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Abstract

The main objective of this dissertation is to investigate the cognitive and linguistic abilities
of monolinguals and bilinguals with Prader-Willi Syndrome, a genetic disorder that, among other
characteristics, generally involves mild to moderate intellectual disability (see Cassidy et al.,
2012). More specifically, we investigate whether and how the fact of speaking two languages may
shape the executive control, metalinguistic and narrative abilities of individuals with this
syndrome.

The study of the effects of bilingualism among non-typically developing individuals is
scarce and in its initial stages —being especially limited for individuals with intellectual disabilities
(see Kay-Raining Bird et al., 2016 for an overview). Traditionally, non-typically developing
individuals have been discouraged from becoming bilingual under the belief that speaking two
languages could be counter-productive (Pefia, 2016; among others). However, the limited research
available, albeit growing, has revealed that these individuals not only become bilingual but also
that speaking two languages does not seem to affect them negatively (Cleave et al., 2014; among
others). These findings, together with the fact that previous research has mostly highlighted
positive outcomes of bilingualism at the executive control, metalinguistic and narrative levels for
the typically developing population (Andreou, 2015; Bialystok, 2001; Valian, 2015; among
others), led us to explore whether monolingual and bilingual individuals with Prader-Willi
Syndrome differed in the three aforementioned areas, and, if so, whether a potential bilingual
advantage was attested among this population. We recruited seven Spanish-Catalan early
sequential bilingual speakers (M = 18.04 years old, SD = 8.95, age range 10;5-33;10) and eight
Spanish monolingual speakers (M = 22.80 years old, SD = 11.58, age range 9;4-47;0) with Prader-

Willi Syndrome. Catalan was the dominant language for all bilingual speakers with the exception



of one participant, who declared Spanish as his/her dominant language, and both monolingual and
bilingual groups were comparable in terms of nonverbal Intelligence Quotient, receptive
vocabulary, and sentence recall abilities in Spanish. Participants were administered two executive
control tasks, one language driven task (the Stroop task) and one non-language based task (the
Flanker task); two metalinguistic tasks (a Sentence Judgment task and a Word-Length Judgment
task), and an oral spontaneous narrative task elicited using the Frog Story series. Narratives were
analyzed at both the macrostructural and microstructural levels and bilinguals were asked to
complete the metalinguistic and the narrative tasks in both Spanish and Catalan. Results yielded
similar outcomes for monolinguals and bilinguals at the executive control, metalinguistic and
narrative macrostructural levels. However, bilinguals showed a relative advantage at the
microstructural narrative level (more vocabulary variability). Thus, our findings not only suggest
that individuals with Prader-Willi Syndrome can become bilingual without evidence of negative
effects, which is in line with previous research, but also that they can achieve a similar level of
performance, or even outperform monolingual speakers in certain linguistic abilities in Spanish —
the non-dominant language for the majority of the bilingual participants. Spanish-Catalan
bilinguals showed comparable metalinguistic and narrative abilities in both their languages.
Despite the fact that inferential statistical analyses did not reveal a significant and
consistent bilingual advantage, descriptive data seems to point to it. With all due caution, these
results suggest that the effects of bilingualism for the Prader-Willi Syndrome population may be
somehow similar to those traditionally proposed for the typically developing population since,
when an effect of bilingualism was found, this was positive. These findings are important and
constitute a relevant contribution to the field, even though we acknowledge that they are

preliminary and should be confirmed with further data.
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1. Introduction

It seems to be uncontroversial at this point in time that speaking more than one language is
actually more common than speaking only one (Grosjean, 2010; Marian & Shook, 2012).
Consequently, it is not surprising that bilingualism studies have become a fruitful and an
autonomous research field, although, as Byers-Heinlein and Lew-Williams (2013) highlight, there
are still many questions without answers that need to be addressed. However simple it may appear,
one of the main challenges of the field has been to define bilingualism, a definition which is still a
source of debate. Within the framework of this dissertation, and following Kay-Raining Bird et
al.’s (2016, p. 2) approach, who in turn follow Grosjean’s (1992) definition of bilingualism, we
consider bilinguals those individuals who speak two languages and who alternate between them
regularly.! This definition of bilingualism has been defended by Kay-Raining bird and colleagues
as especially suitable when working with non-typically developing (henceforth non-TD)
individuals, since the focus is put on the individuals’ language use rather than on their language

proficiency.

