures showed little
variation across the bilingual sample (English: SD=6 and Greek: SD=10) pointing to possible

ceiling effects.

Narrative microstructure

The results for the narrative microstructure measures did not yield any significant contributions
of biliteracy either. This is consistent with previous studies showing no relationship between
literacy and narrative abilities at the microstructure level (e.g., Andreou, 2015; Bitetti &

Hammer Scheffner, 2016). For English, the pattern of predictors in the baseline models was
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largely in line with the correlational analyses. Age was a significant predictor for length and
syntactic complexity, while vocabulary made a significant independent contribution to
grammaticality scores accounting for 22.6% of the total variance. However, the significant
negative association between age and verb diversity obtained in the correlational analyses was
not borne out in the regressions, as the contribution of age missed significance in the final
model. Note that although the contribution of age was not significant in the model for the verb
diversity measure, the negative coefficient as well as the negative correlation between age and
verb diversity is puzzling. The strong negative correlation between narrative length and the verb
diversity measure together with the positive association between age and story length indicated
that the relationship between age and verb diversity was confounded by length. This was
confirmed by follow-up analyses since the relationship between age and verb diversity
disappeared when story length was controlled for. Thus, the verb diversity measure as
calculated in the present study may be problematic for samples with relatively large differences
in the overall length of the narratives as previously pointed out (e.g., Treffers-Daller &
Korybski, 2016). The correlational analyses further indicated significant associations between
some of the biliteracy indices and the measures of story length and syntactic complexity.
However, none of these associations turned out significant in the final regression models.

For Greek, the results showed that both age and vocabulary correlated with all of the
narrative microstructure measures yielding moderate to strong effect sizes, with the exception of
age and verb diversity which did not correlate. The correlations with vocabulary were all borne
out in the regression models where lexical skills accounted for a sizable amount of unique
variance (9-37%). In contrast, age turned out as a significant predictor only for the syntactic
complexity measures, while for the measures of story length and grammaticality, the
contribution of age did not reach significance when vocabulary was included in the model. For
the grammaticality measure, bilingualism at home also emerged as a significant predictor in the
baseline model. Children with relatively balanced input at home produced fewer grammatical
errors in their narratives than children with unbalanced input. Recall that bilingualism at home
was calculated as the difference in the relative amount of exposure to English and Greek in the
home environment, so that low scores reflect balanced exposure to the two languages. Thus,
balanced input at home ensures that the children receive a substantial amount of input in Greek
which explains the contribution of bilingualism at home to grammaticality of the narratives in
Greek. Greek is the minority language which means that exposure to Greek is largely confined
to the home, at least for the children attending English primary schools (n=37). For English, on
the other hand, exposure at home is less relevant because of its status as the majority language
which would explain why bilingualism at home did not predict grammaticality of narratives in
English. Like with the English measures, the correlations pointed to a number of significant
associations between the Greek outcome variables and the various biliteracy indices, especially

the two based on word reading skills (i.e., BIR1 and BIR2). Despite these associations, none of
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the four biliteracy indices was able to account for a significant amount of variance in narrative
microstructure measures after controlling for age, non-verbal 1Q, bilingualism at home and
vocabulary.

The relatively large contribution of age to story length and syntactic complexity in English
suggests that for the majority language, bilingual children’s performance on measures of
narrative microstructure is highly contingent on cognitive maturity. In contrast, for the minority
language Greek, language proficiency (as indexed by vocabulary scores) is by far the best
predictor of narrative abilities at the level of microstructure. The present results for Greek are in
line with findings from Andreou (2015) where language proficiency together with a measure of
early literacy preparedness predicted bilingual children’s performance on narrative
microstructure in Greek. However, the analysis in Andreou (2015) included both children for
whom Greek was the minority language and children for whom Greek was the majority
language. Thus, future studies are needed to confirm that the contribution of vocabulary to

narrative microstructure skills varies indeed as a function of language status.

Summary

The present study provides some first indication of a positive impact of biliteracy on oral
language skills in the bilingual children’s minority language. Biliteracy, as measured by
children’s performances on a word reading task in the two languages, accounted for a small
amount of additional variance in SRT accuracy in Greek. In contrast, no effects of biliteracy
were observed for story comprehension and narrative abilities at the level of microstructure.
Thus, the results are consistent with the hypothesis that biliteracy positively impacts oral
language skills via executive function skills. Given that the majority of the children attended
English mainstream primary schools, the findings imply that literacy instruction in the minority
language has a positive effect on children’s processing abilities of oral language input. One of
the limitations of the study was that some of the measures, especially for English, might have
produced ceiling effects. Thus, for the comprehension questions, it is possible that a more
difficult task with more age-appropriate stimuli would result in more variation in children's
scores, and thus, potentially yield different findings. In any case, the fact that there was no
correlation between questions about factual information and questions probing mental states of
characters in either language suggest that it is important to distinguish between different
question types. Moreover, the present study did not look at possible effects of biliteracy on
narrative skills at the level of macrostructure. In contrast to microstructure skills, macrostructure
abilities are assumed to be largely language-invariant allowing children to transfer these skills
across languages (lluz-Cohen & Walters, 2012). Hence, macrostructure skills are less dependent
on language proficiency than microstructure skills and might therefore be more prone to be
affected by levels of biliteracy. Although the present results point to the potential of measures of

biliteracy to predict oral language skills, the findings need to be confirmed in future studies.
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More specifically, performance-based indices should be based on more comprehensive
measures of reading skills, such as reading comprehension. This would ensure that there is
enough individual variation in performance to tease apart the two aspects of biliteracy, namely
balance and level of proficiency across the two languages. Another caveat is that biliteracy as
indexed by amount of schooling in the two languages is a fairly crude measure of literacy input.
Moreover, the interpretation of the significant negative effect of BIS2 remains somewnhat
difficult due to possible confounds with other aspects of bilingual language input. Thus, it might
be useful to develop more comprehensive measures of amount of formal instruction that take
into account differences across countries and schools, as well as literacy practices in the home
context.

In the present study, the prominent role of vocabulary for oral language skills in the
minority language was evident in the results for the sentence repetition task, narrative
microstructure skills, as well as story comprehension (especially for questions about mental
states of characters). Vocabulary also made strong contributions to SRT scores in the majority
language English, while it did not predict story comprehension or microstructure skills other
than grammaticality of the produced narratives. The fact that in both languages, vocabulary
made larger contributions to SRT performance than to narrative microstructure skills might be
explained by differences in task demands. In the SRT, children need to repeat a set of pre-
determined vocabulary items, while in the narratives, children have more choice of which words
they want to use, although they do hear a model story to help them activate the relevant lexical
items in their mental lexicons. As such, narrative production is less dependent on lexical skills
than is performance on sentence repetition tasks, which should be taken into consideration when

using these measures for language assessments.
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CHAPTER 6 - BILITERACY & EXECUTIVE FUNCTION SKILLS

6.1 Research hypotheses & predictions

The aim of this chapter is to investigate the relationship between biliteracy on the one hand, and
performance on executive function tasks on the other. Early research on the interactions
between bilingualism and executive function abilities have consistently found better
performance of bilinguals on certain EF tasks compared to their monolingual peers (see
Adesope et al., 2010, for review). However, more recent studies have produced increasingly
mixed results, with many failing to find a bilingual advantage in executive function skills (e.g.,
Gathercole et al., 2014; Morton & Harper, 2007; Paap & Greenberg, 2013) . One of the reasons
for the inconsistent findings has to do with the fact that bilingualism is often treated as a
categorical variable rather than a continuous one. Thus, it is likely that the conflicting results in
the literature are at least partly due to poorly controlled designs that did not sufficiently take
into account individual differences within the bilingual samples. Bilingual speakers differ
immensely from each other in terms of level of proficiency and frequency of use of the two
languages and these factors have to be taken into consideration in studies on bilingualism (Luk
& Bialystok, 2013). This has been recognized early on by Cummins (1976, 1979) who proposed
that bilinguals need to reach a certain threshold level of linguistic competence in both languages
before bilingualism can have positive effects on cognitive development (threshold hypothesis).
Taking vocabulary as the prime example, the rationale is that bilinguals with a large vocabulary
in both languages also have a larger overlap of the two vocabularies (i.e., many concepts for
which labels are available in both languages). A large shared vocabulary across the two
languages results in high levels of co-activation in the brain. The high level of co-activation in
bilinguals leads to increased lexical competition which, in turn, requires cognitive control (see
Crivello et al., 2016, for similar arguments). Consequently, cognitive control has been argued to
lie at the root of the bilingual advantage observed in tasks that require inhibition of conflicting
information and switching between mental sets (Bialystok, Craik & Luk, 2012) . However,
Gathercole et al. (2014) pointed out that the way in which language input is distributed across
different contexts may affect the amount of shared vocabulary and therefore, levels of co-
activation in bilinguals. Children who speak both languages in a given context (e.g., home or
school) are likely to have more overlapping vocabulary than children who use their languages in
different contexts. Moreover, it is hypothesized that developing literacy in addition to oral
proficiency results in stronger representations of language material in the brain. More
specifically, it is argued that learning how to read leads to an additional level of representation
of lexical entries, namely the orthographic level. Lexical entries that include orthographic
information in addition to semantic and phonological information are assumed to be

‘qualitatively better’ than those that contain only semantic and phonological information
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(Lexical Quality Hypothesis, see Perfetti & Hart, 2002). Moreover, the quality of the
representation determines how much activation a lexical entry receives and how fast it is
accessed. High guality representations receive a lot of activation which means that they are also
more likely to cause interference or competition during bilingual processing. Thus, it is argued
that bilinguals who are also biliterate employ more cognitive control because they experience
higher levels of co-activation of the two languages in the brain than bilinguals who are literate
in one language only. In line with this suggestion, Bialystok and Barac (2012) found that
bilingual children’s executive control performance was positively influenced by increased
experience in a bilingual education environment (i.e., time spent in an immersion program).
These findings suggest that biliteracy might be one of the key factors driving the bilingual
advantage in executive function skills. The present study seeks to test this hypothesis by
examining the possible contributions of experience-based and performance-based indices of
biliteracy to measures of different executive function skills. To the extent that the biliteracy
indices reflect amount of shared or overlapping linguistic knowledge between the two
languages, it is predicted that lower scores on the BIS1/BIR1 and higher scores on the
BIS2/BIR2 will be associated with overall, better performance on the EF measures. More

specifically, the research questions addressed in this chapter are:

i. Do measures of biliteracy explain additional variance in non-verbal EF measures
after controlling for age, non-verbal 1Q and bilingual input at home?

Evidence for a bilingual advantage has been reported for all of the three non-verbal EF
measures used in the current study. Inhibition is the component that has produced the most
evidence for a bilingual advantage (e.g., Bialystok, 1999; Carlson & Meltzoff, 2008; Poarch &
van Hell, 2012) which makes it the prime candidate for effects of biliteracy. Moreover,
Bialystok and Barac (2012) found that time spent in an immersion program made a significant
contribution to children’s performance on a flanker task which is one of the most frequently
used measures of inhibition. Given these findings, it is predicted that inhibitory control abilities
(as measured by the size of the congruency effect) will vary as a function of degree of
biliteracy. With regard to switching abilities, some studies have found a bilingual advantage
(e.g., Prior & MacWhinney, 2010; Wiseheart et al., 2016), but others have failed to find any
significant differences between bilinguals and monolinguals (e.g., Paap & Greenberg, 2013).
Also, studies have used different measures of switching abilities which might be partly
responsible for the discrepant findings (Hernandez et al., 2013). Bialystok and Barac (2012) is
the only study that has looked at the relationship between bilingual education and switching
abilities. The authors found only limited evidence for an effect of bilingual schooling on
switching abilities in that there was an effect on the global switching cost (i.e., mixing cost) in

one of two experiments, but only for the Grade 5 children. In contrast, the analysis showed no
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effect of time spent in the immersion program for the global switching cost in Grade 2 children,
and no relation between bilingual education and the local switching cost. In the present study,
biliteracy is expected to make a significant contribution to the size of the (global) switching
cost, although the contribution is likely to be smaller than that for the measure of inhibition.
Finally, several studies have found a bilingual advantage on tasks tapping non-verbal working
memory. For example, Blom et al. (2014) found better performance on a non-verbal WM task
(dot-matrix task) by bilinguals compared to monolinguals after controlling for vocabulary and
SES (see also Kerrigan, Thomas & Bright, 2016; Morales et al., 2013). Importantly, Andreou
(2015) found that biliterate bilinguals (i.e., children who received formal instruction in both
languages) outperformed monoliterate bilinguals on non-verbal working memory skills. Given
these findings, it is hypothesized that biliteracy will make a significant contribution to

children’s performance on the Mr. X task.

ii. Do measures of biliteracy explain additional variance in verbal EF measures after
controlling for age, non-verbal 1Q, bilingual input at home and vocabulary?

Research that have used executive function tasks with a verbal component tend to find a
bilingual advantage when differences in language proficiency are controlled for (e.g., Bialystok
et al., 2008; Blom et al., 2014; Luo et al., 2010). Blom et al. (2014) used the same digit
backwards task employed in the current study and found better performance on part of the
bilinguals compared to their monolingual peers after controlling for differences in SES and
vocabulary. Bialystok et al. (2008) compared verbal fluency of monolingual and bilingual
children with the bilingual children being divided into those with high and low English
proficiency. Results for the letter fluency task showed that the high proficiency bilinguals
outperformed their monolingual peers and the bilinguals with low English proficiency. Only
one known study has used the n-back task to compare performance of monolingual and
bilingual children, however results showed no group differences (Gangopadhyay, Davidson,
Weismer & Kaushanskaya, 2016). Moreover, a few studies have used versions of the n-back
task with bilingual adults and did not find any evidence that bilingualism affects task
performance (e.g., Soveri, Rodriguez-Fornells & Laine, 2011; Yow & Li, 2015). With regard to
the possible contribution of biliteracy, Marinis et al. (under review) found that bilingual
education was a significant predictor of children’s performance on a 2-back task. Similarly,
Andreou (2015) found superior performance by biliterate bilinguals on a measure of verbal WM
(digit backwards task) and updating (2-back task) compared to monoliterate bilinguals. Thus, it
is expected that the biliteracy indices will explain additional variance in 2-back performance
and in digit backwards scores in the current bilingual sample. In contrast, there are no studies

investigating the relationship between biliteracy and performance on the letter fluency task.
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Hence, no specific predictions are made as to whether biliteracy is associated with better

performance on letter fluency.

iii.  How do the results for the experience-based indices (BIS) and the performance-
based indices (BIR) compare?

Despite the considerable number of studies that have investigated biliteracy in bilingual
children, there is little consensus on how to best measure levels of biliteracy (Proctor &
Silverman, 2011). In Marinis et al. (under review), biliteracy was measured on the basis of the
number of hours of instruction received in each language, similar to the BIS indices in the
current study. Bialystok and Barac (2012) compared the contributions of a performance-based
measure of linguistic knowledge (i.e., vocabulary scores) and an experience-based measure of
bilingualism/biliteracy (time spent in an immersion program) on metalinguistic awareness and
executive function skills. The authors found that performance on the executive function tasks
was predicted by bilingual experience (i.e., time spent in the immersion program), whereas
metalinguistic awareness was predicted by performance on the vocabulary measure. Moreover,
the findings by Blom et al. (2014) suggest that performance-based measures of bilingualism
(i.e., vocabulary scores in the two languages) can be used to predict performance on executive
function tasks. Although none of these studies have included both experience- and performance-
based measures of biliteracy, the findings so far suggest that the two types of measures might
show differential relationships with the various EF measures. Thus, it is anticipated that the

effect of the various indices will vary across different tasks.

6.2 Data analyses

In a first step, simple bivariate correlations were carried out to locate significant associations
between the various biliteracy indices and children’s performance on the executive function
tasks, and to detect potential issues with multicollinearity among the predictor variables. Next,
fixed-order hierarchical multiple regressions were run for each executive function measure
separately to determine the contribution of biliteracy to children’s performances. A baseline
model containing a number of control variables was run first to isolate effects from biliteracy
from possible confounding variables. The baseline model was then compared against the full
model to test whether the biliteracy indices made a significant contribution to children’s
performance on the EF measures over and above that of the control variables. The baseline
model for the EF measures without a language component included age, non-verbal 1Q*® and
bilingual input at home. A measure of bilingual input at home was included in order to

disentangle bilingualism effects from biliteracy effects. The baseline models for the EF tasks

48 j e., standard scores from the Raven’s
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with a verbal component included expressive vocabulary as an additional predictor variable at
step 2 in order to control for differences in language proficiency. The assumptions for multiple
linear regression analyses were tested by identifying outliers with standardized residuals above
the 3.29 threshold, and by locating data points for which Cook’s Distance exceeded 1. The
Durbin-Watson test was used to ascertain the independence of errors, and homoscedasticity was
examined by inspecting the plots showing the relationship between the standardized predicted
values and the standardized residuals. Multicollinearity was assessed on the basis of VIF values.

6.3 Results: Correlations

The correlation coefficients (Pearson’s r) for the associations between the predictor variables
and the various EF measures are given in Table 58. Non-verbal 1Q was positively correlated
with updating®® , as well as with verbal WM in English and Greek (rs between .293 and .443, all
ps<.04). The two measures derived from the Global-Local task, namely inhibition and switching
showed a small correlation (r(50)=.355, p<.011). Moreover, switching showed a significant
negative association with letter fluency in Greek (r(50)=-.383, p=.006), indicating better
performance on letter fluency for children with smaller switching costs. The results further
showed significant associations between all EF measures with a verbal component (i.e.,
updating, verbal WM in English and Greek, LF in English and Greek; rs between .369 and .778,
all ps<.01), with the exception of updating and LF in Greek, which did not correlate. Turning to
the predictor variables, age correlated positively with visuospatial WM, verbal WM in Greek,
and LF in Greek, and showed a negative association with switching (rs between .347 and -.539,
all ps<.02). Non-verbal 1Q was positively correlated with all outcome measures (rs between
.338 and .489, all ps<.02), except for the measures of inhibition and switching, and letter
fluency in Greek. Bilingual input at home significantly correlated with updating (r(48)=.307,
p=.034). English vocabulary showed significant associations with visuospatial WM, updating
and letter fluency in English (rs between .411 and .489, all ps<.005), while Greek vocabulary
correlated with verbal WM in Greek (r(50)=.448, p=.001), and letter fluency in Greek (r(50)=
.600, p<.001). For the four biliteracy indices, BIS1 scores showed no significant associations
with any of the outcome variables, but exhibited marginally significant correlations with
visuospatial WM (r(50)=.255, p=.081), and verbal WM in Greek (r(50)=-.256, p=.079). The
relationship between BIS1 and verbal WM went in the expected direction with children with
more balanced schooling across the two languages performing better on the digit backwards
task in Greek. However, the association between BIS1 and visuospatial WM was positive,

indicating that children with unequal amounts of schooling in the two languages scored higher

* The results for updating are based on the composite scores from the 2-back task (rather than A’ scores)
since this scoring method has also been used in previous studies (e.g., Andreou, 2015; Marinis et al.,
under review).
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on the Mr. X task than children with more balanced amounts of schooling across English and
Greek. For BIS2 scores, there were significant correlations with visuospatial WM, switching,
verbal WM in Greek, and LF in Greek (rs between .310 and -.323, all ps<.04), as well as
marginally significant associations with verbal WM and LF in English (verbal WM: r(50)=.277,
p=.056; LF: r(50)=.240, p=.099). Both performance-based indices correlated with all verbal EF
measures (rs between -.373 and .603, all ps<.01), except for letter fluency in English. Moreover,
BIR2 showed a significant correlation with visuospatial WM (r(50)=.349, p=.013), while the
association between BIR1 and visuospatial WM was only marginally significant (r(50)=-.263,
p=.065). Overall, BIR2 scores showed stronger correlations with the outcome measures than
BIR1 scores. The results for the associations among the predictor variables were presented in
the previous chapter in section 5.3 (Table 41). Recall that the correlations among the predictor
variables showed little signs of multicollinearity, with the exception of the strong correlation
between age and BIS2 scores (r(48)=.697, p<.001), suggesting that the results for BIS2 need to

be validated with some additional statistical procedures.

Table 58. Correlations between executive function measures and the predictor variables.