Bilingualism among the typically developing (henceforth TD) population has been widely
scrutinized during the last decades and it has been suggested that speaking two languages comes
with some “costs” and some “benefits”. For instance, Ardila (2012) highlights that bilingual
speakers, among other characteristics, may show a more reduced vocabulary in each one of their
languages in comparison to monolingual speakers and that they may experience some language
acquisition delays as well as crosslinguistic transfer. Conversely, Adesope et al. (2010) argue that

bilingualism seems to enhance different cognitive and linguistic abilities, among them, but not

! Throughout this dissertation the terms bilingual speakers and dual speakers will be used interchangeably.



restricted to, executive control (henceforth EC) and metalinguistic abilities. These positive
outcomes of bilingualism, specially at the EC level, have led some scholars to propose the
existence of a bilingual advantage (henceforth BA). The bilingual advantage hypothesis
(henceforth BAH)? (see Bialystok et al., 2012 for more details) has been extensively put to the test
within the TD literature and, as we will discuss in the successive chapters, it has not been exempt
from controversy. Some critical voices, especially during the last decade, have questioned the
actual existence of such an advantage (Paap et al., 2015; Paap & Greenberg, 2013; among others).
Despite the debate that may exist concerning the possible advantages or disadvantages that
bilingualism may confer, there seems to be a general consensus on defending that, overall,
bilingualism is more of an enriching than a harmful experience (Bialystok, 2016). Even if it were
the case that bilingualism would not result in any cognitive or linguistic solid benefits, many
bilingual speakers would agree that experiencing some small costs would be worth having access
to two languages and two cultures as well as all the personal, affective, social, and professional

implications that this may entail (see Bialystok, 2016 for a similar approach).

Taking this into account, it is important to highlight that while bilingualism is being
defended and encouraged for TD individuals, some non-TD?® individuals are still being
discouraged, or at least not being encouraged enough, to become bilinguals (Kay-Raining Bird et
al.,, 2012; Marinova-Todd et al., 2016; among others). Traditionally, individuals with
developmental disabilities (henceforth DD), especially in those cases which also entail intellectual

disabilities (henceforth 1D), have been recommended to focus only on one language to avoid the

2 The BAH is normally used in the literature to refer to an EC advantage for bilingual speakers. Nonetheless, in this
dissertation both terms BA and BAH are applied likewise to the metalinguistic and narrative dimensions, since
previous literature has also defended a recurrent positive effect of bilingualism at these two levels.

3 Within the framework of this dissertation we will use the adjective non-typically developing to refer to both children
and adults whose language development at present (the children) or during childhood (the adults) has not been
“typical”.



burden and the possible counter-productive effects on their first language development that adding
a second language may entail (Cleave et al., 2014; Pefia, 2016; among others). Nonetheless, since
the beginning of this century, various researchers have devoted their research to investigating the
effects of bilingualism in non-TD populations. This field of research has mainly focused on
individuals with DD not entailing 1D, as is the case of individuals with Developmental Language
Disorders*, or with the possibility to entailing 1D, as it is the case of individuals with Autism
Spectrum Disorder (henceforth ASD)?®, usually excluding those participants with an intelligence
quotient (henceforth 1Q) under 70, which is normally the cut-off point considered to indicate a
potential ID. Thus, the study of bilingualism among individuals with ID remains practically
unexplored and almost limited to Down syndrome (henceforth DS). Despite the idiosyncratic
characteristics of these three populations, previous research has shown parallel outcomes: in the
first place, individuals with DD become bilingual when given the opportunity and, in the second
place, speaking two languages does not seem to affect them negatively (see Kay-Raining Bird et

al., 2016 for an overview).

Educational professionals and practitioners appear to be aware of these research outcomes,
but as Marinova-Todd et al. (2016) and Paradis (2016) argue, there seems to be a gap between
theory (what the authors refer to as opinions) and practice. Nonetheless, we should recognize that
substantial progress has been made during the last years to create a more inclusive school system

accommodating students with different cognitive and linguistic profiles due to the needs of

4 DLD was previously referred to as Specific Language Impairment (SLI) (see Bishop et al., 2017 for a terminological
disscusion). From this moment onwards we will use the term DLD-SLI to refer to previous research focused on this
DD. As defined in Bishop et al. (2017, p. 1078), DLD refers to “language problems that are severe enough to interfere
with daily life, have a poor prognosis and are not associated with a clear biomedical aetiology”.

5 As defined by the American Psychiatric Association (2018), ASD “is a complex developmental condition that
involves persistent challenges in social interaction, speech and nonverbal communication, and restricted/repetitive
behaviors”.



individuals with specific disabilities. Not long ago, individuals with DD and ID were usually
excluded from mainstream schooling and had to attend special education programs where access
to a second language (henceforth L2) was minimum, if not restricted. However, in most of the
countries offering public and universal access to schooling, there is at present a general tendency
to favour an inclusive education taking into account each individual’s needs, which, in theory,
increases the options to have access to an L2 (see Pesco et al., 2016 for an in depth analysis of
inclusive education and L2 learning among individuals with DD). Nevertheless, and even though
important and relevant progress has been made in the past years in this respect, more research is

needed to make the field advance (Paradis, 2016), especially with regard to individuals with ID.