1. 2. 3. 4, 5. 6. 7. 8.
1. Visuospatial --

WM

2. Inhibition .040 --

3. Switching -241" 355 -

4. Updating 44377 141 -194 -

5. Verbal WM 3887 -060 -.210 47077 -

English

6. Verbal WM .293° -103 -241" 369" 778" --

Greek

7. LF English 148 055  -254" 393" 453" 405" -

8. LF Greek -017  -128 -3837 191 4347 5727 4287 -
Age 347" -232  -5397 130 245" 3747 064 4207
Non-verbal 1Q 3717 104 054 4687 4897 4017 338" 036

*

Bilingualism at .047 103 -.023 .307 .036 .014 -.076 163
home

*% *kK Fk

English 411 006  -.122 489 .188 113 418" -.203
vocabulary

Greek -158  -197  -.224 014 225 448 -018 6007
vocabulary

BIS1 255" 174 -.079 107 069  -256" 211 -081
BIS2 310" -.049 -323° 179 277" 304" 240" 3147
BIR1 -263"  .036 151  -.488"" -433" -486" -154 -3737
BIR2 349" -048  -233 538" 536"  .6037  .206 439"

Note. WM = working memory; LF = letter fluency
"p<.10; " p<.05;  p<.01; " p<.001
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6.4 Results: Regressions

6.4.1 Non-verbal executive function measures

The baseline regression models for the three executive function measures without a verbal
component are given in Table 59. The model for visuospatial WM (i.e., Mr.X scores) fitted the
data well (F(3,44)=6.97, p=.001), accounting for 32.2% of the total variance, with non-verbal
IQ and age as significant predictors (B=.39, p=.004 and p=.45, p=.001, respectively) . However,
for the measure of inhibition, the baseline model was only marginally significant (F(3,44)=0.97,
p=.077), accounting for 14.3% of the total variance. Age was the only significant predictor in
the baseline model for inhibition (B=-.32, p=.031), with older children showing smaller
congruency effects (i.e., less interference on incongruent trials). The baseline model for
switching provided a good fit for the data (F(3,44)=6.46, p=.001), accounting for 30.6% of the
total variance. Age was again the only significant predictor in the model (B=-.57, p<.001). The
negative relationship means that as children grow older, the size of the switching cost decreases.
The contribution of biliteracy to visuospatial working memory (i.e., Mr. X scores), inhibition
and switching was tested by adding the various biliteracy indices in an additional step to the
baseline regression models. Table 60 shows the additional contribution of biliteracy to the three
EF measures over and above the contributions of the predictors from the baseline models for
each of the four indices separately. For visuospatial WM, the addition of BIS1 to the baseline
model resulted in a significant change in R? with BIS1 accounting for 12.2% of additional
variance (F(1,43)=9.40, p=.004). However, the beta coefficient for BIS1 was positive ($=.39,
p=.004), suggesting that children who had received instruction predominantly in one language
scored higher on the Mr.X task than children who had received similar amounts of instruction in
English and Greek. For inhibition, none of the four indices was able to account for additional
variance over and above the predictors from the baseline model. For switching, the addition of
BIS1 scores led to a marginally significant improvement of the baseline model (F(1,43)= 3.00,
p=.091), with BIS1 scores accounting for 4.5% of additional variance over and above the other
predictor variables. The beta coefficient associated with BIS1 was negative (p=-.23, p=.091),
indicating a tendency for children with unequal amounts of schooling in the two languages (i.e.,
higher BIS1 scores) to show smaller switching costs than children who had received similar

amounts of schooling in the two languages.
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Table 59. Baseline models for the three non-verbal EF measures.

Visuospatial WM Inhibition Switching
Variable B SEB B B SEB B B SEB B
Constant -20.12  8.03 270.15 201.55 3552.5 798.1
Age 014 005 0397 -2.61 117  -32° -20.39 464 -577
NV 1Q 0.18 0.05 045" 1.52 128 .17 -26 507 -01
BLathome -0.01 0.02 -0.02 0.83 061 .20 224 243 12
R? 322 143 306
F 6.97" 2.441 6.46""

Table 60. Contribution of the four biliteracy indices to the three non-verbal EF measures in the
final regression models.

Visuospatial WM Inhibition Switching
Index R® AR® F R® AR? F R®° AR’ F
BIS1 444 122 9.40" 148 .005 0.27 351 .045 3.00
BIS2 .329 .007 0.45 171 .028 1.46 309 .003 0.16
BIR1 323 .001 0.02 145 .002 0.09 306 <.000 <0.01
BIR2 323 .001 0.07 144 .001 0.07 306 <.000 0.01

6.4.2 Verbal executive functions measures

The baseline regression models for the verbal EF tasks included the same control variables as
the models for the non-verbal EF tasks except that vocabulary scores were entered as an
additional control variable at step 2. Different vocabulary scores were entered for the various
measures, depending on the language in which the task was administered. Thus, the baseline
model for updating (i.e., 2-back scores) included the vocabulary scores for the language in
which the task was presented, while for digit backwards and letter fluency, the vocabulary
scores for the respective language (English or Greek) were added to the baseline model. Tables
61 and 62 present the baseline models for the five verbal EF tasks. For updating, the baseline
model provided a good fit for the data (F(4,43)=7.40, p<.001), and accounted for 40.8% of the
total variance. Non-verbal IQ and bilingualism at home emerged as significant predictors
(B=.59, p<.001 and p=.33, p=.010, respectively), while vocabulary scores did not make an
independent contribution to updating over and above the other predictor variables in the
baseline model. For verbal WM in English, the baseline model was significant (F(4,43)=6.40,
p<.001), accounting for 34.6% of the total variance. Age and non-verbal 1Q were both
significant predictors (p=.35, p=.010 and p=.55, p=.001, respectively), with non-verbal 1Q being
the stronger predictor of the two. Vocabulary did not make an independent contribution to

verbal WM in English. For verbal WM in Greek, the baseline model provided a good fit for the

%0 Recall that the bilingual children could choose in which language they wanted to hear the instructions
for the 2-back task.
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data (F(4,43)=9.06, p<.001), accounting for 45.7% of the total variance. From the three
variables that came out as significant predictors, non-verbal 1Q was the strongest (B=.43,
p=.001), followed by age ($=.36, p=.016), and Greek vocabulary (p=.34, p=.005). Vocabulary
contributed independently 9.3% of the total variance in verbal WM in Greek. For letter fluency
in English, the baseline model was significant (F(4,43)=3.11, p=.025), accounting for 22.4% of
the total variance. English vocabulary scores came out as the only significant predictor (f=.32,
p=.050), with an individual contribution of 7% explained variance. The baseline model for letter
fluency in Greek fitted the data well (F(4,43)=7.34, p<.001) and accounted for 40.6% of the
total variance. Age and Greek vocabulary emerged as significant predictors (p=.27, p=.046 and
B=.49, p=.001, respectively), with vocabulary being the stronger predictor of the two. Moreover,
Greek vocabulary contributed 19.3% of the total variance over and above the other predictors

from the baseline model.

Table 61. Baseline models for updating and verbal WM in English and Greek.

Updating verbal WM English verbal WM Greek
Variable B SEB B B SEB B B SEB B
Constant -7.04  20.71 -11.67 6.62 -11.85 5.47
1. Age 12 12 .12 10 04 357 10 .03 .36
1.NVIQ .65 14 597 19 05 557 13 .04 437
1.BL athome .17 06 .33” -01 .02 -02 -02 .02 -13
2. Vocabulary  -.15 22 -.09 -06 .10 -.08 14 05 347
AR2 Model 2 .006 .005 .093
Fchange Model 2 0.42 0.30 7.347
R? 408 346 457
F 7.407 5707 9.06™"

Table 62. Baseline models for the letter fluency task in English and Greek.

LF English LF Greek
Variable B SEB B B SEB B
Constant -1.78  11.88 -7.46 9.27
1. Age .04 .07 .08 12 .06 27
1. Non-verbal 1Q 12 .09 21 .03 .06 .06
1. BL at home -.01 04 -04 -.01 .03 -.03
2. Vocabulary .38 19 32 33 .09 49
AR2 Model 2 .070 .193
Fchange Model 2 4.03 13.93™
R 224 406
F 311 7.347
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The contribution of biliteracy to the five measures of verbal executive function skills
was tested by adding the four biliteracy indices to the baseline regression models. Tables 63 and
64 show the additional contributions of the biliteracy indices to performance on the five verbal
EF measures. For updating, the results showed significant independent contributions of the two
performance-based indices (BIR1: F(1,42)=5.71, p=.021; BIR2: F(1,42)=6.46, p=.015), with
BIR1 and BIR2 scores accounting for 7.1% and 7.9% of the total variance, respectively. Neither
of the experience-based indices led to a significant improvement to the baseline model for
updating. The final models for verbal WM in English showed a significant contribution for
BIR2 (F(1,42)=6.51, p=.014), as well as a marginal improvement to the baseline model with the
inclusion of BIR1 (F(1,42)=3.04, p=.089). BIR2 accounted for an additional 10.2% of total
variance and BIR1 explained an additional 4.4% of the total variance. For verbal WM in Greek,
the results showed significant contributions of BIR1 and BIR2 over and above the predictors
from the baseline model (BIR1: F(1,42)=4.17, p=.047; BIR2: F(1,42)=11.60, p=.001). The
amount of additional variance explained was larger for BIR2 at 11.7%, while BIR1 contributed
4.9% to the total variance. In contrast, the experience-based indices did not explain additional
variance in verbal WM in Greek. For letter fluency scores in English, the addition of BIS1 led
to a significant improvement to the model (F(1,42)=4.18, p=.047), with BIS1 accounting for
7.0% of the total variance. However, the regression coefficient for BIS1 scores was positive
(B=.30, p=.047) which means that children who had received schooling in predominantly one
language scored higher on letter fluency in English than children with similar amounts of
schooling in the two languages. None of the other biliteracy indices made a significant
contribution to letter fluency scores in English over and above that of the control variables in
the baseline model. For letter fluency scores in Greek, the inclusion of the four biliteracy
indices did not lead to a significant improvement to the baseline model, although there was a
marginally significant effect for BIR2 (F(1,42)=3.04, p=.088) which explained 4% of additional

variance.

Table 63. Contribution of the various biliteracy indices in the final regression models for the 2-
back task and the digit backwards task in English and Greek.

Updating verbal WM English verbal WM Greek
Index R AR? F R AR? F R® AR’ F
BIS1 408 001 0.04 366 .020 1.30 465 .008 0.62
BIS2 409 002 0.12 365 .019 1.22 463 .006 0.47
BIR1 479 071 571 390 .044 3.03 506 .049 4.17
BIR2 487 079  6.46" 448 102 7737 575 117 11607
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Table 64. Contribution of the various biliteracy indices in the final regression models for letter
fluency in English and Greek.

LF English LF Greek
Index R AR? F R AR® F
BIS1 295 .070 418" 414 .008 0.61
BIS2 259 .035 1.98 412 .007 0.49
BIR1 226 .001 0.07 435 029 2.15
BIR2 235 011 0.58 446 .040 3.04

6.5 Discussion

This chapter aimed at examining the contribution of biliteracy to children’s performance on a
number of verbal and non-verbal executive function measures. Previous research investigating
the relationship between bilingualism and executive function skills has produced mixed results
(Adesope et al., 2010; Paap et al., 2015). The inconsistent findings across studies suggest that
the cognitive advantages frequently observed in bilinguals are not due to bilingualism per se,
but due to some particular aspect(s) of the dual language experience. One of the factors that
might be responsible for the bilingual advantage in executive control is bilingual schooling.
Support for this view comes from several studies that found positive effects of bilingual
schooling on executive function skills (e.g., Andreou, 2015; Barac & Bialystok, 2012; Marinis
et al., under review) The research questions were based on the premise that biliteracy is
associated with higher levels of (balanced) bilingualism leading to increased executive control
demands. Thus, it was anticipated that higher levels of biliteracy would be associated with
overall better performance on the executive function measures. Moreover, it was reasoned that
experience- and performance-based measures of biliteracy might show different patterns of
relationships with the various EF skills. The following sections discuss the results for the three

research questions addressed in this chapter.

Non-verbal EF measures

The results for the non-verbal measures of executive function skills did not point to any positive
effects of biliteracy on children’s performance. Age and non-verbal 1Q emerged as significant
predictors for visuospatial WM, while inhibition and switching yielded significant contributions
of age only. For the measure of visuospatial WM, BIS1 scores made a significant negative
contribution, accounting for 12.2% of the total variance over and above age, non-verbal 1Q, and
bilingualism at home. Note that the effect of BIS1 is consistent with the marginally significant
correlation with Mr. X scores obtained in the correlation analyses. Thus, children who had
received formal instruction in predominantly one language performed better on the Mr. X task
than children who had received roughly equal amounts of formal schooling across the two
languages. In contrast, the positive associations with BIS2 and BIR2 scores observed in the
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correlational analyses were not borne out in the regressions, since the two indices did not make
a significant contribution to visuospatial WM skills. The present results are at odds with
findings by Andreou (2015) where biliterate bilingual children outperformed monoliterate
bilingual children on visuospatial WM. In the study by Andreou (2015), biliteracy was treated
as a binary variable and the vast majority of the biliterate children (approx. 85%) attended
bilingual immersion programs in different countries. In contrast, only about one third of the
bilinguals in the current sample had received bilingual schooling in the context of an immersion
program, with the remaining children having acquired Greek literacy mainly through Greek
Saturday schools in the UK. Thus, the conflicting findings might be due to differences in
sample characteristics. Alternatively, it is possible that the BIS1 scores were confounded by
some other variable. For example, the distribution of BIS1 scores indicated that most of the
children with higher scores on that index (>75) had received more instruction in English than in
Greek. This points to the possibility that differences in the educational practices across countries
might be responsible for the observed effects, which is in line with the suggestion that all
speakers have alternative non-linguistic ways to improve executive function skills (Valian,
2015). Hence, the experience-based measures of biliteracy based on amount of schooling in the
two languages might not be an accurate reflection of children’s levels of biliteracy in the current
sample.

The two measures of inhibition and switching did not provide any evidence for positive
effects of biliteracy either. In fact, higher BIS1 scores were associated with smaller switching
costs, although the effect was only marginally significant. Similar to the results for visuospatial
WM, this suggests that children towards the monoliterate end of the spectrum tended to
outperform children with higher levels of biliteracy as measured by relative amount of
schooling received in the two languages. It is likely that the marginally significant effect of
BIS1 scores is due to the index being confounded by some other variable, as argued above. Note
that the correlational analyses did not indicate any associations between BIS1scores and the size
of the switching cost. Instead, the correlations suggested that children with higher BIS2 scores
exhibited smaller switching costs, but the relationship was not borne out in the regression
models. The results for the switching measure are largely consistent with Bialystok and Barac
(2012) who also failed to find a positive link between performance on a switching task and time
spent in an immersion education program. However, the results for the inhibition measure are in
contrast to Bialystok and Barac’s (2012) finding that time spent in an immersion program
reliably predicted performance on a Flanker task, which is one of the most commonly used
measures of inhibition. A possible reason for the discrepant results of the current study might be
the design of the Global-Local task from which the measures of inhibition and switching were
derived. It has long been noted that one of the major challenges for the study of executive
function skills is task impurity, which means that measures that are designed to tap into EF

processes inadvertently implicate other non-EF processes (e.g., perceptual processing). Most of
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the studies that have used the Global-Local task with children have used simpler versions with
only two types of stimulus shapes (e.g., Bialystok, 2010). In contrast, the version used in this
study featured four different stimulus shapes which clearly increased the task demands.
Moreover, the mapping of the four shapes to the respective response keys required some
additional mental processes. Recall that the response keys were marked with the numbers 1 to 4
and children were instructed to press the number that shows how many lines are needed to draw
the target shape. Thus, in addition to focusing on the correct level (global vs. local) and
inhibiting the visual information from the non-target level, children had to remember the four
mappings between the stimuli and the response keys. Hence, it is likely that the increased task
demands in the current version of the task led to the large variation in reaction times which
might have obscured the effects of biliteracy on children’s performance. As such, it is possible
that the Global-Local task used in this study is not suitable to detect biliteracy effects in
children. Further research is needed to determine whether the effect of time spent in an
education immersion program on inhibition skills found in Bialystok and Barac’s (2012) study
can be generalized to different populations of biliterate bilinguals or whether the effect is due to

the specifics of the type of schooling.

Verbal EF measures

For the EF measures with a verbal component, the analyses yielded positive effects of
biliteracy, after controlling for the contributions of age, non-verbal 1Q, bilingual input at home,
and vocabulary. More specifically, both performance-based indices accounted for a significant
amount of variance in updating and verbal WM in English and Greek, although for English
WM, the effect of BIR1 was only marginally significant. The amount of explained variance by
the performance-based indices of biliteracy ranged between 7-12%. For all three measures, the
effect was larger for BIR2 than for BIR1 suggesting that actual level of biliteracy across the two
languages is a better predictor than a purely relative measure of balanced biliteracy. The
moderate correlations between updating and verbal WM in English and Greek are consistent
with the view that updating and working memory are highly related skills (Miyake et al., 2000).
In contrast, the significant association between BIS2 scores and verbal WM in Greek was not
borne out in the regressions, which is likely due to the strong correlation between BIS2 scores
and age. The significant contribution of BIR scores to performance on the digit backwards and
the 2-back task reflects the link that exists between verbal working memory skills on the one
hand, and word reading abilities, on the other (Christopher et al., 2012). Although longitudinal
data is needed to determine the direction of causality of the relationship, it is likely that the
effects are reciprocal, in that biliteracy enhances verbal WM, while at the same time verbal WM
supports literacy development. The fact that a measure of bilingual input at home was used as a
control variable in the analyses suggests that the effects observed for BIR scores were not due to

confounds with patterns of language exposure at home. Note that the results for BIR2 might
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reflect either benefits of biliteracy or positive effects of just overall higher levels of literacy.
However, the fact that the purely relative measure of biliteracy (BIR1) also made significant
contributions to verbal EF measures (albeit smaller than those of BIR2) indicates that it is not
just overall higher levels of literacy that drive the effect. The results for updating corroborate
Marinis et al.’s (under review) finding that balanced bilingual education is associated with
superior performance on the 2-back task. In Marinis et al. (under review), biliteracy was
measured as the proportion of formal instruction received in the two languages, similar to the
BIS indices calculated in the present study. However, in the current study, effects of biliteracy
were found for the indices based on performance on word reading tests in the two languages,
but not for the experience-based indices based on schooling. On the one hand, the current
findings suggest that biliteracy as indexed by performance on word reading tasks in the two
languages are valid measures of biliteracy that are able to predict a significant amount of
variance in 2-back scores, thereby extending Marinis et al.’s (under review) findings to
performance-based measures of biliteracy. On the other hand, the fact that the schooling-based
indices did not produce any significant biliteracy effects indicates that the BIS scores did not
provide an accurate measure of levels of biliteracy in the current sample. It is possible that the
skewed distributions for amount of schooling in the two languages introduced some confounds
in the calculation of the indices. In contrast to the present study, Marinis et al. (under review)
did not find significant effects of balanced bilingual schooling on digit backwards scores. This
suggests that performance-based indices of biliteracy might be better predictors of EF skills
than experience-based measures. Future studies are needed to confirm this hypothesis.

The results further showed a marginally significant contribution of BIR2 scores to letter
fluency in Greek. Like the 2-back task, letter fluency requires both updating and monitoring
skills. Children need to monitor their answers, update their working memory in order to avoid
repetitions, and keep multiple rules in memory (e.g., no proper names, restrictions on
morphologically related words, etc.). Thus, the 2-back and the letter fluency task tap into similar
underlying skills, which is consistent with the significant associations obtained in the
correlation analyses. In contrast, BIR2 showed no association with performance on letter
fluency in English. Instead, the results for letter fluency in English revealed a significant effect
of BIS1 scores, with an individual contribution of 10.7% of explained variance. However, the
effect of biliteracy went in the opposite direction, in that children who had received formal
schooling in predominantly one language scored higher than children who had received roughly
equal amounts of formal instruction across the two languages. Thus, the results for letter fluency
in English further point to the possibility that the BIS1 scores were confounded by some other
variable related to exposure patterns in the two languages. Note that the correlation analyses did
not show a significant association between BIS1 scores and letter fluency in Greek suggesting
that the relationship was obscured by one of the other predictor variables. Moreover, the

significant positive associations between BIS2 scores and letter fluency in English and Greek
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observed in the correlation analyses were not borne out in the final regression models, which is
likely due to the strong correlation between age and BIS2 scores®.

From the set of control variables included in the baseline models, non-verbal 1Q
emerged as the strongest predictor for updating and verbal WM in English and Greek. In
contrast, vocabulary was the best predictor for performance on the letter fluency task in both
languages, although the amount of individual variance accounted for by vocabulary was
considerably larger in Greek than in English (7% vs. 19.3%). This reflects the fact that the 2-
back and digit backwards task primarily tap into executive function skills which are highly
contingent on general intelligence, whereas letter fluency is a hybrid task implicating both
executive functions and verbal skills (i.e., vocabulary). Vocabulary also made a significant
contribution to verbal WM in Greek, suggesting that limited oral language proficiency might be
a confounding factor when assessing bilingual children’s verbal WM skills in the minority

language.

Experience- vs. performance-based measures

The findings from the present study are in line with previous research showing different patterns
of associations with outcome measures for experience- and performance-based measures of
bilingualism and biliteracy (e.g., Bedore et al., 2012; Bialystok & Barac, 2012). In the current
study, the performance-based indices accounted for a significant amount of variance in updating
and verbal WM, but not in letter fluency or non-verbal measures of EF. Recall that the
performance-based measures used children’s scores on word reading tests in English and Greek
to index biliteracy. Thus, the effect of the performance-based indices is likely due to the fact
that word reading implicates working memory, among other skills (Christopher et al., 2012).
Decoding is a fairly one-dimensional measure of literacy skills, so it is possible that indices of
biliteracy based on performance on a more global measure, such as reading comprehension,
would yield different findings. This is because word reading skills are a prerequisite for reading
comprehension and thus, acquired early on during literacy development. Moreover, decoding
skills in a transparent language like Greek can be mastered with relative ease (Seymour et al.,
2003), and decoding skills have been shown to be subject to crosslinguistic transfer in bilinguals
(Melby-Lervag & Lervag, 2011). Thus, the performance-based indices used in the current study
might not be an accurate reflection of the children’s more global literacy skills. Nevertheless,
the results show that verbal WM skills can be predicted by basic biliteracy skills (basic literacy
skills in two languages). This parallels findings by Blom et al. (2014) who found that bilingual

proficiency predicted performance on the digit backwards task. Note that bilingual proficiency

>! Recall that there was some concern about multicollinearity in the analyses including BIS2 scores due to
the high correlation with age. However, the values for the VIF statistic were below 3 in all the analyses
suggesting that multicollinearity was not an issue.
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was calculated on the basis of receptive vocabulary scores, which is also a fairly one-
dimensional measure of oral skills.

As such, it could be argued that indices based on amount of formal schooling in the two
languages provide more accurate measures of levels of biliteracy, since they capture a wide
range of reading and writing practices. However, in the current study, the schooling-based
indices yielded significant negative effects of biliteracy for some of the outcome measures
(visuospatial WM and letter fluency in English). The results are difficult to interpret and do not
fit well with findings by Marinis et al. (under review) and Barac and Bialystok (2012). Thus, it
is likely that the experience-based indices used in the current study were confounded by some
other variables. Recall that the BIS scores were calculated in terms of total amount of schooling,
and did not take into account whether the children received formal instruction in the two
languages concurrently or successively. This is relevant since recent studies with bimodal
interpreters suggest that experience in managing bilingual demands might be the key factor that
leads to a bilingual advantage in executive functions (Machamara & Conway, 2014). Thus,
bilinguals who use their two languages in different contexts (e.g., language A at home and
language B in school) experience less interlanguage conflict than bilinguals who speak both
languages in the same contexts. Although the bilingual children in the current study were all

biliterate, only few children attended a bilingual day school

, While for the majority the English
day school and the Greek Saturday school constituted different instructional contexts. Hence, it
can be argued that for the majority of the children, bilingual management demands in the school
context were too low to have an effect on their executive function abilities. However, this raises
the question why bilingual input at home did not contribute to any of the EF measures. Recall
that bilingual input at home was gauged in terms of the difference in the frequency of use of the
two languages at home. Thus, a low score on the bilingual input measure suggests that the two
languages are used to roughly the same amount which means that bilingual management
demands are high, while high scores indicate the use of predominantly one language such that
bilingual management demands are low. Although the input measure used in the current
analyses reflects bilingual management demands at home, it did not correlate with any of the EF
tasks. It is possible that the measure of bilingual input calculated here was not sensitive enough
to accurately reflect bilingual management demands, in that it did not take into account
language input in the past. Previous patterns of language use in the home might be crucial as
shown by Luk, De Sa and Bialystok (2011) who found evidence for age of onset effects in that
early bilinguals showed less interference in a Flanker task, while the late bilinguals did not
differ from their monolingual peers. The authors came to the conclusion that that cognitive

control is positively affected by the bilingual experience in that longer time spans of active

52 The Greek school in London used follow a fully bilingual program, however, at the time of recruitment
the children were following the Greek curriculum with an additional five hours of English lessons per
week.
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bilingualism lead to greater advantages in executive functions. This further corroborates
Bialystok and Barac’s (2012) findings in that both studies show that the duration of the
bilingual experience is a decisive factor with regard to the cognitive benefits of bilingualism. In
the current study, the biliteracy indices that were derived from amount of schooling did not take
into consideration whether children received formal instruction in the two languages
concurrently or successively. Future studies are needed to determine whether factors such as age
of onset of biliteracy and ‘type’ of biliteracy (i.e. simultaneous biliteracy vs. successive

biliteracy) affect children’s performance on EF measures.

Summary

The present results showed that performance-based measures of literacy are able to account for
a significant amount of variance in updating and verbal WM skills, over and above the
contributions of age, non-verbal 1Q, bilingualism at home, and vocabulary. The findings are
consistent with the view that biliteracy contributes to the cognitive advantage found in
bilinguals, particularly skills that implicate (verbal) working memory. Bilingual input at home
was included in the baseline model to ensure that any contributions of the biliteracy indices
were not confounded by balanced proficiency or balanced oral language input. The measure of
bilingual input at home did not correlate with any of the EF tasks, which is in line with Blom et
al. (2014) who also failed to find a link between mothers’ language use at home (one language
vs. both languages) and children’s performance on a range of working memory measures. The
findings for the experience-based measures did not point to any positive contributions of
biliteracy to either verbal or non-verbal measures of executive function skills. This is contrast to
previous studies who found significant effects of amount of bilingual schooling on executive
function skills. Thus, performance- and experience-based measures showed different patterns of
relationships with executive function skills, although it is possible that the schooling-based

indices were contaminated by some other exposure-related variable in the current sample.
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CHAPTER 7 - GENERAL DISCUSSION

7.1 Summary of main findings

The present thesis investigated bilingual children’s oral language and literacy skills in both of
their languages, as well as their executive function abilities. The bilingual children’s linguistic
and cognitive profiles were examined through comparisons with monolingual control groups in
each language. Moreover, the interrelationships between oral language, executive function and
(bi)literacy were explored by conducting a series of regression analyses. Biliteracy was
computed in two ways: based on amount of formal schooling in the two languages
(BIS=biliteracy index schooling) and based on children’s performance on a single word reading
task in English and Greek (BIR=biliteracy index reading). Moreover, two different formulae
were used, one reflecting balance (BIS1/BIR1) and one emphasising actual level of experience
or proficiency (BIS2/BIR2). The monolingual and bilingual children that were tested were
between 7 and 12 years old and came from middle and upper middle class families. The study
targeted primary school children because of the major developments in reading skills that occur
in this age range. The fact that all children came from middle to high socioeconomic
backgrounds ensured that the results are not confounded by differences in SES which has been
shown to play a crucial role in children’s linguistic and cognitive development (Golberg et al.,
2008; Hoff, 2006). The following sections summarize the main findings.

Language input: The bilingual sample was characterized by a high level of
heterogeneity in terms of their current and previous patterns of language exposure.
Consequently, the sample included children at both ends of the spectrum (extensive input in
Greek-little input in English vs. little input in Greek-extensive input in English) which stresses
the need to treat bilingualism as a continuous variable rather than a categorical one (Luk &
Bialystok, 2013). As a group, the children had received more input in Greek than in English
during early childhood, while current exposure at home showed roughly equal amounts of input
in the two languages. Similarly, children’s oral proficiency as rated by the parents did not differ
between Greek and English, although it was reported that children used English more frequently
than Greek throughout the day. Finally, amount of formal schooling, home literacy practices,
and children’s reading and writing skills (as rated by their parents) all indicated higher literacy
levels in English compared to Greek.

Oral language skills: The group comparisons for measures of oral language skills
showed significant differences in favour of the monolinguals on all measures in both languages,
with the exception of story comprehension in English where the bilinguals were found to
perform on a par with their English monolingual peers. In both languages, the group difference
for vocabulary was twice as large as for the other measures. Moreover, the group effect for the

various measures was nearly twice the size in the minority language Greek compared to
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English. However, in all comparisons, the significant group effect disappeared when vocabulary
scores were included as a covariate in the analyses. Thus, the bilinguals and monolinguals
exhibited similar global oral language skills, but performance in the bilinguals was depressed
due to their lower lexical skills.

Executive function skills: For non-verbal executive function skills, inhibition was the
only measure that yielded a significant group effect, but contrary to the predictions, the Greek
monolinguals outperformed the bilinguals, while the English monolinguals did not differ from
either group. For EF measures with a verbal component, the analyses without vocabulary as a
covariate showed a significant group effect only for letter fluency in Greek with the
monolingual obtaining higher scores than the bilinguals. When differences in vocabulary were
controlled for, the bilinguals were found to score significantly higher than the monolinguals on
the measure of verbal WM in both English and Greek. There was also a tendency for the
bilinguals to score higher than the monolinguals on the letter fluency task in English, while for
the minority language Greek, the group difference in favour of the monolinguals remained even
when vocabulary was included as a covariate.

Literacy skills: The bilinguals performed at the same level as their monolingual peers
on all English literacy measures, with the exception of reading comprehension, where the
bilinguals were found to score slightly lower than their monolingual peers. However, the
difference in reading comprehension scores disappeared once vocabulary was controlled for. In
addition, the analyses with vocabulary as a covariate indicated that there was a tendency for
bilinguals to perform better than the monolinguals on rapid naming of digits and on the
decoding measure in English. For the minority language Greek, the analyses without vocabulary
as a covariate yielded significant group effects in favour of the monolinguals for all measures,
except for the lexicality effect from the lexical decision task, which did not differ between the
two groups. Moreover, the subgroup of bilinguals who were able to complete the passage
comprehension subtest performed on a par with the Greek monolinguals, regardless of their
lower vocabulary.

Profile effects: For the majority language English, the largest gap between
monolinguals and bilinguals was observed for the measure of expressive vocabulary, followed
by sentence repetition scores, and reading comprehension, which showed the smallest
(significant) group difference for the English comparisons. For Greek, the measures with a
strong lexical component (i.e., vocabulary, LDT accuracy, LF) were associated with the largest
group effects. Slightly smaller group effects emerged for oral language and literacy skills (SRT
scores, comprehension questions, decoding, and reading comprehension composite scores),
while the bilinguals did not differ from their Greek monolingual peers on the more cognitive
measures (i.e., verbal WM and lexicality effect). The comparison between the bilingual
children’s performances in English and Greek showed a similar picture in that the largest

differences across languages were observed for measures that pose high demands on vocabulary
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skills. For oral language skills, there were large differences between English and Greek SRT
scores, while the effect of language status (minority vs. majority language) was much smaller
(and sometimes non-existent) for story comprehension, and narrative skills at the level of
microstructure. Moreover, the bilingual children exhibited only small differences between
decoding skills in English and Greek, while performance on the verbal WM task did not differ
across languages.

Decoding in English and Greek: Rapid naming made a significant independent
contribution to word reading in both monolingual groups. Vocabulary did not account for any
variance in the English monolinguals. In contrast, vocabulary emerged as a significant predictor
for Greek monolinguals, although RAN was the better predictor out of the two. For the
bilinguals, RAN shared most of its variance with the other variables and did not account for
unique variance in decoding skills in either language. However, the results for the bilinguals
showed significant independent contributions of verbal WM to word reading in both languages.
Verbal WM was also associated with word reading in the two monolingual groups, but its effect
was almost entirely shared with other variables. Moreover, the total contribution of verbal WM
was twice as large in the bilinguals compared to the monolinguals in both English and Greek.
Vocabulary also contributed to word reading in the bilinguals and emerged as a unique predictor
in English, but not Greek. Overall, there was a large amount of shared variance among the
predictor variables, especially for the bilinguals in the minority language Greek. Updating and
letter fluency made additional independent contributions to word reading in the English
monolinguals, while SRT scores emerged as significant predictors for the bilinguals in Greek.
The set of predictors accounted for over 70% of the total variance in word decoding for the
bilinguals in English, whereas the amount of total variance explained was considerably lower
for the bilinguals in Greek and for the two monolingual control groups at 42-43%.

Reading comprehension in English and Greek: Oral language skills and decoding
made significant independent contributions to reading comprehension in the bilinguals in both
languages, with oral language skills being the better unique predictor of the two. In contrast,
decoding skills showed no association with reading comprehension in the English
monolinguals. For the Greek monolinguals, oral language skills did not explain additional
variance over and above decoding skills. Moreover, the amount of variance explained by oral
language skills was about twice as large in the bilinguals compared to the monolinguals. The
results further showed significant additional contributions of RAN (English monolinguals),
switching (Greek monolinguals and bilinguals in English), as well as updating and visuospatial
WM (bilinguals in Greek). However, inhibition did not explain variance in reading
comprehension in any of the groups. The amount of total variance accounted for by the set of
predictors was 45% in the English monolinguals, while in the Greek monolinguals and the

bilinguals in English and Greek, it was over 70%.
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Biliteracy & oracy: Significant positive effects of biliteracy over and above the
contributions of the control variables were observed for Greek sentence repetition scores. More
specifically, both performance-based indices (i.e., BIR1 and BIR2) made significant
contributions to SRT accuracy scores in Greek. The amount of independent variance accounted
for by BIR1 and BIR2 was 4.6% and 5.1%, respectively. From the indices based on amount of
schooling, BIS2 came out as a significant predictor for all three SRT scores, with independent
contributions of 4-7%. However, the effect of BIS2 was negative in that children with high
scores on this index (i.e., overall more schooling across the two languages) showed lower
performance on the Greek SRT than children with lower BIS2 scores. No effect of biliteracy
was observed for any of the other measures. For SRT scores in both languages, vocabulary was
the best predictor, although the amount of explained variance was twice as large in Greek
compared to English. Vocabulary was also the strongest predictor for comprehension questions
about mental states of characters in Greek, while none of the control variables contributed to
story comprehension in English. For measures of narrative microstructure in English, age
emerged as the best predictor for story length and syntactic complexity, while vocabulary was
the strongest predictor for grammaticality. For Greek, performance on all four measures was
best predicted by vocabulary, and in the case of syntactic complexity, also age.

Biliteracy & executive functions: Positive effects of biliteracy were observed for
verbal executive function measures, but not for non-verbal EF measures. Both performance-
based indices of accounted for additional variance in updating and verbal WM in Greek, with
independent contributions of 5-12%. For verbal WM in English, BIR2 made a significant
independent contribution, while the effect for BIR1 was only marginally significant. The
amount of variance explained by BIR2 scores was higher than the amount accounted for by
BIR1 scores suggesting that actual levels of reading proficiency across the two languages is
more important than balanced proficiency. From the experience-based indices, BIS1 scores
were found to explain additional variance in visuospatial WM and letter fluency in English,
with individual contributions of 12% and 7%, respectively. However, for both measures the
effect of BIS1 was negative in that children who had received unequal amounts of instruction in
the two languages performed better than children who had been exposed to similar amounts of
formal instruction in both languages. For the non-verbal EF measures, performance was largely
predicted by age, and in the case of visuospatial WM, also non-verbal 1Q. Updating was best
predicted by non-verbal 1Q, and to a lesser degree bilingualism at home. The control variables
that best predicted verbal WM skills were age and non-verbal 1Q, and for verbal WM in Greek
also vocabulary. For letter fluency, vocabulary emerged as the strongest predictor in both

languages, with age being an additional predictor in Greek.
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7.2 Synthesis

The first aim of the present thesis was to identify bilingual children’s strengths and weaknesses
across a range of language, literacy and cognitive measures. This was done by comparing the
bilingual children’s performances to a monolingual control group in each language. The second
objective was to compare predictors of word reading and reading comprehension in
monolingual and bilingual children in English and Greek. Thirdly, possible effects of biliteracy
on oral language skills were investigated. Finally, the fourth aim was to examine the
relationship between biliteracy and executive function skills. The following sections synthesise

the results across the difference chapters and discuss the main findings of the present thesis.

Linguistic profiles in the minority and the majority language of bilinguals

The results from the group comparison were in line with previous studies showing large gaps
between the monolinguals and bilinguals in the domain of vocabulary, while differences on
measures of morphosyntactic and listening comprehension skills were considerably smaller
(e.g., Babayigit, 2014; Bowyer-Crane et al., 2017; Oller & Eilers, 2002). In fact, the bilinguals
performed on a par with their monolingual peers on English story comprehension. The results
from the regression analyses in chapter 5 are in line with the pattern from the group
comparisons in that vocabulary made larger contributions to SRT scores than to story
comprehension. Thus, sentence repetition taps into both morphosyntactic and lexical skills, even
when alternative scoring methods are used (i.e., grammaticality and structure scores). Moreover,
the fact that vocabulary did not make a significant contribution to story comprehension in
English supports the claim that lexical skills are the primary source of group differences on
more global measures of oral language skills. For English literacy measures, there was a small
group effect for reading comprehension with the monolinguals outperforming the bilinguals, but
no difference emerged for any of the other measures in English (see Babayigit, 2015, for similar
results). The bilinguals also did not differ from their monolingual peers on the measures of
verbal WM and letter fluency in English. Thus, decoding and phonological processing skills are
clearly areas of strength in bilinguals (August & Shanahan, 2006; Melby-Lervag & Lervag,
2014). This is further supported by the finding that when vocabulary was controlled for, the
bilinguals scored higher than the English monolinguals on verbal WM, and there was a
tendency for the bilinguals to perform better on RAN and decoding than the monolinguals. The
results for verbal WM in Greek parallel the findings for English, supporting the claim that
bilinguals show advantages in cognitive skills, more specifically verbal WM (see also Blom et
al., 2014; Morales et al., 2013). Moreover, the high correlation between the bilinguals’ digit
backwards scores in English and Greek indicates that verbal WM skills are language-invariant
and that the task is only weakly dependent on language proficiency. For the minority language
Greek, the monolinguals outperformed the bilinguals on all measures, with the exception of the

lexicality effect from the LDT, where the two groups did not differ. The lower performance on
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part of the bilinguals is to be expected given that as a group, they had received very little formal
instruction in Greek. As with the oral language measures, all group differences in favour of the
Greek monolinguals disappeared when vocabulary was included as a covariate in the analyses.
The fact the bilinguals did not differ from their monolingual peers in terms of size of the
lexicality effect indicates that bilingual children can develop age-appropriate orthographic
processing and word reading skills in the minority language despite their limited language
proficiency. The high correlation between the bilingual children’s performances on the
decoding measures in the two languages further supports the view that word reading skills are
transferable across languages (Melby-Lervag & Lervag, 2011). Note that Greek is typically
described as a language with high orthographic transparency which may be partly responsible
for the apparent ease with which the bilinguals seem to have acquired word reading skills in
Greek, even in the absence of sufficient oral language skills (see Bonifacci & Tobia, 2017, for
similar arguments). The role of orthographic transparency for reading development in the
minority language of bilinguals needs to be investigated in future studies. The finding that the
bilingual children performed on a par with their monolingual peers on letter fluency in English
despite the strong lexical component of the task suggests that the bilinguals are able to
compensate for their lower vocabulary skills by relying on their enhanced executive function
skills to perform at monolingual levels (see also Bialystok et al., 2008). Similar arguments
could be made for decoding skills in English. However, in the minority language Greek, the gap
in lexical skills was too big for the bilinguals to reach monolingual levels. For Greek, the
measures with the largest lexical components (i.e., vocabulary, letter fluency, LDT accuracy)
showed by far the biggest group effects, while for English the results seem to differ depending
on whether the measure taps primarily expressive or receptive skills, as well as the extent to
which the task implicates EF skills. The precedence of receptive skills over expressive skills is
further evident in the results for story comprehension in both languages (i.e., no group effect in
English and small group effect in Greek), which should be taken into consideration in bilingual
assessments (see also Gibson et al.,, 2012). Finally, the results for the crosslinguistic
comparisons and correlations of bilingual children’s narrative microstructure abilities in English
and Greek revealed considerable interdependence in terms of performance across languages.
Story length and syntactic complexity did not differ across languages, and showed moderate
crosslinguistic correlations. In contrast, the two measures that depend more on lexical skills,
namely lexical diversity and grammaticality, showed crosslinguistic differences in favour of the
majority language English. Although there was no monolingual data available for comparison,
the fact that story length and syntactic complexity were invariant across languages is surprising
in light of the children’s relatively limited language proficiency in Greek, as evidenced by their
expressive vocabulary scores. It is possible that the bilingual children’s unexpectedly high
scores on the Greek microstructure measures are the result of frequent home literacy activities

(see Leseman et al., 2007). This would also explain the relatively high performance on story
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comprehension in both languages. Moreover, the significant crosslinguistic correlations suggest
that crosslinguistic transfer is not limited to macrostructure skills, but can also occur in the
domain of microstructure (cf. Bedore et al., 2010; Uccelli & Paez, 2007). Taken together, the
results show similar linguistic profiles in the minority and majority language of bilinguals, with
a strong tendency for group differences to be more marked in the minority language (see also
Gathercole & Thomas, 2009). Note that although English was the majority language for all the
bilingual children since they were residing in the UK, not all of the children had English as their
dominant language. Recall that the bilingual sample was fairly heterogeneous in terms of length
of exposure and amount of input in the two languages (children from mixed marriages, recent
immigrants, 2™ generation immigrants). Hence, conclusions regarding differences in profile
effects between the minority and the majority language can only be tentative. Future
investigations that take into consideration the children’s language dominance can shed further

light on how bilingual profile effects interact with language status.

Word reading and reading comprehension in monolinguals and bilinguals

For the majority language English, the results from the group comparisons showed that the
bilinguals had nearly ‘caught up’ with the monolinguals on reading comprehension®, while
their basic literacy skills were already comparable to that of monolinguals. In Greek, the
bilinguals seemed to lag behind their monolingual peers in both basic reading skills and reading
comprehension, although the analyses for the passage comprehension subtest indicated that
those bilinguals who had sufficient reading skills to complete the test, performed at the same
level as their monolingual peers. This shows that it is in principle possible for bilinguals to
perform at the same level as monolinguals on measures of reading comprehension. The finding
that decoding skills seem to be transferable across languages, and the fact that the bilingual
children performed close to monolingual levels on English reading comprehension, despite their
lower vocabulary skills, point to differences in the relative contributions of underlying
component skills between monolinguals and bilinguals (Droop & Verhoeven, 2003). This
possibility was investigated by examining the predictors of word reading and reading
comprehension in monolinguals and bilinguals in English and Greek.