With this dissertation we want to contribute to this limited but growing body of research
by investigating how monolinguals and bilinguals with genetic syndromes entailing ID compare
at the cognitive and linguistic levels.® More specifically, we aim to shed light on how Spanish
monolingual and early-sequential Spanish-Catalan bilingual speakers with Prader-Willi Syndrome
(henceforth PWS) compare with respect to EC, metalinguistic and narrative abilities. Based on
previous research investigating the effects of bilingualism in individuals with genetic syndromes
(Cleave et al., 2014; Feltmate & Kay-Raining Bird, 2008; Kay-Raining Bird et al., 2005; among
others), our working hypothesis is that PWS bilinguals would not show shortcomings when
compared to their monolingual peers. In fact, we are also interested in elucidating whether dual
speakers with PWS may show signs of benefitting from speaking two languages in a similar way
to that proposed for the TD population. Putting the BAH to the test among non-TD individuals

with DS (e.g., Martin, 2017), DLD-SLI (e.g., Peristeri et al., 2019) or ASD (e.g., Gonzalez-Barrero

61t is estimated that approximately between 1-3% of the population present ID and although different factors may
cause it, genetic disorders have been proposed to be one of the main causes (Karam et al., 2015; Vissers et al., 2016).



& Nadig, 2019) is a new development in the field and we want to contribute to this line of research
by providing new data from an understudied genetic syndrome. To this end, both monolingual and
bilingual speakers were administered three standardized tests and four experiments combining
both online (reaction time —RT) and offline (accuracy) methodologies as well as oral spontaneous
data. While the main objective of the three standardized measures was to obtain information about
the participants’ cognitive and linguistic profile, the main goal of the different experimental tasks
was to obtain information about whether and how both groups compared in three independent but

interrelated areas where a BA has traditionally been suggested for the TD population.

During three different experimental sessions the participants were asked to complete a
nonverbal 1Q test, a receptive vocabulary test and a sentence recall test together with: (i) two EC
tasks (experiment 1), a Flanker task and a color-word Stroop task; (ii) two metalinguistic tasks, a
Sentence Judgment task (experiment 2) and a Word-length Judgment task (experiment 3); and (iii)
a narrative task using the Frog Stories series as elicitation method (experiment 4).” Narratives were
analyzed according to their macrostructure (coherence and organization) and their microstructure
(specific linguistic form and content). Bilingual participants completed the standardized tests and

the metalinguistic and narrative tasks in both their languages.

Besides the main objective previously presented, we set two additional objectives aiming
at explaining whether individual differences in terms of nonverbal 1Q, receptive vocabulary and
sentence recall abilities may play a role on the overall participants’ results, and whether bilingual

speakers would display similar outcomes in their dominant language (Catalan for all but one of

" The different standardized tests and experimental tasks administered in this dissertation are presented and discussed
in detail in chapters 4-7.



the bilinguals who recognized Spanish as his/her dominant language) and their non-dominant

language.

This dissertation is the first of its kind and it contributes to the field at both the theoretical
and experimental levels. At the theoretical level, it contributes novel data providing insights of
how monolinguals and bilinguals with PWS compare at the EC, metalinguistic and narrative level
and how bilingualism may interact with these abilities. This will allow researchers to have a more
comprehensive view of how bilingualism may affect individuals with 1D in different areas and
whether the effects of speaking two languages are somehow comparable between the TD and the
non-TD population. At the experimental level, it contributes data from an understudied language
combination (Spanish-Catalan), an understudied type of bilingualism (early-sequential bilinguals),
an understudied genetic disorder (PWS) and an understudied developmental stage (mainly
adolescents and young adults). Likewise, it contributes data of different nature: experimental data

using both online and offline methodologies and production data.

This dissertation is organized as follows:

Chapter 2 provides an overview of the effects of bilingualism at the EC, metalinguistic and
narrative levels for both TD and non-TD individuals. The review for the non-TD population
focuses on the two DD that have received more attention within the field: DLD-SLI and ASD.
This chapter also contains a review of the main findings of previous research devoted to the study

of bilingualism in individuals with genetic syndromes.

Chapter 3 includes a general snapshot of PWS with a special focus on these individuals’

EC, metalinguistic and narrative abilities. This chapter also incorporates a review of two case



studies conducted up to this day investigating the linguistic abilities of bilingual individuals with

PWS.