On the whole, the findings from chapter 4 support the view that L1 and L2 reading
development across languages that differ in orthographic consistency show both similarities and
differences (Geva & Siegel, 2000). Both word decoding and reading comprehension were
predicted by and large by the same set of underlying skills in both groups and languages (see

also Droop & Verhoeven, 2003 and Verhoeven, 2000). For word decoding, the main difference

53 In fact, the standard scores from the YARC showed that as a group, the bilinguals performed well
within the norms (M: 108, SD:11, range: 73-135), with only two children scoring below the 85
threshold. This finding is quite remarkable given that some of the children had been living in the UK for
a few years only.
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between groups was that RAN was a better predictor for the monolinguals, while verbal WM
made larger contributions in the bilinguals. This is in line with previous studies that found
different predictors of word reading in monolinguals and bilinguals (e.g., Bellocchi et al., 2017;
Kremin, Arredondo, Hsu, Satterfield & Kovelman, 2016). The commonality analyses further
showed that in both languages, the total contribution of verbal WM was twice as large in the
bilinguals compared to the monolinguals. Moreover, SRT accuracy scores, which are assumed
to depend partly on verbal WM skills, emerged as a significant additional predictor for the
bilinguals in Greek. This underscores the importance of verbal WM for word decoding in
bilinguals (Geva & Siegel, 2000). It is possible that the larger contribution of verbal WM in the
bilinguals compared to the monolinguals reflects a bilingual compensation strategy to overcome
limitations in vocabulary knowledge. This idea aligns well with the finding that bilinguals show
better working memory skills compared to monolinguals (see chapter 2). Alternatively, it could
be argued that the word recognition process is less automatized in bilinguals due to their lower
lexical skills, so that they are ‘forced’ to rely more on phonological recoding than on sight-word
reading compared to monolinguals, although this does not necessarily affect reading accuracy
since bilinguals performed at the same level as monolinguals in the majority language English.
However, the fact that verbal WM was found to play a greater role in bilinguals compared to
monolinguals in both English and Greek suggests that this is not just a transient effect, since
their reading skills in English were much more advanced than in Greek. Thus, the present
results are more consistent with the idea that bilingualism leads to cognitive advantages in
working memory which in turn can be used as a compensatory strategy to achieve word reading
skills comparable to monolinguals. For the monolinguals, the lack of a significant effect of
verbal WM over and above the other predictor variables is at odds with previous studies (e.g.,
Gottardo et al., 1996). One reason for the discrepant findings might be the inclusion of different
sets of control variables in the regression models across studies. Alternatively, the conflicting
findings might be due differences in the tasks used to measure verbal WM skills. For example,
Gottardo et al. (1996) measured verbal working memory skills by means of a listening span
task, which poses much higher demands on language than the digit backwards task used in the
current study. Thus, the contribution of working memory to word reading skills is likely to
differ as a function of the language demands of the task tapping working memory.

For RAN, the analyses of unique and shared variances revealed substantial total
contributions in both groups and languages, although for English the overall effect was larger in
the bilinguals, while in Greek the opposite was the case. However, in the bilinguals, the
contribution of RAN was almost entirely shared with the other predictors in the model which
explains why RAN did not make an independent contribution to word reading in this group. For
Greek, RAN was associated with larger unique and total contributions in the monolinguals
compared to the bilinguals. This might indicate that the word reading process is more

automatized in the monolinguals, since RAN is more strongly related to reading fluency (Araujo
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et al., 2015). For English, RAN was a better unique predictor in the English monolinguals, but
its total contribution was larger in the bilinguals. The findings for English are difficult to
interpret and future research is needed to clarify the RAN-reading relationship in bilinguals at
different stages of reading development. The results regarding the contribution of vocabulary to
word reading skills in English and Greek show a complex picture. For the English
monolinguals, there was no relationship between vocabulary and word reading, which is in
contrast to previous findings (e.g., Suggate et al., 2014). It is possible that the lack of a
significant contribution of vocabulary in this group is due to ceiling effects. In support of this,
letter fluency, which is heavily dependent on lexical skills, emerged as an additional significant
predictor of word reading in the English monolinguals. For the bilinguals and the Greek
monolinguals, the total contribution of vocabulary was found to be highly similar. However,
while vocabulary emerged as a significant independent predictor in the Greek monolinguals and
in the bilinguals in English, this was not the case for the bilinguals in Greek. Moreover, the
commonality analyses showed that vocabulary and phonological processing skills (RAN and
verbal WM) are highly interdependent in the minority language of bilinguals, which explains
why vocabulary and RAN did not come out as unique predictors. In general, the analyses of
covariances revealed large amounts of shared variances among the predictors in both
monolinguals and bilinguals. This highlights the need to supplement regression analyses with
communality analyses, given that the skills underlying reading may show different relationships
among each other in bilingual and monolingual children.

For reading comprehension, the results for the bilinguals were highly consistent with
previous research showing substantial contributions of oral language and decoding skills, with
oral skills being the stronger predictor (e.g., Hoover & Gough, 1990). In contrast, a number of
unexpected findings emerged for the two monolingual groups. For the English monolinguals,
decoding had no effect on reading comprehension, whereas oral language skills made a small
independent contribution over and above age and non-verbal 1Q. On the one hand, the lack of a
contribution of word reading in the English monolinguals is consistent with studies showing
that the influence of decoding skills decreases throughout development (e.g., Catts et al., 2005;
Gough et al., 1996).Thus, the fact that decoding still made a substantial contribution to reading
comprehension in the bilinguals might suggest that they are at an ‘earlier’ stage in the
acquisition process. However, this does not align well with the finding that the group difference
for English reading comprehension was very small, and the fact that the bilinguals performed
well within the norms on English reading comprehension. On the other hand, the independent
contribution of decoding in the bilinguals was merely 5% and decoding shared most of its
variance with other predictors. The higher level of interdependence between reading component
skills in bilinguals might explain the stronger link between decoding and reading
comprehension in the bilinguals compared to the monolinguals. Nevertheless, the results for

English confirm the limited role of decoding skill as a unique predictor of reading
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comprehension at advanced stages of reading development in both monolinguals and bilinguals
(Gough et al., 1996). This conclusion is supported by the Greek data, where the independent
contribution of decoding was very small in both groups (4-5%). However, the commonality
analyses revealed again high levels of interdependence among the predictor variables in both
groups. Consequently, the unique contributions of decoding and oral language skills to reading
comprehension in the Greek monolinguals were very small. In contrast, oral language skills
contributed a substantial amount of unique variance in the bilinguals, despite the large amounts
of variance shared among the predictor variables. Thus, the results are in line with previous
studies reporting stronger links between oral language skills and reading comprehension in
bilinguals compared to monolinguals (e.g., Babayigit, 2014; Droop & Verhoeven, 2003).

The finding that decoding made a small contribution in the Greek monolinguals but not
the English monolinguals is inconsistent with the claim that the word reading skills show
stronger links with reading comprehension in beginner readers of opaque orthographies (Florit
& Cain, 2011). However, the reading comprehension measures in English and Greek used very
different task formats, which makes it difficult to compare the results across the two languages.
For example, it is conceivable that answering of multiple choice questions relies more on word
reading skills because the options tend to be only minimally different, rendering accurate
decoding paramount. Differences in task format might also be responsible for the different
additional predictors that emerged across languages. For English, RAN explained additional
variance in the English monolinguals suggesting that RAN has both direct and indirect effects
(via decoding) on reading comprehension in this group. In contrast, switching emerged as an
additional predictor for the Greek monolinguals. For the bilinguals, switching predicted a small
amount of unique variance over and above the other variables, while visuospatial WM and
updating were found to explain a considerable amount of additional variance in Greek. Thus,
the results are in line with the suggestion that bilinguals rely more on EF skills to compensate
for their lower language proficiency. Note that the relatively large contribution of visuospatial
WM in the bilinguals (9.4%) parallels the findings for word reading in suggesting a crucial role
for WM skills in bilingual reading development.

In the current study, the independent contribution of oral skills to reading
comprehension was relatively small, especially in the two monolingual groups (<10%). This
suggests that the measures used to gauge oral language skills (expressive vocabulary and
sentence repetition) do not capture the full range of oral language skills that are implicated in
reading comprehension. Accordingly, it has been argued that the amount of variance explained
by linguistic comprehension depends heavily on how these skills are measured (e.g., Wong et
al., 2017). This is an important issue that needs to be taken into consideration when comparing
results across different studies. Moreover, it is unclear whether the differences between
monolinguals and bilinguals in terms of the relative contribution of the various component skills

is due to the bilingual children being at an earlier stage in their reading development, or due to
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different reading strategies altogether. Longitudinal data are needed to see how stable the
predictors of word reading and reading comprehension are in bilinguals over time. Finally, it is
likely that reading strategies differ as a function of reading ability, as pointed out by Johnston
and Kirby (2006), so future research could examine the interactions between the component

skills and reading ability.

Biliteracy & oral language skills

The results from the group comparisons showed differences in favour of the monolinguals on all
measures of oral language skills, with the exception of story comprehension in English, where
the bilinguals performed on a par with monolinguals. Moreover, the crosslinguistic comparison
of the bilingual children’s narrative skills across the two languages showed no differences in
story length or syntactic complexity. This suggests that the bilingual children’s performance in
Greek was higher than what could have been expected on the basis of their vocabulary and
morphosyntactic skills, although there was no monolingual data to support this claim. The link
between oral language skills (vocabulary, listening comprehension) and reading comprehension
is well established, and several studies have found that children’s early narrative production
predicts reading comprehension longitudinally (e.g., Dickinson & Tabors, 2002; Griffin et al.,
2004; Miller et al., 2006). Moreover, previous research suggests that the relationship between
oral language and reading skills is likely to be reciprocal (e.g., Sears & Keogh, 1993;
Verhoeven et al., 2011; Vivas, 1996). Thus, it was reasoned that literacy development interacts
with oral language skills, so that biliteracy is associated with balanced language proficiency
(i.e., similar levels of linguistic skills across the two languages). This would result in higher
levels of between-language competition which has been argued to lead to enhancements in
executive control abilities. Alternatively, it was hypothesized that literacy input in either
language supports processing of decontextualized language, e.g., through increased knowledge
of story structure. The results in chapter 5 revealed positive effects of biliteracy on children’s
oral language skills in Greek. More specifically, the two performance-based indices were found
to explain a small, but significant amount of variance in SRT accuracy scores over and above
age, non-verbal 1Q, bilingual input at home, and vocabulary. In addition, there were significant
effects of BIS2 scores on all three SRT scores in Greek, but the influence was in the opposite
direction, i.e., children with lower levels of biliteracy across the two languages reached higher
scores on the SRT in Greek. The significant negative effects of BIS2 are most likely due to
some confounds arising from the calculation of the indices (e.g., skewed distributions of
schooling indices). The positive association between the performance-based indices and SRT
accuracy in Greek supports the hypothesis that biliteracy positively impacts children’s EF skills,
and working memory in particular. Because of the high correlation between BIR1 and BIR2, it
is unclear whether the effect is due to balanced biliteracy across the two languages or due to

overall higher levels of biliteracy across the two languages. Future research is needed to
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distinguish between the two possibilities. The fact that no significant effects of biliteracy were
found for SRT accuracy in English might be due to a lack of individual variation in this
measure. Alternatively, it is possible that for bilinguals, sentence repetition in the dominant
language is less demanding, and thus, does not implicate verbal WM to the same extent as
sentence repetition in the minority language does. Thus, the results regarding the relationship
between biliteracy and oral language skills suggest selective effects for measures that tap into
executive functions skills. Future research investigating possible biliteracy effects on narrative
skills at the macrostructure level might provide further evidence in support of the link between

biliteracy and measures of oral language skills that pose high demands on executive functions.

Biliteracy & executive functions

The group comparisons for measures of executive function skills indicated selective advantages
for bilinguals in verbal WM when differences in vocabulary were accounted for. Moreover,
there was a tendency for bilinguals to score higher than the monolinguals on letter fluency in
English, but only when differences in vocabulary were controlled for. In contrast, no bilingual
advantage was observed for letter fluency in Greek, updating and non-verbal EF measures (i.e.,
visuospatial WM, inhibition, switching). In fact, the Greek monolinguals were found to
outperform the bilinguals on the measure of inhibition. The superior performance on part of the
Greek monolinguals on the inhibition measure is consistent with previous studies showing that a
multitude of experiences and factors, such as SES, playing video games, musical training and
physical exercise, can boost executive function skills (see Valian, 2015). The fact that
experiences other than bilingualism can affect executive function skills, as well as the
inconsistent findings across studies suggest that inhibitory control is insufficient in explaining
the mechanisms that drive the bilingual advantage in executive function skills (Hilchey & Klein,
2011). Hence, further research is required to determine which aspects of the bilingual
experience influence cognitive abilities while taking into account other non-linguistic variables
that have been shown to affect cognitive performance. One step in this direction has been done
by researchers that looked at the effects of code-switching behaviour on cognitive control in
bilinguals. The results from these studies identify language-switching as one of the possibly
many aspects of the bilingual experience that enhance non-linguistic executive control
(Hofweber et al., 2016; Prior & Gollan, 2011; Verreyt, Woumans, Vandelanotte, Szmalec &
Duyck, 2015). Biliteracy is another aspect of bilingualism that is likely to have positive effects
on executive function skills. Some initial evidence for this claim comes from a study by
Bialystok and Barac (2012) who found that time spent in a bilingual education programme was
positively related to performance on executive control tasks. The authors argued that the
bilingual advantage in cognitive control emerges with accumulating experience in a bilingual
environment rather than by bilingualism per se. However, it is possible that the bilingual

advantage observed in Bialystok and Barac’s (2012) study is at least partly due to the children
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acquiring literacy in two languages. This possibility was explored in the present study by using
different measures of biliteracy to predict children’s performances on a range of executive
function tasks. The hypothesis that biliteracy has positive effects on executive function skills
was based on the premise that biliteracy is associated with balanced bilingual proficiency, and
that children with more balanced bilingual proficiency experience higher levels of between-
language competition due to stronger representations and more overlap between the two
languages. The results from chapter 6 showed no positive effects of biliteracy on non-verbal
measures of executive function skills. In contrast, a positive impact of biliteracy was observed
for updating, as well as for verbal WM in English and Greek. Thus, children with balanced
biliteracy and overall higher levels of biliteracy across the two languages scored better than
children with lower levels of biliteracy. The finding that biliteracy predicted performance on the
working memory task also fits in nicely with the significant association between biliteracy and
SRT accuracy in Greek (see chapter 5), since sentence imitation is thought to tap into working
memory as well. Notably, the effects were obtained for both the purely relative index (BIR1)
and for the index that incorporated balance and actual level simultaneously (BIR2). This is
consistent with the view that cognitive enhancements in bilinguals arise due to increased
between-language competition as a result of balanced bilingualism/biliteracy, but that the
effects only emerge when a certain threshold of bilingual proficiency is achieved (see Threshold
Hypothesis by Cummins, 1976, 1979). The observed positive association between biliteracy and
updating skills corroborates findings by Marinis et al. (under review) where balanced bilingual
education was found to predict 2-back scores. However, in Marinis et al. (under review),
biliteracy was measured on the basis of amount of formal instruction received in the two
languages, while in the current study the effect only emerged for the performance-based indices,
but not for indices based on amount of schooling. In fact, the results for the schooling-based
indices obtained in the current study point to the possibility that these measures were
confounded by some other exposure related variables. In addition, Marinis and colleagues did
not find similar effects of balanced bilingual education on digit backwards scores. Finally,
Bialystok and Barac (2012) reported effects of bilingual schooling (i.e., time spent in an
immersion program) on inhibition skills, whereas the current study did not reveal any links
between biliteracy and the measure of inhibition. Thus, the mixed findings suggest that
performance- and experience-based measures of biliteracy show different patterns of
relationships with executive function measures. While the significant association between
biliteracy and verbal WM skills is consistent with the results from the group comparisons where
the bilinguals were found to outperform the monolinguals (after controlling for differences in
vocabulary), there was no evidence for a bilingual advantage in updating skills on the basis of
the group comparisons. The results from the regressions in chapter 6 showed that the effect of
biliteracy was slightly larger for the verbal WM measures than for updating (Greek WM: 12%,
English WM: 10%, updating: 8%). This suggests that the effect of biliteracy on verbal WM was
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strong enough to be detected at the group level despite the large individual variation in the
bilingual sample, while the effect on updating was too small to emerge in the group
comparisons. Thus, the results stress the need to treat bilingualism and biliteracy as continuous
variables since subtle effects of the bilingual experience might not be detectable in group

designs due to the high level of heterogeneity inherent to the bilingual population.

Vocabulary and verbal working memory in bilinguals

A particularly prominent finding of the current study was the pivotal role of vocabulary for the
development of oral language and literacy skills. The group comparisons revealed large gaps
between bilinguals and monolinguals in expressive vocabulary in both languages, but even
more so in the minority language Greek. Moreover, for all measures that showed group
differences in favour of the monolinguals, the effect disappeared when vocabulary scores were
used as a covariate in the analyses, with the exception for letter fluency in Greek, where the
difference persisted even after controlling for differences in vocabulary. This suggests that
vocabulary is responsible for bilingual children’s lower performance on measures of oral
language and literacy skills. The pervasive effect of vocabulary on bilingual children’s
performances has been reported in numerous studies and thus, constitutes a robust finding (e.g.,
Bialystok et al., 2008; Blom et al., 2017; Komeili & Marshall, 2013; Luo et al., 2010).
Moreover, the large influence of vocabulary on oral language and literacy skills was further
evidenced in the regression analyses in chapters 4 and 5. The fact that oral language measures
differ in the extent to which they implicate lexical skills, needs to be taken into consideration in
bilingual assessments.

The second prominent finding of the current study pertains to the role of verbal WM in
bilingual performance. A bilingual advantage in verbal WM was observed in the group
comparisons when vocabulary was included as a covariate in the analyses. Moreover, the
patterns of predictors for word reading showed that verbal WM made larger contributions in the
bilinguals than in the monolinguals in both languages. For reading comprehension too, the
results showed additional significant contributions of measures tapping WM for the bilinguals
in Greek, but not the monolinguals. Finally, biliteracy, as measured by performance on word
reading tasks in the two languages, was found to predict performance on measures of verbal
WM in both English and Greek. The fact that the effects for verbal WM were observed in both
languages, as well as the finding that the bilingual children’s performance did not differ across
languages support the view that verbal WM skills reflect a general ability to process language,
rather than a language-specific skill (Gutiérrez-Clellen, Calderén & Weismer, 2004).
Importantly, the results for the decoding measure in the majority language English point to the
possibility that the bilingual children can compensate for their lower lexical abilities by relying
more on verbal WM to achieve monolingual levels of word reading skills. The group

comparisons in chapter 2 showed that the bilinguals were able to perform on a par with their
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monolingual peers on English word reading, despite their lower vocabulary skills. Moreover,
both vocabulary and verbal WM made substantial contributions to word reading in English,
which is consistent with the claim that bilingual children’s lower vocabulary skills and superior
verbal WM abilities cancel each other out. Similar arguments could be made to explain the
bilingual children’s performance on the letter fluency task in English, namely that the bilingual
children’s lower vocabulary and superior WM skills cancelled each other out leading to equal
performance by the two groups. In line with this suggestion, letter fluency showed moderate
correlations with both vocabulary and verbal WM scores. However, no such ‘compensatory
effects” were observed for the sentence repetition task, which implicates both linguistic and
executive function skills (i.e., working memory). Bilinguals were found to score lower on this
task than their English monolingual peers, even when alternative scoring methods were used to
try to reduce the lexical requirements of the task. This suggests that the linguistic demands were
too high for the bilinguals to be able to compensate for their lower lexical skills by their
enhanced WM abilities. A crucial difference between the sentence repetition and the letter
fluency task is that sentence repetition taps specific vocabulary items, while letter fluency does
not. This might explain why the bilingual children’s performance on letter fluency in English
was not hampered by their smaller vocabularies, in contrast to sentence repetition. However, for
the minority language Greek, the gap in lexical skills is too big to be compensated for by
working memory skills. Hence, the bilingual children were found to perform lower than their
monolingual peers on all oral language and literacy measures in Greek (with the exception of
the lexicality effect). Although the results from chapter 6 showed significant effects of biliteracy
on verbal WM skills in English and Greek, no conclusions can be made regarding the
directionality of the effect. This is because developing literacy in two languages might boost
children working memory skills, but it is also possible that children with better working
memory skills reach higher levels of biliteracy. In fact, it is highly probable that working
memory and literacy skills form a reciprocal relationship, similar to what has been argued for
the link between oral language and literacy skills. In the current study, a measure of bilingual
input at home was included in the analyses in chapters 5 and 6 in an attempt to disentangle
biliteracy effects from bilingualism effects. Although the current findings did not point to
bilingualism as the source of the children’s superior WM skills, more stringent measures are
needed to confirm that the biliteracy effects observed in the current study were not simply

bilingualism effects.

Measuring biliteracy

Research on bilingualism and biliteracy is muddied by methodological and conceptual issues
(Grosjean, 1998). Studies on the effects of bilingualism and biliteracy often use group designs,
thereby treating bilingualism and biliteracy as categorical variables. However, bilinguals show

vast differences in their language learning experiences, and the need to use quantitative
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measures of bilingualism has long been recognized (Grosjean, 1998). Accordingly, there is a
growing number of studies that try to relate particular aspects of the bilingual experience with
linguistic and cognitive outcomes. Despite these advances, the fact that there are no commonly
agreed measures of bilingual proficiency continues to be a major issue in the field (Bedore et
al., 2012). The situation for biliteracy is not much different. Given the lack of established
measures of biliteracy, the present study sought to examine the validity and usefulness of two
types of biliteracy indices, one based on performance on a word reading test in the two
languages (BIR), and one based on amount of schooling in the two languages (BIS). Moreover,
two different formulae were used for each type of index, one that calculates biliteracy strictly in
terms of the degree of balance across the two languages, and one that incorporates information
on both actual levels of biliteracy and balance, although actual levels carry much more weight
in the calculation than balance. Previous studies have shown that performance- and experience-
based measures result in different classifications of language dominance and bilingual
proficiency (Bedore et al., 2012). In the current study, positive effects of biliteracy were
observed for performance-based indices, but not for the experience-based indices. In fact, the
results showed significant contributions of BIS1 to visuospatial WM and letter fluency in
English, as well as significant effects of BIS2 on SRT scores in Greek. However, the observed
effects for BIS1 and BIS2 went in the opposite direction from what was expected, with children
towards the ‘monoliterate’ end of the spectrum outperforming children with higher levels of
biliteracy. These findings are difficult to interpret. Admittedly, it is possible that the effects are
artefacts resulting from an uneven distribution of scores. For example, the results for BIS1
might be driven be the amount of schooling in English in that children with higher amounts of
schooling in English also tended to be more unbalanced resulting in higher BIS1 scores.
Similarly, the results for BIS2 might be due to the fact that children with overall more
instruction in the two languages were older and thus, might show stronger language dominance
in favour of English than younger children. This highlights the need to validate the proposed
indices of bilingualism and biliteracy through more elaborate statistical procedures to ensure
that they provide an accurate measure of the construct.

Another issue with the experience-based indices might be that they calculate biliteracy
on the basis of amount of instruction without distinguishing between CLIL (Content and
Language Integrated Learning) and more traditional language classes. Instruction at mainstream
primary schools involves almost exclusively CLIL, while the instruction provided by Saturday
schools is better describes as traditional language classes. Thus, children who had received
some formal instruction in Greece before coming to the UK, and children who had attended the
Greek primary school in London are likely to have had more exposure to CLIL in Greek than
children who acquired Greek literacy through Saturday schools. Moreover, it has been argued
that CLIL leads to better linguistic outcomes than traditional language classes (Dalton-Puffer,
2008; Jiménez Cataldn & Agustin Llach, 2017; Lasagabaster, 2011). Thus, the BIS indices
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calculated in the current study may not be an accurate reflection of children’s levels of
biliteracy because of differences in the effectiveness of CLIL and non-CLIL classes. Although
the current study did not find any evidence for biliteracy effects in terms of amount of schooling
in the two languages, the results for the BIR indices together with findings from previous
studies suggest that the two types of measures show differential relationships with different EF
measures. It is possible that the more global indices based on experience show stronger
relationships with more complex tasks (e.g., 2-back, inhibition measures), while the more one-
dimensional performance-based indices are associated with simpler tasks, such as the digit
backwards task. Developing measures of bilingualism and biliteracy remains a tall task and
more research is needed to establish reliable measures that can be used across different bilingual

populations and research fields.

7.3 Practical implications

Parents of bilingual children are often faced with the question of how to best support their
child’s language development in order to achieve optimal outcomes in both languages. One of
the major concerns is the child’s academic achievement in the majority language. This is at least
partly due to governmental reports and international surveys that tend to find lower performance
on part of bilinguals compared to monolinguals. For this reason, families are sometimes
pressured into increasing the use of the majority language at home, at the obvious expense of
the minority language. As a consequence, the bilingual children do not receive sufficient input
in the minority language to further develop and/or maintain their linguistic abilities in that
language. Although the current study did not directly assess the impact of input variables on
language and literacy outcomes in the majority language, the results from the group
comparisons for English suggest that there is little reason for concern regarding children’s
language skills in the majority language. More specifically, the comparison of monolingual and
bilingual children’s performances on measures of oral language and literacy skills showed no
differences for basic reading skills, story comprehension, letter fluency and verbal working
memory. For reading comprehension and SRT scores, there were some small group differences
in favour of the monolinguals, which however, disappeared when vocabulary was controlled
for. In contrast, there was a marked difference in expressive vocabulary skills with the
monolinguals outperforming the bilinguals. Thus, the findings suggest that for the majority
language English, the only domain where bilinguals seem to face a continuous challenge is
vocabulary. The fact that the bilinguals in the current study performed at monolingual levels on
nearly all language and literacy measures in English is quite remarkable given that the sample
included children who had been living in the UK for a few years only at the time of testing.

Moreover, some of the bilingual children were attending a Greek primary school in the UK,
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suggesting that even the children who received formal instruction predominantly in Greek were
able to catch up with the monolinguals on the various language and literacy measures. For the
minority language Greek, the group differences in favour of the monolinguals were more
marked, but again the analyses showed that they could all be traced back to the bilingual
children’s lower lexical skills (with the exception of the letter fluency where the monolinguals
outperformed the monolinguals even when vocabulary was controlled for). The pivotal role of
vocabulary for oral language and reading skills of bilinguals was evident throughout the study.
Not only did lexical skills affect the group differences between monolinguals and bilinguals,
vocabulary also showed particularly strong correlations with sentence repetition, rapid haming,
decoding and reading comprehension. More importantly, lexical skills made substantial
contributions to sentence repetition and reading skills in both languages. For sentence repetition,
vocabulary accounted for about 25% of the variance in English and for about 50% in Greek.
This shows the close association that exists between lexical skills and grammatical abilities
suggesting that good vocabulary knowledge is a prerequisite for processing oral language input.
Lexical skills are even more crucial for reading as they contribute to both word reading and
reading comprehension. In line with this, the results of the current study showed that in both
languages, vocabulary accounted for approximately 20% of variance in word reading.
Moreover, oral language skills, as measured by expressive vocabulary and sentence imitation,
together explained about 50% of the variance in reading comprehension in both languages.
Thus, lexical skills support reading comprehension via multiple processes, namely by
contributing to word decoding and broader oral language skills (i.e., SRT), but also by
providing relevant knowledge and schemas required to construct an understanding of the text.
Consequently, attempts to support bilingual children’s language and literacy skills in either
language should focus primarily on lexical skills, for example through interventions that
specifically target vocabulary development. This is because knowing a word involves more than
just knowing its meaning. Rather, lexical knowledge includes information about the
morphological structure of a word as well as its use in context (part of speech, register,
connotations, collocations, etc.), among other things. Thus, interventions that focus on lexical
development inadvertently also boost grammatical abilities since new words are typically
encountered in context, rather than in isolation. Moreover, improving children’s lexical skills
allows them to allocate more of their cognitive resources to higher-level processes during
comprehension and production. For example, it is likely that the bilingual children’s depressed
performance on the SRT in the current study was not due to vocabulary as such, but rather due
to slower and more effortful lexical processing so that less attention could be paid to the
grammatical properties of the sentence resulting in less accurate recall. The multidimensionality
of vocabulary knowledge is also the reason why lexical skills assume such a central role in
literacy development as evidenced by the substantial contributions of vocabulary to word

reading and reading comprehension found in the current study. On the one hand, vocabulary is

200



needed to provide the meanings of the individual words. On the other hand, lexical skills
support both low-level reading skills and higher-level processes implicated in text
comprehension. At the level of decoding, lexical skills speed up word recognition by facilitating
phonological, morphological or orthographic processing, thus allowing for more fluent reading.
At the level of reading comprehension, vocabulary knowledge positively affects grammatical
processing, as well as the construction of schemata and text models which are essential for the
integration of relevant background knowledge. As a consequence, interventions need to take
into account the multiple dimensions of lexical knowledge by targeting both vocabulary breadth
and depth. Importantly, lexical skills can also be fostered by literacy-based interventions, since
reading development and vocabulary skills form a reciprocal relationship. These kinds of
interventions involve teaching of word-learning strategies that children can employ when
encountering unfamiliar words in texts. Thus, teaching children these strategies will directly
improve their reading skills, but also provide them with tools to acquire new vocabulary, which
in turn, will feed back into reading comprehension. While these sorts of interventions are
typically used to improve bilingual children’s lexical skills in the majority language, the close
relationship between vocabulary and reading implies that formal instruction in the minority
language will result in better oral language skills and possibly also better minority language

maintenance.

7.4 Methodological issues

One of the central problems in cross-linguistic research and studies comparing language skills
in the two languages of bilinguals is task equivalence. This refers to the fact that it is difficult to
perfectly align tasks across two languages due to structural differences. In the present study, the
tasks were selected and designed to be as similar and comparable as possible. Some of the tasks
used the exact same stimuli in English and Greek, i.e., they were simply translations of each
other. However, other tasks used different stimuli in English and Greek (e.g., lexical decision,
sentence repetition, word reading) which suggests that these measures are not necessarily
comparable in terms of level of difficulty. Moreover, the choice of standardized materials to
assess language and literacy skills in relatively understudied languages is often limited. Due to
the restricted number of standardized tests of reading skills available in Greek, the English and
Greek reading comprehension measures used in the current study differed in important ways.
The English measure covered a larger span of reading ability and used open-ended questions
allowing for a more precise assessment of reading comprehension skills. In contrast, the Greek
reading measure only included three different levels and did not cover very low levels of
reading ability so that some of younger bilingual children could not be administered the task.
Moreover, the test uses multiple-choice questions which arguably reduce task demands. In order

to get a full picture of bilingual children’s language and literacy skills in both languages it is
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paramount to use equivalent measures across languages for maximum comparability. Future
research should aim at developing more standardized tests of essential language and literacy
skills in multiple languages to facilitate cross-linguistic comparisons. Consequently, the present
findings with regard to reading comprehension need to be confirmed in future studies that use
reading comprehension assessments of the same format across languages.

Unfortunately, the different format of the reading comprehension tests in the two
languages made it impossible to use this measure to calculate performance-based indices of
biliteracy. Instead the biliteracy indices that were based on children’s performance were
computed using a measure of word reading ability which is seen as a low-level skill, and might
therefore not be an accurate reflection of children’s more global reading skills (i.e., reading
comprehension, which is the ultimate goal of reading). Previous research has shown that word
reading is acquired relatively easily in languages with transparent orthographies even when oral
language skills are relatively low (Geva & Siegel, 2000). Moreover, some studies have found
that word reading and reading comprehension are only weakly related in the higher elementary
grades (Scarborough, 1998). Thus, using the bilingual children’s scores on word reading in
Greek may have led to an overestimation of their actual literacy levels. Although the
correlational analyses in chapter 4 revealed strong associations between performance on the
word reading and reading comprehension task for the bilinguals in both languages (r >.63), the
correlations were far from perfect. Hence, it is possible that biliteracy indices that are calculated
on the basis of performance on reading comprehension tests might yield different results than
the ones obtained in the current study. Improvements could also be made to the experience-
based biliteracy indices, for example by obtaining more detailed information on the curriculums
of the schools to more accurately calculate the amount of instruction received in each language.
Moreover, schooling is for the most part compulsory resulting in relatively little individual
variation which might be problematic when trying to relate amount of schooling in two
languages with linguistic and cognitive measures. The majority of the bilingual children in the
current sample were enrolled at English mainstream primary schools and received additional
instruction in Greek by attending heritage language classes (i.e., Saturday schools). Thus,
amount of formal instruction in Greek is the primary source of variation in biliteracy for this
group of children. However, because Saturday schools are not compulsory, children may differ
in terms of how regular they attend these classes. In the current study, no information was
elicited regarding the regularity of attendance at these classes throughout the years. This may
have led to imprecisions in the estimation of the amount of schooling received in the minority
language Greek. On a related note, the experience-based indices did not take into account
differences in instructional approaches across different types of schools. More specifically,
instruction received at mainstream primary schools (including the Greek school in London)
involves large amounts of CLIL, while instruction at Saturday schools more closely resembles

the format of traditional foreign language classes. It has been argued that CLIL leads to better
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language outcomes than the more traditional language classes (Dalton-Puffer, 2008;
Lasagabaster, 2011). Hence, it may be necessary to distinguish these two types of schooling
when estimating levels of biliteracy to avoid confounds in terms of the quality or format of
instruction. Although formal schooling is undoubtedly the major source of literacy instruction
and reading practice, large individual differences can be expected in terms of the frequency of
book reading during free-time. Moreover, literacy practices at home have been found to show
strong association with reading development in both monolingual and bilingual children
(Leseman et al., 2007; Sénéchal & LeFevre, 2014). This highlights the need for measures of
(bi)literacy to encompass multiple dimensions of literacy practices, such as amount of
schooling, frequency of free and shared book reading, number of children’s books at home, etc.
Measuring bilingual experience is notoriously difficult and there seems to be little consensus
among researchers how to best capture the relevant factors. Nevertheless, researchers
investigating the relationship between input variables and linguistic outcomes have made
significant advances in developing comprehensive questionnaires and proficiency indices that
incorporate multiple dimensions of the language learning experience (Paradis, 2011; Unsworth,
2013). Thus, one step forward in the research on biliteracy would be to develop more
comprehensive and refined questionnaires about literacy input and practices, modelled after the
guestionnaires targeting language input.

Another caveat of the present study is that some of the measures might have led to
ceiling effects. This is particularly problematic for correlation and regression analyses because
the lack of variation that accompanies ceiling performance makes it difficult to detect smaller
effects in the data. For example, the expressive vocabulary tests were originally designed for
monolingual children up to the age of 8;6 leading to possible ceiling effects in the monolingual
control groups as well as in the dominant language of the bilinguals (i. e., English). Despite the
apparent ‘inadequacy’ of the vocabulary measures for some of the children, a test of expressive
vocabulary was preferred over a test of receptive vocabulary, as the former shows stronger
relationships with reading and pre-reading skills than the latter (Chiappe et al., 2004). Ceiling
effects might have also been present in the measure of listening comprehension. The purpose of
the comprehension questions was two-fold, to probe children’s understanding of the stories, but
also to provide them with a rough scaffold that would help them tell a coherent narrative. Recall
that the age range of the sample was rather wide (between 7 and 12 years) which means that the
stories had to be fairly simple to make sure they are appropriate for the younger children.
Moreover, it was anticipated that some of the bilingual children would have very low
proficiency in the minority language so the simplicity of the stories allowed all of the children
to complete the task. It is very common for bilinguals to present large gaps between their
receptive and expressive (productive) language skills, especially in the minority language
(Gibson et al., 2012; Gibson et al., 2014). Consequently, for English, the listening task and

subsequent comprehension questions might have been too easy for the children leading to a
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possible ceiling effect and a lack of individual variation. Hence, it might be preferable to probe
listening comprehension skills and narrative abilities with independent tasks.

On the other hand, the task demands of the Global-Local task might have been too high
to accurately measure the children’s inhibition and switching abilities. Although overall
accuracy in all three groups was fairly high at over 93% correct, there were large variations in
reaction times both within and between subjects, with response times frequently exceeding 3
seconds®. To reduce the influence of outliers, the analyses were based on median RTs rather
than mean RTs. Despite this, both the congruency effect and the switching cost were associated
with unusually large standard deviations. There are several factors that may have led to the
excessively long reaction times. For example, the version used in the current study required
children to respond to four different stimuli (i.e., circles, crosses, triangles, and squares). In
contrast, previous studies that employed the Global-Local task with younger children (6 to 10-
year-old) have used versions where the children had to respond to two stimuli only (e.g., shapes
and circles), which clearly reduces the task demands (Bialystok, 2010; larocci, Burack, Shore,
Mottron & Enns, 2006). Another factor that might have skewed the results is the number of
trials per experimental block. In the present study, each block consisted of 64 trials, whereas in
other studies the experimental blocks included considerably fewer trials. For example, in larocci
et al. (2006) the task consisted of 3 blocks containing 40 trials each, while the version
administered in the study by Bialystok (2010) included 16 blocks containing 12 trials each.
Thus, the length of the experimental blocks in the current study may have compromised
children’s investment in the task, thereby increasing the amount of measurement error. Hence,
the results for the measures of inhibition and switching obtained in the present study may have
been skewed by the high task demands, thereby obscuring possible effects of bilingualism or
biliteracy.

7.5 Future directions

The present study offers a number of interesting findings on which future studies on
bilingualism and biliteracy can build on. For example, the results from chapter 4 suggest that
the bilingual children were able to compensate for their lower vocabulary skills by relying on
their enhanced working memory skills to read at monolingual levels. The fact that the bilinguals
also showed larger contributions of verbal WM in the minority language compared to their
monolingual peers indicated that this might be a bilingual compensation strategy. Thus, future
research could focus on the particular reading strategies employed by monolingual and bilingual
readers who exhibit different skill levels. The crucial difference between reading and listening

comprehension is that the content of written text remains available for re-inspection, while

> Note that some researchers code trials with response times above a certain cut-off point (e.g., >3000ms)
as errors (e.g., Hayward et al., 2012).
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speech content does not. According to Kirby and Savage (2008), this leaves much room for the
use of different strategies in order to extract the meaning of the text. The use of such strategies
relies on metacognitive abilities, which bilingual speakers are claimed to excel in (Barac,
Bialystok, Castro & Sanchez, 2014). The fact that the gap between monolingual and bilingual
children is considerably larger for oral language skills than for reading comprehension, with
decoding abilities being no different across groups (see Melby-Lervdg & Lervag, 2014),
suggests that the bilinguals somehow are able to (at least partly) compensate for their lower oral
language skills, possibly by their enhanced cognitive and metacognitive skills. Thus, bilingual
children might use more efficient reading strategies to cope with their limited language
proficiency. One way to test this idea is by exploring the reading strategies employed by
monolingual and bilingual speakers by looking at their reading-behaviour as reflected by eye-
movements (e.g., Martin et al., 2013).

On a related note, future research could investigate the role of orthographic
transparency in the bilingual children’s minority and majority languages for reading
development. On the one hand, phonological awareness and decoding skills have been shown to
be transferable across languages in bilinguals (e.g., Durgunoglu et al., 1993; Melby-Lervag &
Lervag, 2011). On the other hand, Ziegler and Goswami (2006) argue that monolingual children
employ different reading strategies as a function of orthographic transparency. Hence, it is
possible that the acquisition of literacy skills in a transparent orthography (e.g., Italian, Greek)
is particularly beneficial for reading development in a language with less consistent letter-sound
mappings (e.g., English). In line with this, D'Angiulli et al. (2001) found suggestive evidence
that exposure to a language with consistent grapheme-phoneme correspondences like Italian
supports phonological skills in English. This hypothesis can be confirmed in future studies that
compare reading development of bilingual children acquiring (bi)literacy in different language
pairs. Moreover, studies with larger samples could apply more advanced statistical methods to
investigate whether there are any interactions among the predictor variables that would indicate
differences between skilled and less-skilled bilingual readers in terms of the relative
contributions of underlying skills. It has been suggested that cross-linguistic transfer of skills
requires a certain level of proficiency in both languages (Cummins, 1976, 1979). Thus, children
with good levels of proficiency in both languages are likely to use different reading strategies
than children with only limited proficiency in one of the two languages.

Another possibility is that the larger contribution of verbal WM in the current sample of
bilinguals reflects a less ‘advanced’ reading strategy, in that reading processes are not fully
automatized yet (or less automatized than in the monolingual children). This might also explain
why RAN was a better predictor of word reading in the monolingual groups. Although the
bilinguals performed on a par with the English monolinguals on word reading accuracy, it is
possible that the groups differed on reading fluency, which was not assessed in the current

study. The role of fluency in different groups of monolingual and bilingual readers is a
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promising area for future research since recent studies suggest that reading fluency plays a
crucial role in reading comprehension, especially in higher grades where individual differences
in decoding accuracy tend to level out (Language & Reading Research, 2015).

In the current study, the bilingual children were found to perform on a par with their
monolingual peers on the literacy measures in the majority language English, with the exception
of a small group difference in favour of the monolinguals for reading comprehension. While
this indicates that the bilingual children are in the process of ‘catching up’ with the
monolinguals on English reading comprehension, longitudinal data is needed to confirm that
bilinguals are able to eventually reach monolingual levels. This would provide further evidence
for the long-term benefits of biliteracy for reading development in the bilingual children’s
majority language (see also Montanari, 2014; Oller & Eilers, 2002).