In Chapter 4 we offer an overview of the study. We present the research questions and
hypotheses as well as the participants, the methodology, the data collection procedure and the data
analysis. The participants’ section includes a detailed account of the participants’ linguistic
background as well as a comprehensive analysis of their cognitive and linguistic abilities. This
information not only allows us to have a better picture of the participants’ characteristics but also
contributes to the field with new data, since studies centered on the cognitive and linguistic abilities
of PWS individuals are relatively scant, especially involving Romance languages, and, to the best
of our knowledge, they are nonexistent when it comes to bilingual speakers —at least in a group-
study design. The results show that bilingual and monolingual speakers have comparable
nonverbal 1Q, receptive vocabulary and sentence recall abilities despite the fact that bilingual
speakers are compared to monolinguals in their non-dominant language. A within-group analysis
among bilingual speakers comparing their receptive vocabulary and their sentence recall abilities
in both of their languages suggests better receptive vocabulary abilities in Catalan but comparable

outcomes for sentence recall abilities in both Catalan and Spanish.

Chapter 5 reports the results (RT and accuracy data) of the EC experiment including the
Flanker task and the Stroop task. Detailed information about the participants’ sample, the
experimental design, and the procedure, as well as the data analysis and the results is provided.
The chapter concludes with a discussion of the results of both tasks, which show similar EC

abilities for both monolingual and bilingual speakers with PWS.

Chapter 6 presents the results of the two metalinguistic tasks: the Sentence Judgment task,

and the Word-length Judgment task. As in the previous chapter, and for each experiment, a



description of the participants’ sample, the experimental design, the procedure, the data analysis,
and the results is provided. This chapter also includes the discussion of the results, which again do
not reveal differences between monolingual and bilingual individuals with PWS. A within-group
analysis for bilingual speakers shows that Spanish-Catalan speakers perform similarly in both tasks

for both their languages.

Chapter 7 reports the results of the participants’ narrative abilities. Monolinguals and
bilinguals were asked to narrate A boy, a dog, and a frog (Mayer, 1967) in Spanish, and bilinguals
were also asked to narrate Frog, where are you? (Mayer, 1969) in Catalan. Both narrative corpora
were analyzed according to their macrostructure and microstructure. Monolinguals and bilinguals
with PWS showed similar macrostructural abilities as well as comparable morphosyntactic
language development; however, a BA was detected when evaluating participants’ lexical

variability. Again, no differences between languages were found for bilingual speakers.

Chapter 8 concludes this dissertation with a general discussion where the main findings for
the cognitive and linguistic abilities of monolingual and bilingual individuals with PWS are
summarized and the effects of bilingualism are examined. In addition, this chapter discusses the
specific contributions, implications, and limitations of this dissertation, and provides

recommendations for future research.



2. Bilingualism in typically and non-typically developing

populations

The main aim of this chapter is to present an overview of the principal findings that
previous research has revealed, for both TD and non-TD individuals, in relation to the interaction
between bilingualism and EC, metalinguistic, and narrative abilities. It is beyond the scope of this
dissertation to carry out an exhaustive review of each one of these three areas and we focus our
review on a selection of representative studies that will allow us to provide an overall idea of the
state of the field. The studies discussed here deal with more issues and sometimes have a broader
scope than our depiction displays, however, we isolate what is relevant for our investigation;
namely, we concentrate on the results obtained from similar tasks to the ones included in this
dissertation, and on the population targeted in each case. In order to have a more comprehensive
discussion for the TD population, the reader can consult Valian (2015) and Bialytsok (2018) for an
overview of the effects of bilingualism on the EC domain, Bialystok (2001) and Roehr-Brackin
(2018) for its effects on metalinguistics abilities, and Andreou (2015) for a review of the effects of
bilingualism in narrative abilities. For a comprehensive review of bilingualism among non-TD
individuals we direct the reader to Kay-Raining Bird et al. (2016) and to Paradis and Govindarajan
(2018).