The results of the present study suggest that biliteracy is an important variable to
consider in the study on bilingualism. Moreover, the results from chapters 5 and 6 indicate that
performance-based measures of biliteracy are able to account for additional variance in
executive function and oral language skills. In contrast, no positive effects were observed for
the schooling-based indices. It is likely that the experience-based measures of biliteracy used in
the current study did not provide an accurate reflection of the children’s literacy skills in the two
languages. A potentially crucial factor that needs to be considered in future studies is the
children’s reading practices during leisure time. Thus, researchers could try to develop
experience-based measures of biliteracy that take into account amount of schooling, as well as
literacy practices during free-time. Similarly, the measure of bilingual input at home (calculated
as the difference in the relative amount of input in the two languages in the home environment)
did not show any associations with the oral language measures in the current study. It is
possible that the lack of a relationship between bilingual input and oral language measures is
due to the relatively little output the children produce in Greek. There is mounting evidence that
language output is another crucial factor in bilingual language development (e.g., Bohman et al.,
2010; Unsworth, 2016). Accordingly, De Cat and Serratrice (2017) have developed a composite
measure of language experience (Bilingual Profile Index) that combines information on
children’s language input and output. Importantly, De Cat and Serratrice (2017) found that the
Bilingual Profile Index was a reliable predictor of children’s performances on a range of oral
language measures. Thus, future research could try to develop a similar index for biliteracy,
where input is reflected by formal literacy instruction, and output is conceived as literacy

practices during leisure-time.

206



7.6 Conclusions

The present study on the development of biliteracy in bilingual children adds to previous
research by providing a comprehensive assessment of the bilingual children’s language and
literacy skills in both of their languages, English and Greek. A strength of the current study is
that the bilingual group included children from a wide range of different language experiences
which is representative of the Greek-English bilingual population in the UK. The results showed
that group differences in performance on oral language and literacy measures are largely
attributable to the bilingual children’s lower vocabulary skills. Thus, vocabulary is the only
domain that poses a continuous challenge for bilinguals. On the other hand, bilinguals were
found to outperform monolinguals on verbal working memory in both languages. The findings
further indicated that the bilingual children use their enhanced working memory skills to
compensate for their lower lexical abilities to achieve monolingual levels on measures of basic
reading skills, and possibly also to reduce the gap in reading comprehension. Accordingly, the
results showed that verbal WM accounted for more variance in word reading in bilinguals,
whereas RAN was a better predictor of basic literacy skills in monolinguals. Importantly, the
pattern was found for both the majority and the minority language, suggesting that this reflects a
bilingual strategy rather than a less advanced stage in reading development. Finally, the study
provided evidence that biliteracy might be one of the crucial factors that drives the bilingual
advantage in executive function skills. Thus, the present results are in line with the claim that
the development of bilingual proficiency is associated with enhancements in executive function

skills, and point to the potential role of developing literacy in the minority language.
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APPENDICES

APPENDIX A

Boxplot for age in months per language group and Year level.
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APPENDIX B

Distribution of age in months for the three language groups. Each circle represents one child
(bilinguals: n=50; L1-English: n=58; L1-Greek; n=66).
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APPENDIX C

Parental questionnaire used to obtain background information on the bilingual children’s home

and school environments.

Questionnaire for Parents

PART A:
PARENTS’ LANGUAGE ABILITY & USE

Al Which language or languages do you speak with these people? (Please tick the
boxes!)
both
English mor_e languages more Greek
only English equally thap Greek only
than Greek English
often
With my partner | 0 0 0 0 0
speak
With my child | speak [ U [ U [
With Greek relatives
and friends living in O U [ U [
the UK | speak
With other Greek
speaking people living [ U [ U [
in the UK | speak

A2 Do you use any dialect at home? If so, which one?
A3 How would you assess your language skills in Greek? (Please tick the boxes!)
I can... not at all a little | adequately well very well
... understand Greek when | hear
other Greeks speaking to one L] (] L] Ll Ll
another.
... understand G_If{e/ek when | watch O O 0 O O
... speak Greek U O U U [
... read Greek L] (] L] ] ]
... write Greek U ] U U ]
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A4 How would you assess your partner’s language skills in Greek? (Please tick the

boxes!)
He/she can... notatall | alittle | adequately well very well
... understand Greek when he/she
hears other Greeks speaking to one O O O ] Ol
another.
. understand Greek when he/she 0 0 0 0 0
watches TV
. speak Greek ] ] Ul Ul Ul
. read Greek ] ] O O O
. write Greek Ll Ll L] O O

A5 How would you assess your language skills in English? (Please tick the boxes!)

I can... notatall | alittle | adequately well very well
... understand English when I hear
others speaking English to one O O O ] Ol
another.
... understand English when |
watch Tg\/ = = - = =
... speak English [ [ U U U
... read English O O O ] ]
... write English ] ] Ul Ul Ul

A6 How would you assess your partner’s language skills in English? (Please tick the

boxes!)
He/she can... notatall | alittle | adequately well very well
... understand English when he/she
hears other English people (] (] U] ] ]

speaking to one another.

... understand English when he/she

watches TV = = = = =
... speak English [ [ U U U
... read English O O O O ]
... write English [ [ U U U

A7 Do you know any other languages apart from English and Greek? [1Yes [INo

A7.1 If so, which one(s)?

A7.2 Do you use these languages at home with your family members? IYes [1No

A7.3  If so, with whom?
L1 with your parents (if they live with you) LI with your partner
1 with your siblings (if they live with you) [ with your children
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A8 Does your partner know any other languages apart from English and Greek?
LJYes [JNo
A8.1 If so, which one(s)?

A8.2 Does he/she use these languages at home with family members? 1Yes [1No

A8.3 If so, with whom?
L1 with his/her parents (if they live with you) 1 with you
LI with his/her siblings (if they live with you) LI with your children

PART B:
YOUR CHILD’S USE OF DIFFERENT LANGUAGES

B1 As far as you know, your child’s friends are:
1 mainly children with Greek parents
1 mainly children whose parents are from the UK
L1 mainly children whose parents come from other countries (not from the UK)

1 mainly children whose parents are from the UK and children whose parents are from
other countries

B2 Which languages does your child use with these people? (Please tick the boxes!)

more both more
. English | English | languages | Greek Greek
My child speaks... o?ﬂy thgan quual?y than only
Greek | frequently | English
...with me Ul Ul Ul O ]
...with my partner O U U U [
...with his/her brothers and sisters U] U] Ul Ul ]
...with other children from Greece Ul Ul Ul Ul ]
...with  other Greek speaking
relatives and friends who live in the U O O O ]
UK
...with other Greek speaking adults
who live in the UK P ’ = - - - =

B3 When you address your child in English and the child replies to you in Greek, you
continue the conversation in:
L] Greek L1 English [J not applicable

B3.1 When you address your child in Greek and the child replies to you in English, you

continue the conversation in:
L1 Greek L1 English (1 not applicable
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B4 Where has your child attended primary school so far?
1 Greece, If so, since what age?
for how long?
which grades?
which language was mainly used at school?
] UK, If so, since what age?
for how long
which grades?
which language was mainly used at school?

B5 Does anyone help your child with his/her homework? [(1Yes [INo

B5.1 If so, who is this person?

1 me [J my partner ] older brother or sister [] someone else

B5.2 Which language is used when helping your child with homework?

1 mainly English 1 mainly Greek 1 both languages

B6 Does your child use a computer at home? [(1Yes [INo
[If so, please answer the questions below]

B6.1 If yes, how many hours per day does your child spend on the computer hearing or
using a language, e.g. playing games, exchanging messages (email, chat), reading
websites, watching videos or listening to songs? (hours per day)

B6.2 Which language(s) does your child use / read / hear on the computer, in general?

not at all rarely sometimes often very often
Greek ] O ] ] O
English U [ U U [
another language;
If so, which one? O O O O O

B7 How often does your child communicate in different languages every day (in
various circumstances)?
not at all rarely sometimes often very often
in Greek O ] ] O O
in English U] L] L] ] O
in other languages U U U O U
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PART C:
ACQUISITION & DEVELOPMENT OF YOUR CHILD’S LANGUAGE ABILITY IN
GREEK AND PARENTAL EFFORTS IN TERMS OF THE DEVELOPMENT OF
GREEK

C1l How would you assess your child’s language skills in Greek?

My child can... notatall | alittle | adequately well very well
... understand Greek when he/she
hears other Greeks speaking to one Ul ] Ul Ul Ul
another.
... understands Greek when he/she
watches TV = = - = =
... speak Greek U O O ] ]
... read Greek L] (] U] ] ]
... write Greek U ] O U U

C2 Does he/she also use English words when speaking Greek?
1 almost never Ul rarely 1 sometimes L1 often 1 almost always

C3 How old was your child when s/he first came to regular contact with the Greek
language? (Choose the answer that most closely matches your situation. First tick the
boxes on the left and then select or provide the reason why.)

L1 newborn
L1 because you spoke Greek as well as other languages to him/her
[ because you only spoke Greek to him/her
L] because:
[ between 1 and 3 years:
] because you started speaking Greek to him/her
[ because childcare was provided by Greek speakers
[ because:
L] after 4:
[ because you started speaking Greek to him/her
1 because he/she went to a Greek kindergarten
L] because:
L] after 6:
[ because this is when he/she came to Greece

] because he/she went to a Greek school for the first time
] because:

C4 Were there periods during which your child did not have contact with the Greek
language since he/she began to use it? ] Yes 1 No

C4.1 If so, please indicate at what age this happened and for how long.
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C5

C6

C6.1

C6.2

C6.3

C6.4

C6.5

C7

Cc8

C8.1

From how many different people does your child hear Greek? (Please tick the
appropriate box(es))
[ teachers [ classmates L1 relatives L1 family friends U1 friends

Do you try/ Have you tried to help your child learn Greek or improve his/her
Greek? [JYes [JNo

If so, tick the appropriate box(es) :

L1 We always try or tried to speak Greek to him/her.

[J We make sure or made sure that he/she watches Greek TV programs, etc.
] We read Greek books to him/her or we used to, when he/she was little.
1 We make or made sure that he/she reads Greek books.

L1 We help or helped him/her with his/her homework.

1 He/she has or had additional lessons in Greek.

1 Other:

If your child attends or has attended additional lessons in Greek, please tick the
box that explains how this was done.
1 My child has or has had additional private Greek lessons.

L1 My child attends or has attended additional Greek classes at school.

If your child takes or has taken additional lessons in Greek at home or in school,
please state the length of those lessons:

o since/for years or

o since/for months.

How often does or did he/she attend these lessons?
The lessons take/took place times a week and last/lasted minutes.

If your child attends or has attended additional Greek lessons, why have you
chosen this particular way of support?

How does or did your child react to your efforts to help him/her learn Greek?
U very negatively [ negatively [ indifferently [ positively [ very positively

Is it important for you that your child knows Greek ?
O notatall [Jalittle [ quite important [ very important [ absolutely

Why? (Please state the most important reasons)
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PART D:

ACQUISITION & DEVELOPMENT OF YOUR CHILD’S LANGUAGE ABILITY IN
ENGLISH AND THE PARENTAL EFFORTS IN TERMS OF THE DEVELOPMENT OF

ENGLISH
D1 How would you assess your child’s language skills in English?
My child can... notatall | alittle | adequately | well very well
... understand English when he/she
hears others speaking to one Ul Ul ] ] Ul
another.
... understand English when he/she
watchgs TV. = = = = =
... speak English U O O O ]
... read English L] U] (] ] ]
... write English U U O O U
D2 Does he/she also use Greek words when speaking English?
1 almost never U1 rarely [1 sometimes L1 often 1 almost always
D3 At what age was your child's first regular contact with the English language?
Choose the answer that most closely matches your situation.
L] newborn
L] because you spoke English as well as other languages to him/her
[ because you only spoke English to him/ her
[ because:
L] between 1 and 3 years:
[ because you started speaking English to him/her
1 because childcare was provided by English speakers
[ because:
L] after 4:
[ because you started speaking English to him/her
[ because he/she went to a English kindergarten
[ because:
L] after 6:
[ because you started speaking English to him/her
L1 because he/she went to a English school for the first time
[ because:
D4 Were there periods during which your child did not have contact with the English
language since he/she began to use it? ] Yes 1 No
D4.1 If so, please indicate at what age this happened and for how long?
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D5

D6

D6.1

D6.2

D6.3

D6.4

D6.5

D7

D8

D8.1

From how many different people does your child hear English?
[l teachers [ classmates [ relatives 1 family friends L1 friends

Do you do /have you done something to help your child improve his/her English?
[JYes [JNo

If so, tick the appropriate box(es).

[J We always try or have tried to speak English with him/her.

] We make sure or have made sure that he/she watches English TV programs, etc.

1 We read or have read English books to him/her or we used to, when he/she was little.

[ We make sure or have made sure that he/she reads English books.

[L1We help or have helped him/her with his/her homework.

1 We provide or have provided him with additional English lessons.

L1 Other:

If your child attends or has attended additional English lessons, please tick the box
that explains how this was done...

1 My child has or has had additional private English lessons.

1 My child attends or has attended additional English classes at school.

If your child takes or has taken additional lessons in English at home or at school,
please state the length of those lessons:

o since/for years or

o since/for months.

How often does or did he/she attend these lessons?
The lessons take/took place times a week and last / lasted minutes.

If your child attends or has attended additional English lessons, why have you
chosen this particular way of support?

How does or did your child react to your efforts to help him/her learn English?
[] very negatively L] negatively [ indifferently [ positively [ very positively

Is it important for you that your child knows English?
L notatall [ alittle O quite important [ very important [ absolutely

Why? (Please state the most important reasons)
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PART E:
YOUR CHILD’S KNOWLEDGE & USE OF OTHER LANGUSGES

El Does your child hear another language in the family? [J Yes 1 No
E1.1  If so, which one(s)?
E1.2 Who speaks this language / these languages in the family?
1 me 1 my partner [ both parents [J grandparents ] siblings
E2 How well does your child know this language?
My child can... notatall | alittle | adequately | well very well
understand_ when he/she hears 0 0 0 0 0
others talking to each other
... understand when he/she watches 0O O 0 0 0
TV
... speak U O U U U
... read U 0 L] ] ]
... Write U [ U U U

E3

E3.1

E3.2

E4

E4.1

E4.2

E4.3
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Does the child attend courses in other languages besides Greek and English?
(] Yes 1 No

If so, which one(s)?
] German L1 French ] Spanish L] Italian L1 other:

How many hours per week?

Has the child lived in another country apart from Greece and the UK?
L Yes J No

If so, in which country and for how long?

Did he/she attend school in this country? ] Yes 1 No

If so, for how long?




F1

F2

F2.1

F2.2

F3

F3.1

F3.2

F4

G1

G2

G3

G4

G5

G6

PART F:
DIFFICULTIES WITH YOUR CHILD’S LANGUAGE DEVELOPMENT

Does your child have a hearing problem or has he/she ever had one?
[J Yes ] No

Does your child have problems with the languages that he/she speaks or has he/she
ever had any (e.g. difficulties with the pronunciation of sounds or words)?

[J Yes ] No
If so, in which language? L1 English 1 Greek 1 both

Can you describe these problems?

Does your child have any reading or writing problems or has he/she ever had any?
L] Yes J No

If so, in which language? L1 English L1 Greek 1 both

Can you describe these problems?

Is there anything that you would like to add or let us know about?

PART G:
DEMOGRAPHIC INFORMATION

You are: ] female ] male

Apart from you, how many adults in your family help to raise your child?

You are: [ 25-35years old (1 36-45 years old L1 over 45 years old

Your partner is: [1 25-35years old [ 36-45 years old [ over 45 years old

Where did you grow up?
] inthe UK [ in Greece [ in both countries [ if elsewhere, where?

Where did your partner grow up?
] inthe UK [ in Greece [ in both countries [ if elsewhere, where?
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G7 How long have you been in the UK?

[ since birth [11-2years [13-5years [16-9years [ over 10 years

G8 Where were your parents born?
] inthe UK [ in Greece [ in both countries [ if elsewhere, where?

G9 Where do your parents live?
O inthe UK O in Greece [ in both countries [ if elsewhere, where?

G10 How long has your partner been in the UK?

[ since birth [11-2years [13-5years [16-9years [ over 10 years

G11  Where were your partner’s parents born?

Jinthe UK [ in Greece [ in both countries L1 if elsewhere, where?

G12  Where do your partner’s parents live?

Ointhe UK O in Greece [ in both countries 1 if elsewhere, where?

G13  Inwhich country did you attend the following levels of education:

UK/USA | Greece other
country | nowhere
Primary Education O U [ U
Compulsory Secondary Education U] L] (] O
Upper Secondary Education U U [ U
Professional training O ] O O
Tertiary Education Ul Ul ] Ul

G14 In which country did your partner attend the following levels of education:

UK/IUSA | Greece | OMe'
country | nowhere
Primary Education Ul Ul ] Ul
Compulsory Secondary Education O O ] O
Upper Secondary Education Ul Ul ] Ul
Professional training U U ] O
Tertiary Education Ul Ul Ll Ul

G15 What is your job?

G16  What is your partner’s job?

G17 How long are you planning to stay in the UK? Choose the answer that suits you:

(1 no more than one year
[ 2 to 3 more years

1 4 to 5 more years

1 as long as possible

[ don’t know yet
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G18 How many children do you have?

G19 How old are they?
G20  When was born? (Day/Month/Year)

G20.1 Where was he/she born?
] in Greece [ in the UK O if elsewhere, where?

G.20.2 If not born in the UK, how old was he/she when he/she came to this country?

Thank you very much for your help and cooperation!
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APPENDIX D

Two example items from the Coloured Progressive Matrices test (Raven & Court, 1998). The
correct answer for item A8 on the left is 2 and the correct answer for item A12 on the right is 5.

A8 Al2

+ S
+ -

—
mms
i
=
E/

T
s
oy
T
i

= e
B
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APPENDIX E

Three example items and full list of the 50 items of the Renfrew Word Finding Vocabulary

Scale (Renfrew, 1995).

NNNNNNRRRPRRRRRRRR
O b WOWNPFP OO NO Ol WNPFP O

© O N UAWN R

cup
key

. window
. moon
. finger

snake
kite

. duck

. clown

. crocodile/alligator
. helicopter

. kangaroo

. dice

. snail

. scarecrow

. (coat) hanger
.owl

. arrow

. guitar

. camel

. watering can
. mermaid

. caterpillar

. map

. drill

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.
48.
49.
50.

necklace
jewels/jewellery
sleeve

cuff

violin

bow
binoculars
pineapple
lighthouse
vegetables
parachute
magnet
anchor
beehive
igloo

screw
microphone
saddle
spanner
aerial/antenna
racket

sling
compass
thermometer
steeple/spire
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APPENDIX F

List of the 50 items of the Greek version of the Renfrew Word Finding Vocabulary Scale

(Aoxwacio Exkppaotikod Ag&hoyiov; Vogindroukas et al., 2009) and their English translations.

O 0 3 N LD W IN

—_ = = = = = =
~N N kWD —= O

18.
19.
20.
21.

22

. KAedi

ot

. PEYYapL

. KpELAoTpO

. Tapabvpo

. KAOovv

. YOPTOETOG/ 0ETOG
. TamoL

. pmAovla

. povikt

. KiBdpa

. Lapa

. GOMYKAPL

. EMKOTTTEPO

. KOUKOLBAGY10
. yopyova

. KpokOdehoc/

oAAydTOpOg
ddyToro
KopmAa
KléAto
KOyKoOvpo

. TOTIGTAPL
23.
24,
25.

KOALE
Bérog
UIKPOP®VO

key

snake

moon

(coat) hanger
window

clown

kite

duck
pullover/jumper
sleeve

guitar

dice

snail

helicopter

owl

mermaid
crocodile/alligator

finger

camel
binoculars
kangaroo
watering can
necklace
arrow
microphone

26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

43

poakéto
Oepuopetpo
oMoVt
dyKvpa
céha
ovovag
TPLTTAVL

A OVIKA
Bida
XGPS
PloAl
Kepaio
oKldyTpo
KOG LLOTOL
pHoyving
YOAAKO KAEWI/KAPoVPOC
Képmo

. oAe&inTtmTo
44,
45.
46.
47.
48.
49.
50.

9apog

mu&ida

1yKA00

KOWEA
vapOnkac/enideciog
do&apt

TPOHAOG

racket
thermometer
cup

anchor
saddle
pineapple
drill
vegetables
screw

map

violin
aerial/antenna
scarecrow
jewels/jewellery
magnet
spanner
caterpillar
parachute
lighthouse
compass
igloo
beehive
sling

bow

dome
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APPENDIX G

List of the 30 sentences and target structures of the English SRT (Marinis & Armon-Lotem,

2015).
1. They are eating the bananas in the park. SVO + 1 auxiliary/modal
2. What did the princess buy last month? object questions
3. The cow was kicked in the leg by the donkey. long actional/non-actional passives
4. He will feed the cow before he waters the plants. sentential adjuncts (adverbial)
5. The children enjoyed the sweets that they tasted. object relatives (right branching)
6. The mum baked the meal that the children are object relatives (right branching)
eating.
7. Which picture did he paint at home yesterday? object questions
8. The policeman has been looking at us. SVO + 2 auxiliary/modal
9. The children were taken to the office. short actional passive
10. The people will get a present if they clean the house.  sentential adjuncts (conditional)
11. The boy that the milkman helped has lost his way. object relatives (centre embedded)
12. The kitten could have hit the ball down the stairs. SVO + 2 auxiliary/modal
13. Which drink did the milkman spill in the house? object questions
14. He was pushed hard against the ground. short actional passive

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.

29.

She went to the nurse because was sick.

He should wash the baby that the child is patting.
What did the father cook in the evening?

The boy must sweep the floor in the kitchen.

If the kids behave we will go into the garden.
She was stopped at the big red lights.

The mother was followed by the girl.

They have been riding the goat around the garden.
Who have they seen near the steps?

The bee that the man swallowed had hurt him.
Who did the monkey splash near the water?

He wouldn’t have brought his friend if she was nasty.

She was seen by the doctor in the morning.

The horse that the farmer pushed kicked him in the
back.

She can bring the glass to the table.

30 The child ate breakfast after he washed his face.

sentential adjuncts (adverbial)
object relatives (right branching)
object questions

SVO + 1 auxiliary/modal
sentential adjuncts (conditional)
short actional passive

long actional/non-actional passives
SVO + 2 auxiliary/modal

object questions

object relatives (centre embedded)
object questions

sentential adjuncts (conditional)
long actional/non-actional passives
object relatives (centre embedded)

SVO + 1 auxiliary/modal
sentential adjuncts (adverbial)
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APPENDIX H

List of the 32 sentences and target structures of the Greek SRT (Marinis
2015) and their English translations.

& Armon-Lotem,

1. H untépa €Rale Tic pmAovleg TV KOPITGIOV GTO UTOAKOVL.
“The mother put the girls’ blouses on the balcony.”
2. O Loypdpog BEAeL Vo unv TLAVOLV 01 GIAOL TOL TOVG TIVAKES TOV.
“The painter does not want his friends to touch his paintings.”
3. Tov kagé Tov fmie PlacTtikd o Tarmovg x0eg 6To Kapeveio.
“The grandfather drank his coffee in a hurry in the café yesterday.”
4. O YopevuTn¢ mPE TNV OUTPEAAL TOV Kol TEPTATNGE 0TN dvvath Ppoyn.
“The dancer took his umbrella and walked in the heavy rain.”
5. O mozmdg EPAene TOAAY ®pa TOVG ToLPioTEG TOL drPalay Tig TVOKIdES.
“The priest was watching for a long time the tourists who were reading the
signs.”
6. Exoye 10 ayyolOpt 0pod Kabdpioe KoAd [LE VEPO TIG VIOUATEG.
“He/she cut the cucumber before he/she washed the tomatoes thoroughly with
water.”
7. H daokdra dev elvar oiyovpn oo Piiio diaPace n podntpia.
“The teacher is not sure which book the pupil read.”
8. O aoTtuVOUOG €108 TNV KOTEL TTOV TOV €iyE TOVANOEL £va TAYMTO.
“The police officer saw the girl who had sold him an ice-cream.”
9. O tovpiotag EEyaoe TOV 00NYO TOV SIAKOTMV GTO GTITL.
“The tourist forgot the travel guide at home.”
10. O wpomovntig dev eAmilel va kepdiceL 1) OHAdH TOV CTUEPA.
“The coach hopes that his team won’t win today.”
11. O yewpydc tov pOTEYE TOV KNTO TOL Beiov oL pe UIKPEG KEPATIES.
“The farmer planted my uncle’s garden with little cherry trees.”
12. H payeiptoco onkmoe to Biprio g kot 1o EBaie 610 cuptdpt.
“The cook picked up her book and put it in the drawer.”
13. H yury1d Bopdtav 011 og autd ta pépn metodoay mepiepyo mTovd.
“The grandmother remembered that strange birds used to fly in these places.”
14. O 6aoK0A0G TYE KIVNUATOYPAPO EVD TPOTILOVOE Vo, Ttaiet Kifdpa.
“The teacher went to the cinema although he preferred to play guitar.”
15. Mévo o actuvopog yvapile Tt EKAeyay amd T0 GoAOVL Ol ANGTEG.
“Only the police officer knew what the burglars stole from the living-room.”
16. Ot epnuepideg ypapovv TOALA Y10 TOV ANGTY| TOL EMLOGE 1) AGTLVOLLIOL.
“The newspapers write a lot about the burglar who the police caught.”
17. O pavapng modAnoce Tic ®PLUEG PPAOVAES GTNV AyOPA TOAD GONVAL.
“The greengrocer sold the ripe strawberries cheaply at the market.”
18. O abAntg eAmiCel 0 avtinaAdg Tov vo Unv KePSIGEL TOV AyDVA.
“The athlete hopes his opponent won’t win the competition.”
19. Tnv tavia v €ide y1eC 0 SACKAAOG LLE TOVG LOONTEC GTO GLVEUA.
“The teacher watched the movie with his students at the cinema yesterday.”
20. O podnmc aydpace popKaddpovg Kot 0 GIAOC TOL TTHPE LoAVPLa.
“The pupil bought markers and his friend got pencils.”

SVO
Negation
Clitic left
dislocation

Coordination

Relative clause

Adverbial clause

Wh- complement
clause
Relative clause

SVO

Negation

Clitic doubling
Coordination
Complement
clause

Adverbial clause
Wh- complement
clause

Relative clause
SVO

Negation

Clitic left

dislocation
Coordination
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21. Ot paBntpieg Exiaryay mov o d1evBvVTNG TOVANCE TOV TIVOKA TOVC.
“The students were crying because the headmaster sold their painting.”

22. O yeitovag ayopaoe TO AVTOKIVITO TPV TOVANGEL TO UIKPO GTiTL.
“The neighbour bought the car before he sold the little house.”

23. O wpomovntig pdTNnoe Tov afANT TL HYOG EiYE O TATEPAG TOV.
“The coach asked the athlete what his father’s height was.”

24. H xaBapiotplo kKAdTOoNGE TN VOGOKOUA TTOV PyfKke amd TO YpapEio.
“The cleaning lady kicked the nurse who came out of the office.”

25. Ot odnyot donoav Toug emPatec TV Ae®POPEI®V GTNV EMOUEVN GTACT.

“The drivers left the bus passengers at the next stop.”
26. O pdyepag dev mpotetve va ynbei To yapt 6to povpvo.
“The cook did not suggest that the fish be cooked in the oven.”
27. To xopitol v évtuce TNV KOOKAN TOV e OLLOPPO POPEUATO.
“The girl dressed her puppet with beautiful dresses.”
28. H popd poyeipeye poxapovia Kot 1 yioyd éetiaée pio mita.
“The mother cooked spaghetti and the grandmother made a pie.”
29. O1 vocokopeg eimay 0TL 1) TTNGT TOL YiaTpob Exel Kabvotépnon.
“The nurses said that the doctor’s flight is delayed.”

30. Otav to oyoleio £kheloe To KOAOKAIPL, TO TOUOIE ETPEYAY GTOVG SPOLLOVG,.
“When the school closed for summer, the children were running in the

streets.”
31. H metadovda pdtnoe m péMoca tL 0o popovse 6T YLopTh.
“The butterfly asked the bee what she would be wearing at the party.”
32. O tlitlwkag duaPale Eva Biprio mov Eypaye o factidg e (ovykloc.
“The cicada was reading a book that the King of the Jungle wrote.”

Complement
clause
Adverbial clause

Wh- complement
clause

Relative clause
SVO

Negation

Clitic doubling
Coordination
Complement

clause
Adverbial clause

Wh- complement
clause
Relative clause
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APPENDIX |

The four model stories used in the story re-tell task in English and Greek.

Story A2

One day a happy giraffe boy and a playful elephant girl went out to the nearby swimming-pool.
Elephantina noticed a diving board from which they could dive as many times as they wanted.
But neither of them saw the sign that said "NO RUNNING!"

Not wasting any time, Elephantina decided to start a competition by saying "Let's see who will
be there first!"

Mia uépa pio yopoduevy Kounlomeapoorn oyopoki , 0 KOUNAOTGPOOANS, Kol Uia TOLyVIOLGpa.
elepavtivo, mpyav Poita oy miciva ¢ yertovidg tovg. H elepavtiva auéows mpooede uio
oavioo, OmO TNV OTolo. UIopPovoay Vo, Kavovy moAlés fovtiés. Kavelg tovg ouws dev eide
TouméLa Tov Eypope "unv tpéyete”.

T vo. un ydoovv ypovo n elepavtiva amopdoioe vo. CEKIVAGEL TO TOLYVIOL A&yovias oTov
Kounlomapoorn "Ag dodue morog Oa. pracer mo ypnyopa. oty govioo! .
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They set off with Elephantina in front and Giraffo following her.
When Giraffo tried to reach her, Elephantina slipped and fell. Giraffo was frightened, when he
noticed that she had hurt herself and burst into tears.

Fexivnoav 1o tpelyuo e v eAepavtiva umpootd, kol T0V KoUnAomopooin va tyv axoAovdet.
Orav o kounlomdpdoins mpoomabovoe vo ) @tdoet 1 elepaviivo, yliotpnoe kol Emeoce.
O pofiouévog KopnAomapooings eide 0Tl AT TOVOVOE Kol EKAOLYE.

A lifeguard elephant noticed them and came up to them to see what their problem was.

With tears in her eyes, Elephantina explained to him what had happened. After having
examined the wound, the lifeguard put a band-aid on it, while her concerned friend was
watching.

Evog eAépovtas vavayoomotng Tovg E10E Kol TANCIOoE TPOS TO UEPOS TOVS VIO, VO, OEL TTOLO HTOV
70 TPOPANUAL.

H elepovtiva tov eénynoe klotyoviag i oovefn. O vovoyoowotns apod elétace v TANYN TS
¢ éfale évo Topoto, kabws o avijovyos pilog s maparolovBoioe yovatioTog.
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After that, they helped her to walk over to a bench to relax. Her friend, Giraffo, was relieved
and glad that his friend looked better.

As soon as her friend had left, the lifeguard frowned at Elephantina and pointed to the sign that
said "NO RUNNING!" and told her that she should be more careful next time. She promised to
do so and thanked him for his help.

Auéowg ™ Ponbnoov vo. mepmatioer uéypt 1o moykdkl yio, vo, Cexovpaotel. O @ilog ¢ o
KOUNAOTAPOOANG AVOKOVPIOTHKE KoL YGPNKE TTOV 1] YIAN TOV QOIVOVIOY KOADTEPO.

Molig époye 0 pilog TS, 0 VawOyoomaTnS Koitole TNV elepovtiva avatnpa kol e E0elle TRV
mvakioo wov ypape "unv péyxete’ kot e ime 0Tl TV EMOUEVH Popa. Ba mpémel va. givar o
rpooeytiky. Exeivy tov to vmooyédnke kou tov evyapiotnoe yia t fonbeia tov.

Story A3

One day, a playful giraffe boy and a cheerful elephant girl who were friends met at the nearby
swimming pool. Elephantina saw that her friend was holding a small toy airplane.
As he was playing with it, his friend was watching him with admiration.

Mia pépa pio mayyvidiapa kKounAomepooln ayopakl, o Kounlomapooins koi uio  yopovuevy
elepavtiva, mov eivair pilol cvovavtibnkoy oty moive kovid, oto omitt Tovs. H edepavtiva &ide
OTL 0 PIAOG THS KPOTODOE OTO YEPT TOV EVOL AEPOTAOVAKL.

Enoile ue to ogpomhavaxi, kobwg n piln tov 10V Koltale EVIDTWTINOUEVY.
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At some point, Elephantina became jealous, because she also wanted to play with the toy. So
she decided to take it away from him. Her friend cried: "Oh no! Why did you take my toy? "
When Elephantina kept on playing with it, the plane accidentally fell into the water. Giraffo was
sad, because he thought that the toy was ruined.

H elepovtiva kamora otiyun (Hleye yati nleie kou oot vo wailel pe avto. Amopaocioe vo, 00 10
oprolel ouéows. O kauniomopoolns pawvale: ""Qy! oyi, yroti nov Tnpeg to maryvior oo, "
Eva n edepavtiva oovéyile va mailel, to agpomAavo s émeoe koo Adbog uéoo oto vepo. O

KOUNAOTAPO0ING OTEVOYWPNONKE, YIOTI CKEPTHKE OTI TO TOLYVIOL TOV YOAACE.

He became so angry that he started shouting at his friend, while she kept looking at him in fear.

Obuwaoe 1660 TOAD, TOL dpyice vo pwvalel dvvoare oty @iln tov. Exeivy tov koitovoe
TDOUOYUEVY.
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Suddenly, another elephant who had noticed what had happened appeared and wanted to help
them. Elephantina went up to him.

She asked him if he had an idea of how to fetch the plane from the water, while Giraffo
anxiously watched his toy sink.

Exeivy v opa supaviotnke évag dliog elépavtag, mov mpooele 11 ovVvERN Kair BéAnoe vo. Tovg
PonOnoer. Auéows n elepovtiva TAnoiaoe Tpog To UEPOS TOL.

Tnv id10. wpa tov {HTnoe vo. fpovv Evav Tpomo yio, va. fydAovy 1o 0EPOTAAVAKL Ao TO VEPOD, EVA O
KOUNAOTIOPOOINS KOITOVGE LE aymwVia, Tov To TaLyviol tov fobiloviay.

The two friends watched the elephant lean over as he was trying to pull the plane from the
water, but in vain.

He explained that the plane was too far away and that he could not reach it. In the meantime,
Giraffo had started to cry and Elephantina realised that she had made her friend unhappy.

O1 dbo @ilor koitoboav tov elépovia mov éoxvfe koi mpoomabodoe vo tpafnlel udroia o
0EPOTTAOVAKL OTTO TO VEPO.

Tovg elnynoe om 10 oagpomiaviki eivou moAD uokpid. kor dgv pmopel va 1o @tacel. O
KOUNAOTAPO0ING auéows Efale T KAGUOTO, EVE 1] EAEPOVTIVA GKEPTOVTIAY OTI EKAVE TOV QIO THS
va. oTevoywpnoei.
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Then, suddenly, a clever lady elephant who had been nearby came up to them. She had decided
to help them and approached them with a net in her hand.

She started to fish the toy airplane from the water, while the others were watching with
excitement.

FEapvika uia é€vmvny koplo. elepovtiva, mov Ppiokovioy kel KOVIG oKépTRKE vo. Tovg fonbnoet.
Ero1 mhnoiaoe kpotavrag Eva dlyTo aTo YEpI.
Apyioe vo, tpafdet 1o agporAaviki, kabwg¢ o1 vroioiror mopoxoiovbodoay yapoduevor.

As soon as the lady elephant got hold of it, she gave it to Giraffo, who was very glad about this.
So, in the end, both friends were happy again. Giraffo had his toy back and Elephantina saw
that her friend was happy again.

Molig i kopio elepovtiva to mpe, TO E0WGE TTOV KOUNAOTAPOOAN, YEUILOVTAS TOV e XOpPO.

O1 ovo gitor frav mali yopovusvor. O KounAOTapPOains eiye t0 maiyvidl 100 Tiow KoL 1
elepavtivo ide tov pilo e Cava yapoduevo.

233



Story B2

One day, a playful dog and a happy rabbit met in the forest. Since they had decided to have a
picnic together, they had both brought a basket with food.

They were hungry and immediately sat down to eat. While Doggy was taking a sandwich from
her basket she was surprised to see that her friend was unpacking many things from his basket
and was beginning to eat greedily.

Mia pépa pio moryvididpa orvlitoo Koi Evag yopovuevos Aayos covavinOnkayv oto ddoogs. Emeldn
eLyay amopaoioel vo, kavovy woll TKVIK, Elyav pePEL Kot o1 000 amo Evo, Kadobakt ue poynTo.
Kabwg nrav mevaouévor kabioav vo, pave. Otav i oxvlitoa éfyole omo 1o kolabdxt s éva
OAVTOVITS, TOPOTHPNGE UE EKTANEN oV gilo TS vo. fyalel éva owpo mpayuato. amd 10 Oko T0D
Kalabh ko va to katafpoybiler ue layopyio.

Astonished, she noticed that her friend devoured everything within no time.
It didn’t take very long before he started to complain: "Help, I feel sick and my stomach hurts!
Do something".

Exminkry, €ide, 0t1 0 pilog ¢ péoa o€ Aiya JemTa. iye pael Ol To. POYNTA TOD.

Aev wépaoe moAd wpa ko TS Aéet ue mopamovo: "Bonbeio! Zalilouai kxair movdegl to aToudyt 1o,
Kave kot
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A@fa 1@% )

The dog wanted to help him and decided to run off to find someone who could help her friend.
Luckily, she found a rabbit doctor on the road and was relieved.

While she was leading the doctor towards her sick friend who was still in agony, she explained
the whole story. The doctor told her to calm down and promised her to help him.

H oxvlitoa 70ele va tov fonbnoer kou amopdaioe vo. tpécel va fpel kamoiov yia. vo. fonBnoer tov
pilo ™. T'to kaAn s toxn, Ppiike wio Aayovoive. yioTpo oTto dPOUO Kol YOPHKE.

Eva avtip pafovae t yiotpo mpog tov {otiouévo gilo g, mov Ppickovioy axoua o€ oywmvia,
™m¢ eCnynoe oln v wotopia. H yiotpos e {fthoe va npeunoel kou s vmooyédnke ott Oa tov
Ponbnoer.

Without wasting time the doctor examined Bunny to see what the problem was.

Straight away, she realized that he had eaten too much and needed to walk a bit to feel better.
While they were walking, he slowly started to feel better. The doctor advised him not to eat that
much in the future.

Doggie was watching them walk and she was relieved that she had helped her friend. In the
end, everybody was happy.

My yévovrag ypovo n yiotpog eéétaoe Tov Aayo, yia vo. o€l T giye walbel.

Ipnyopa katdlafe, ot eiye mopopdel kor yperdlovioy meEpmaTnue yio. vo. cepovokwoel. Kabwg
TPOYWPOLEOY 0 Layog nTav oloéva kot kaldtepa. H yiatpog tov coufodiewe vo unv tpetl 1000
wolb dAAn popa. H oxvlitoo tovg koitale vo. mepmatave Kol HTov avaKov@iousvy, mov fonbnoe
0V @ilo n¢. Etol oto tédog dlot frav yapoiduevor.
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Story B3

One day a playful dog and a happy rabbit decided to take a walk in the woods. Bunny noticed
that his friend pulled a cart with a beautiful balloon attached to it.

He decided to get the balloon so they could play with it. Doggie explained to him that they had
to untie the balloon first.

Mia yépa pio moayvididpo. okvditoa kar Evag yapoduevog Aayog, mov eival Pilol CKEPTHKOY Va
mave uia folto oto daoos. O layog mpooede 0tL n PiAn ToL TPAfodoE Eva KOPOTOL UE EVOL OUOPPO
UTOAOVI TOV® TOD.

Auéowe anopdoioe va TAoEL TO UTOLOVL, Yio, vo, Toilel ue ) eiln tov. H oxvlitoo ouws tov cine
ot wparta. Oa Empene va. to Aboovv.

While his friend was waiting impatiently, Bunny began to untie it.
But accidentally, the balloon slipped through Bunny’s fingers. Doggy was jumping up to grab
it, shouting: "Oh no! My favourite balloon is flying away!"

O Joyog Eexivnoe) va 1o ADvel, eva 1 pIAN TOV TEPIUEVE OVOTOUOVA VO, CEKIVIGODY TO TOLYVIOL.

Kara Aabog ouwg, 1o umalove Epvye uéoa amo to. yépia tov Aayod. H axviitoa nnonte ynla yia
va. 10 gtaocel, pavalovrog: "Qy oyi! To oyornuévo pov uralovi avefaiver orov ovpovol™
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Doggy was so upset that she started to shout at her friend who looked at her, terrified.

H oxviitoo Gouwoe 1600 mold, mov apyioe vo. pwvaler ovvard otov  @ito e Exeivog v
KOI1TODOE TPOUAYUEVOG.

Just then, the rabbit boy noticed an old rabbit who was holding a bunch of balloons. He thought
that the only way to make his friend happy again was by getting her a new balloon.

As fast as he could, he ran up to the old rabbit and asked him for the most beautiful balloon he
had so that he could give it to his sad friend.

Fapvika 0 Aayog mapatipnoe tov yEPo-Aayo, Tov TOVAODGE VO, GWPO UTOAOVIO. ZKEQTHKE OTI O
HOVOG TPOTOG Y10, VO, YIVEL 1] PIAN TOD YOpPOOUEVY EIVOL VO. THS TAPEL EVO. KOIVODPLO UTAAOVL.

Ooo mio ypiyopo. umopoioe, éprooce 1o Yep0-Aayo kar Tov (HTHOE TO WO OUOPPO UTOAOVL OV
EiYE, Y10 VO, TO dWOEL 0TH AVTHUEVH QPIA TOD.
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The old rabbit wanted money for the balloon. So Bunny turned his pockets inside out, but found
no money. He was sad, because he could not give it to his friend.

Doggy, who had been watching for some time and had seen what had happened, came over to
them. The two friends approached him with a pitiable gaze. But even though they asked the old
rabbit very politely, he wouldn’t give them the balloon.

O yepo-Aayog tov {ntnoe lepta yia 1o umaiovi. ‘Etol, 0 Aayog yopioe tig toémes tov avamoda,
0AAG dev Ppnxe Lepta. XtevoywpnOnke, yioti de Ba umopodoe vo. yapioel to uraiovi oty piln Tov.
H oxvlitoo wov mapatnpodoe omo wpa kot Efleme 11 ovovéfaive minoiaoe mpogs o ekel. O1 ovo
pilo1 oV Koitoboay LvTHUEVOL 0AAG aKOue. Kol OTAV TOV T0 (HTNOOY EVYEVIKG, EKEIVOS JEV TOVG
£01VE TO UTOAOVI.

Luckily, the rabbit boy saw his mother passing by that very moment and hurried to catch her.
He explained what had happened and asked her to help them. His kind mother immediately
agreed to do so.

Tio kaAy tovg Ty o Aayog eide T unNTEPG. TOL VA TEPTOTOEL OTO 0CGO0G KOl ETPECE VO THV
polapfet.

Tne e&nynoe 1t oovéfn (subordination) xai e (jtnoe va tovg Ponbioer. H evyevikn untépa tov
0&yOnke ousowg.
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She gave money to the old rabbit and bought two balloons instead of one, making both friends

very happy.
Now each of them had their own balloon and they were ready to play.

Edwoe Leptd, otov yepo-Layo koi mHpe 000 UTOAOVIOL OVTI Yi0. VO, KGVOVTOS TOVS 00O QIAODG

TOAD EVTUYIOUEVOVG.
O xabévog giye 10 UTalovi Tov Kol 001 HTOV ETOLOL VO, EEKIVIIGOVY TO TOLYVIOL.
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APPENDIX J

Full list of comprehension questions in English and Greek for each of the four stories.

Story A2

Picture Item Question Type

1 1 Who is the story about? factual
INo mowov pkdet 1 wotopia;

1 2 Where are the animals? factual
[Tob Bpiokovtar o {makia;

2 3 What did the elephant girl feel like here? mental state
Tt motedelg g aicOdvetal 1 eEAe@AVTITeO, E6M;

3 4 What did the elephant girl do then? factual
Kot ti v BAénovpe va kavey,

4 5 How did the friends feel here? mental state
[Mog vimBovy edm ot 600 @iloy;

4 6 Why (did they feel like that)? factual
Tati (vidbovv éto);

5 7 What did the lifeguard think here? mental state
T motedelg OTL GKEPTETAL O VOLOYOTMOTNG E0M;

6 8 What did he do then (the lifeguard)? factual
Kot 1t Tov fAénovpe va kavey,

7 9 How did the two friends feel then? mental state
ITog areBavovtat ot dVo eilot,

7 10 Why (did they feel like that)? factual

Tati (aieBdvovat £161);
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Story A3

Picture Item Question Type

1 1 Who is the story about? factual
["a wotov pilder ) 1otopia;

1 2 Where are the animals? factual
[ov Bpickovral ta (oaKia;

2 3 What did the elephant girl feel like here? mental state
T motevels Tog ocddvetal 1 eEAe@avtiton e0M;

3/4 4 What did the elephant girl do then? factual
Kot 1t v BAémovpie va Kavet;

5 5 How did the friends feel here? mental state
[ vimBovy edm o1 dvo eilot;

5 6 Why (did they feel like that)? factual
IMati (vidBovv éton);

6 7 What did the other elephant think here? mental state
Tt moTELEIS OTL OKEPTETAL O AAAOG EAEQUVTAG £OM;

8 8 What did he do then (the other elephant)? factual
Kot 1t kéver tehkd (o Ao eELEQVTOC);

9 9 How did the two friends feel here? mental state
o aedavovtal edm ot dvo eiloy;

9 10 Why (did they feel like that)? factual
IMarti (wsBdvovron £16);

10 11 What did the elephant lady think here? mental state
Tt moTevElC 0TI OKEQTETAL 1) KVPio EAEQPAVTIVO EOD;

11 12 What did she do then (the elephant lady)? factual
Kot 1 kdver tedikd (n kupio edepavtiva);

13 13 How did the two friends feel then? mental state
I aedavovtal ot dvo eilot edwm;

13 14 Why (did the two friends feel like that)? factual

INoarti (usBdvovron £T6);
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Story B2

Picture Item Question Type

1 1 Who is the story about? factual
["a wotov pilder ) 1otopia;

1 2 Where are the animals? factual
[ov Bpickovral ta (oaKia;

2 3 What did the rabbit feel like here? mental state
T motevels Tog aicBdvetatl 0 Aayog e00;

3 4 What did the rabbit do then? factual
Kot 1t kéiver tehkd o Aoyog;

4 5 How did the friends feel here? mental state
[ vimBovv edm o1 dvo eiloy;

4 6 Why (did they feel like that)? factual
IMati (vidBovv éton);

6 7 What did the doctor think here? mental state
Tt moTEVLEIS OTL CKEPTETAL ] YIOTPOG E0D;

7 8 What did she do then (the doctor)? factual
Kot 1t kéverl tehkd (n yrotpog);

8 9 How did the two friends feel then? mental state
g aedavovtal ot dvo eilot;

8 10 Why (did they feel like that)? factual

IMarti (wsBdvovron £161);
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Story B3

Picture Item Question Type

1 1 Who is the story about? factual
INo mowov pkdet 1 wotopia;

1 2 Where are the animals? factual
ITov Bpiokovtar ta (mdxio;

2 3 What did the rabbit feel like here? mental state
T1 motedelg Tog aicfdvetat 0 Aayog e00;

3 4 What did the rabbit do then? factual
Kot 11 kdvel tedikd o Aayog;

5 5 How did the friends feel here? mental state
[Mog vidbBovv edm o1 600 eiloy;

5 6 Why (did they feel like that)? factual
Tati (vidBovv éton);

6 7 What did the rabbit boy think here? mental state
T1 moTtevEIC OTL GKEPTETAL TO AYOPL-AoyOG E0M;

7 8 What did he do then (the rabbit boy)? factual
Kot 1 kével tedkd (to ayopl-Aaydq);

9 9 How did the two friends feel then? mental state
[og aebavovtat ot dvo Ppilot £dw;

9 10 Why (did they feel like that)? factual
Tati (aioBdvovion £161);

11 11 What did the rabbit mother think here? mental state
T1 moTEHEIC OTL GKEPTETAL | LA TOV A0yoU £0M;

12 12 What did she do then (the rabbit mother)? factual
Kot 1 k@verl tedikd (n popd tov Aayov);

13 13 How did the two friends feel like then? mental state
[og aebavovtat ot dvo Ppilot £dw;

13 14 Why (did they feel like that)? factual

Tati (aioBdvovion £161);
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APPENDIX K

List of trials for the digit backwards task.

Practice List Answer Score Span List Answer  Score
(1or0) (1or0)
P1 23 5 21498
P2 54 5 57142
P3 345 5 27463
P4 524 5 95142
5 35826
5 46315
Span
2 27 6 521793
2 59 6 276385
2 31 6 483527
2 97 6 852913
2 46 6 195824
2 84 6 613952
3 814 7 8352941
3 637 7 6319475
3 462 7 5872493
3 259 7 7926193
3 735 7 8524936
3 943 7 9628147
7 8352941
4 2714
4 5273
4 6384 Total number of correct answers:
4 1549
4 9658
4 8162
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APPENDIX L

First card of the RAN with digits.

4 7 8 5 2 3 7 4 3

8 2 5 3 5 7 2 8 4
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APPENDIX M

List of real word and pseudoword items for the English Lexical Decision Task.

Item Status Length Length Frequency
(letters) (syllables)
1 face word 4 1 high
2 king word 4 1 high
3 wood word 4 1 high
4 fish word 4 1 high
5 train word 5 1 high
6 plant word 5 1 high
7 night word 5 1 high
8 river word 5 2 high
9 garden word 6 2 high
10  flower word 6 2 high
11  police word 6 2 high
12 rabbit word 6 2 high
13 monster word 7 2 high
14 Kkitchen word 7 2 high
15  picture word 7 2 high
16  cage word 4 1 mid
17 bone word 4 1 mid
18  soup word 4 1 mid
19  gift word 4 1 mid
20 snail word 5 1 mid
21 truck word 5 1 mid
22 plate word 5 1 mid
23 power word 5 2 mid
24 pepper word 6 2 mid
25  tunnel word 6 2 mid
26  battle word 6 2 mid
27  shadow word 6 2 mid
28  country word 7 2 mid
29  journey word 7 2 mid
30  soldier word 7 2 mid
31 twig word 4 1 low
32 scar word 4 1 low
33 wing word 4 1 low
34 skill word 4 1 low
35  wrist word 5 1 low
36  grape word 5 1 low
37  flame word 5 1 low
38  anger word 5 2 low
39 almond word 6 2 low
40  needle word 6 2 low
41  pastry word 6 2 low
42  target word 6 2 low
43 address word 7 2 low
44  baggage word 7 2 low
45  spinach word 7 2 low
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Item Status Length Length Orthographic
(letters) (syllables) neighbours (N)
46  hars pseudo 4 1 30
47  cale pseudo 4 1 27
48  sare pseudo 4 1 33
49  pake pseudo 4 1 24
50 slank pseudo 5 1 15
51  betch pseudo 5 1 13
52  shate pseudo 5 1 14
53  bolly pseudo 5 2 16
54 barger pseudo 6 2 11
55 sutter pseudo 6 2 13
56  canger pseudo 6 2 14
57  tocket pseudo 6 2 7
58  gooting pseudo 7 2 10
59  cailing pseudo 7 2 15
60  sharter pseudo 7 2 7
61  nisc pseudo 4 1 1
62 lalb pseudo 4 1 1
63  symn pseudo 4 1 1
64  doid pseudo 4 1 2
65  buice pseudo 5 1 1
66  choil pseudo 5 1 2
67  fluth pseudo 5 1 2
68  wigon pseudo 5 2 1
69  tissug pseudo 6 2 1
70 radsin pseudo 6 2 1
71 mencil pseudo 6 2 1
72 virtim pseudo 6 2 1
73 stissor pseudo 7 2 1
74 bisbuit pseudo 7 2 1
75  stopach pseudo 7 2 1
76  smey pseudo 4 1 0
77 pirf pseudo 4 1 0
78  kunx pseudo 4 1 0
79  twup pseudo 4 1 0
80  splum pseudo 5 1 0
81  phrap pseudo 5 1 0
82  vaurd pseudo 5 1 0
83  bryet pseudo 5 2 0
84  clowzy pseudo 6 2 0
85  roifar pseudo 6 2 0
86  peflin pseudo 6 2 0
87  ettcup pseudo 6 2 0
88  acclict pseudo 7 2 0
89  congelb pseudo 7 2 0
90  snophet pseudo 7 2 0
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APPENDIX N

List of real word, pseudoword and non-word items for the Greek Lexical Decision Task.

Item Status Gender Length (syllables) Frequency
1 eMa word fem 2 high
2 o104 word fem 2 high
3 OAEPa word fem 2 high
4 oKAaAQ word fem 2 high
5 Eevitia word fem 3 high
6 TUPKAYLG word fem 3 high
7 Belova word fem 3 high
8 apkoHdo word fem 3 high
9 Tphmelo. word fem 3 high
10 péhooa word fem 3 high
11 wyapdg word masc 2 high
12 @povpdc word masc 2 high
13 Adkog word masc 2 high
14 1ovog word masc 2 high
15  kovnyog word masc 3 high
16  Bovpoopog word masc 3 high
17 xaBpémntng word masc 3 high
18  kavothpag word masc 3 high
19  goivikag word masc 3 high
20  mpiykimag word masc 3 high
21 poMd word fem 2 mid
22 modud word fem 2 mid
23  mamo word fem 2 mid
24 undio word fem 2 mid
25  (oypogid word fem 3 mid
26 oykoMd word fem 3 mid
27  umoviva word fem 3 mid
28  otayova word fem 3 mid
29  dykvpa word fem 3 mid
30  dyvow word fem 3 mid
31  Pvbog word masc 2 mid
32 mnAdg word masc 2 mid
33 «bmog word masc 2 mid
34 d0tng word masc 2 mid
35  0depeog word masc 3 mid
36  mopetog word masc 3 mid
37  aépag word masc 3 mid
38  temnvog word masc 3 mid
39  kavowvog word masc 3 mid
40  O6pogog word masc 3 mid
41  ypobu word fem 2 low
42 covTa word fem 2 low
43 pwoyo word fem 2 low
44 koA word fem 2 low
45  popwdd word fem 3 low
46  mayovid word fem 3 low
47  evbeia word fem 3 low
48  matdro word fem 3 low
49  @pdovia word fem 3 low
50 duada word fem 3 low




51  youog word masc 2 low
52 tpoyodg word masc 2 low
53  diokog word masc 2 low
54  Pryog word masc 2 low
55  metewodg word masc 3 low
56  okeletog word masc 3 low
57  vutipog word masc 3 low
58  yopilog word masc 3 low
59  @dxerog word masc 3 low
60  okiovpog word masc 3 low
61 Qopd illegal fem 2

62  yPnpd Illegal fem 2

63  ytéva illegal fem 2

64  «dita Illegal fem 2

65  plopoud illegal fem 3

66  ocdepatd Ilegal fem 3

67  Apogéva illegal fem 3

68  (puéta Illegal fem 3

69  wydhpua illegal fem 3

70  Prénpa Ilegal fem 3

71 Axopdg illegal masc 2

72 vkoudg Illegal masc 2

73 mikog illegal masc 2

74 xynuog Illegal masc 2

75  prikopog illegal masc 3

76 KUOAETAG Ilegal masc 3

77 pvitipag illegal masc 3

78  tyotipag Illegal masc 3

79  Ckdupevog illegal masc 3

80  Cmovavag Ilegal masc 3

81 omla pseudo fem 2 high
82  ¢tod pseudo fem 2 high
83  otaipa pseudo fem 2 high
84  mpata pseudo fem 2 high
85  otovioMd pseudo fem 3 high
86  ruyovid pseudo fem 3 high
87  mpouméta pseudo fem 3 high
88  tpymida pseudo fem 3 high
89  «ripaxa pseudo fem 3 high
90  «piowva pseudo fem 3 high
91  mToAde pseudo masc 2 high
92  moidg pseudo masc 2 high
93  okdyog pseudo masc 2 high
94  1podvog pseudo masc 2 high
95  ymoTiavog pseudo masc 3 high
96  KAntikog pseudo masc 3 high
97  «kpoothpag pseudo masc 3 high
98  kpoddtng pseudo masc 3 high
99  tpdxoviag pseudo masc 3 high
100 mAdkrtopog pseudo masc 3 high
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101  «hevpd pseudo fem 2 mid
102 oma pseudo fem 2 mid
103 opoya pseudo fem 2 mid
104  «xpéla pseudo fem 2 mid
105 opoimold pseudo fem 3 mid
106  ocplovvid pseudo fem 3 mid
107  «hozeia pseudo fem 3 mid
108  khopida pseudo fem 3 mid
109 Bparela pseudo fem 3 mid
110  tpdovia pseudo fem 3 mid
111 @pooude pseudo masc 2 mid
112 mprypog pseudo masc 2 mid
113 oxovpvog pseudo masc 2 mid
114 Bradog pseudo masc 2 mid
115  opehetog pseudo masc 3 mid
116  BpeoPevtc pseudo masc 3 mid
117  dpogéog pseudo masc 3 mid
118  @robudpyng pseudo masc 3 mid
119  m\déoxomog pseudo masc 3 mid
120 o@tépavog pseudo masc 3 mid
121 dpadid pseudo fem 2 low
122 mpooid pseudo fem 2 low
123 dpéua pseudo fem 2 low
124  omovma pseudo fem 2 low
125  xveldapia pseudo fem 3 low
126 ypoBopa pseudo fem 3 low
127  @lovtiépa pseudo fem 3 low
128  @lovtida pseudo fem 3 low
129  otpovoa pseudo fem 3 low
130  vyAipoxo pseudo fem 3 low
131 ypayuog pseudo masc 2 low
132 y)oiog pseudo masc 2 low
133 yAodvog pseudo masc 2 low
134 umpoicog pseudo masc 2 low
135  ofoyacuog pseudo masc 3 low
136  piefaocpog pseudo masc 3 low
137  Bpopéag pseudo masc 3 low
138  okaociklag pseudo masc 3 low
139  omomeAog pseudo masc 3 low
140  ofiovpog pseudo masc 3 low
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APPENDIX O

List of items of the Single Word Reading Test (Foster, 2007).

1 see 31 medicine

2 look 32 strengthen

3 play 33 source

4  was 34 creative

5 like 35 material

6 this 36 eventually

7 next 37 hygiene

8 house 38 despite

9 going 39 calm
10  bell 40 journalism
11  hang 41 excitable
12 stand 42 dehydration
13  their 43 persuade
14 living 44 aggrieved
15 again 45 originate
16 first 46 courageous
17 slowly 47 atmospheric
18 score 48 familiarize
19 found 49 scenic
20 bread 50 recurrence
21 scream 51 ferocious
22 journey 52 cynical
23 suppose 53 excursion
24 yawned 54 coincidental
25 should 55 abysmal
26  tissue 56 endeavour
27  caught 57 rheumatism
28  stretching 58 haemorrhage
29 tongue 59 liaise
30 copies 60 pseudonym
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APPENDIX P

Pseudowords from Task 1 of the TEST-A (Panteliadou & Antoniou, 2007).

TeMoO

Tpoima

atléro
AaoTpéun
YPEGGIO0VAN
KA®OTPOUTOVKL
AUTPOYEML
Bnoeeiida
dotapd
NKOIGEAAKDTOV
QOUTAENO
yoplokd

13
14
15
16
17
18
19
20
21
22
23
24

TA®YOPAGLATIKOV
yeMlovepng
TOGGEWVAOWOKNG
Adumpevo
glyyaceidopa
oyKpTVOS
Cepdicorv
vOEKA®VO
GTPOVQHAOUTPL
GKALYMUTPA
UTOKTEVSTIKPOUVAG
TELAOVTEL(MG

Real words from Task 2 of the TEST-A (Panteliadou & Antoniou, 2007).

1 dAhog 28 TOVEUTIO T ULIOKOV
2 polL 29 POKOGUALEKTNG

3 Odlocoa 30 KOAATE VLT
4 onafi 31 ELpopLoy®

5 YOUVOC 32 EexapdioThKope
6 YOOEH® 33 EPUPLOCTOG

7 Aewpopeio 34 EKTOLOEVLEVOG

8 Kovpdilm 35 LOYVITOCKOTN O
9 O1KOYEVELQ 36 {Aryyog

10 tCaua 37 GUYKOAVTITELG

11 ®poiog 38 EVOOUATOON

12 VUVOG 39 @oratvodnpikod
13 Bpadialet 40 dloTpopdTmon
14 owomveL LA 41 xnvoPociog

15 TOPOKEILEVOS 42 GOYUOTOTOAEID
16 TAOGTIKOTOMUEVOG 43 OOKTLAOOEIKTOVUEVOG
17 yeloloypapia 44 TOLYOTOAMCOO,

18 GUULOPOOOIN KA 45 gyyepiolo

19 KOGUN U 46 tepefrvOérato
20 KOTOYYEAL® 47 Boedvyuoc
21 TOYKOGOTNTA, 48 eKGPeVOOVILm
22 Babvuetpucodg 49 apBpitida
23 YOoAoKTOTOINON 50 TATEVOPPOGVVT
24 TOlYYAvog 51 eyyeloPerTIOTIKOG
25 afanTicTog 52 PEVOTOTMOIMGILOC
26 GuVdEovTaL 53 VOAOYPAPD
27 VIEPTAPOYDYN
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APPENDIX Q

Results for the cross-language comparisons of the bilingual children’s performances.

Measure n English Greek t p d
(M, SD) (M, SD)

LF 50 29.1 19.3 8.76 <.001 1.24
(7.8) (6.9)

SRT-accuracy (%) 48 89.3 61.5 6.54 <.001 0.95
(8.0) (27.6)

RC-composite (%) 44 76.0 47.7 5.44 <.001 0.82
(9.8) (32.9)

LDT-accuracy (%) 47 89.9 80.6 5.39 <.001 0.78
(7.7) (10.5)

LDT- A’ 47 94.0 86.7 512  <.001 0.76
(5.0 (8.9)

SRT-grammaticality (%) 48 95.1 81.3 4.74 <.001 0.69
(7.3) (17.4)

LDT-lexicality (ms) 47 495 1131 -459  <.001 0.67
(442) (947)

SRT-structure (%) 48 95.7 79.2 4.32 <.001 0.63
(5.9 (24.4)

vocabulary (max. 50) 50 38.1 30.4 3.98 <.001 0.56
(6.5) (10.2)

RAN (seconds) 50 30.8 41.1 -3.65 <.001 0.52
(7.8) (20.9)

RC-passage (%) 32 75.3 61.0 2.79 .009 0.49
9.9 (28.2)

story-grammaticality 50 4.5 13.8 -2.85 .006 0.40
(7.6) (20.4)

story-verb diversity 50 55.2 51.9 2.66 .010 0.38
(6.9) (8.1)

CQ-factual (%) 50 94.7 90.3 2.40 021 0.34
(6.7) (11.2)

decoding (%) 50 80.9 73.7 2.34 .024 0.33
(13.2) (26.5)

CQ-mental (%) 50 89.3 85.1 2.17 .035 0.30
(8.2) (12.5)

verbal WM ( max. 36) 50 18.0 17.4 141 164 0.19
(4.8) (4.4)

story-length 50 53.8 52.6 0.63 530 0.09
(14.2) (15.3)

story-complexity 50 345 34.7 -0.11 912 0.02
(9.2) (9.0)

Note. The means for story complexity, verb diversity, and story grammaticality represent the
original scores (i.e., ratios) multiplied by 100.
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