This chapter comprises three sections. In section 2.1 we present an outline of how
bilingualism has been said to shape the EC, metalinguistic, and narrative abilities of the TD
population, and, when possible, we review the results obtained from both children and adults.
Studies centered on investigating the effects of bilingualism at the EC level have suggested that
the developmental stage of the individual may condition the identification of a potential BA, since

the effects of bilingualism seem to be broader in children than in the young adult population (see



Bialystok, 2018 for a review).® Thus, as will be further discussed in Chapter 3, since PWS is a
genetic disorder entailing mild to moderate ID and there is typically a gap between these
individuals’ chronological age and their language development (Kleppe et al., 1990; Van Borsel et
al., 2007), it will be interesting to determine which population our sample seems to be more in line
with, as our participants mostly include adolescents and young adults. In section 2.2. we present a
brief review of how bilingualism has been proposed to interact with the three cognitive and
linguistic areas under study among DLD-SLI and ASD individuals. The fact, on the one hand, that
DLD-SLI does not include individuals with ID and, on the other hand, that ASD studies within the
field mainly focus on individuals without ID (Gonzalez-Barrero & Nadig, 2019; Meir &
Novogrodsky, 2019; Peristeri et al., 2020; among others) justifies that we consider these
individuals to belong to a different category and we will not study their profiles in detail.
Nonetheless, previous findings related to both the TD and non-TD populations are relevant in order
to establish the foundation of our study and to formulate our research questions and hypotheses in
the light of bilingualism effects, which are detailed in chapter 4.

Lastly, in section 2.3, we include a succinct examination of the limited research available
studying the effects of bilingualism in individuals with ID as a result of genetic syndromes. More
specifically, in this section we revise previous findings for individuals with DS. PWS and DS are
two genetic syndromes that despite the intrinsic characteristics that both conditions may have
“share several clinical and functional features” (Cimolin et al., 2010, p. 2). Thus, with all due
caution, our prediction is that individuals with DS and PWS would show, overall, more similarities

than differences in relation to the effects caused by speaking two languages.

8 The effects of bilingualism have also been defended to be larger in the older adult population (Bialystok, Poarch, et
al., 2014; Gold et al., 2013).
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2.1.  Bilingualism in typically developing populations

2.1.1. Executive control abilities

One especially productive subfield within bilingualism studies has been the study of how
bilingualism shapes EC abilities. EC, which has been also referred to as executive function or
cognitive control (Diamond, 2013, p. 136), refers to those “general-purpose control mechanisms
that enable people to regulate their thoughts and behaviors to align with their goals” (Friedman,
2016, p. 535). More specifically, as Sekerina et al. (2019, p. 2) point out, these mechanisms “refer
to those cognitive processes that integrate, regulate, and control other cognitive processes,
processes such as planning, inhibiting, shifting (from one task or rule to another), and updating
(stored material with new material)”. It has been proposed that bilinguals would show certain
advantages at the EC level in comparison to their monolingual peers due to their being accustomed
to dealing with two languages and being thus somehow trained to ignore irrelevant information
—in this case, the language not in use (Adesope et al., 2010; among others). In fact, inhibition has
been one of the EC processes that has received more attention, and where the BA hypothesis has
been widely put to the test. Nonetheless, it has been argued that it is important to distinguish
between two different processes: “response inhibition” and “interference suppression” (Luk et al.,
2010; Traverso et al., 2018; among others). In Brydges et al.’s (2013, p. 1) words, response
inhibition denotes “the suppression of a prepotent or automatic behavioral response” and
interference suppression indicates “the ability to control for distracting stimuli or information due
to stimulus competition”. It is in the latter ability where previous research has found a potential
BA.

Two tasks that have been extensively used to compare interference suppression abilities

between monolingual and bilingual speakers are the Flanker task (Eriksen & Eriksen, 1974) and
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the Stroop task (Stroop, 1935). Very succinctly, the Flanker task is a non-language-based
experiment in which participants are presented with different arrow/chevron sequences and are
asked to determine the direction of the central arrow/chevron. A variation of this task is the
Attentional Network Test (ANT-Fan et al., 2002), which combines a Flanker task and a Cue
reaction time task (Posner, 1980). Conversely, in a language-based Stroop task participants are
presented with different color words and are instructed to indicate the words’ ink color.® Both tasks
normally include congruent and incongruent trials and it is in the latter where participants are
presented with conflict and are forced to suppress interference in order to succeed. Hilchey and
Klein (2011) proposed two different hypotheses to capture the positive effects of bilingualism
described in the literature, when detected: the “Bilingual Inhibitory Control Advantage” (BICA)
and the “Bilingual Executive Processing Advantage” (BEPA) hypotheses. Under the BICA
hypothesis, bilinguals are expected to outperform monolinguals when resolving conflict
(incongruent condition) while under the BEPA hypothesis a general BA is expected across the
board and not only on the incongruent condition. Although Hilchey and Klein’s (2011) proposal
was based on nonverbal EC task results, it seems reasonable to extrapolate their results to language
driven tasks, as Coderre et al. (2014) or Vinerte (2018), among others, previously did.

We will now review how monolingual and bilingual children and adults compare when
assessing their EC abilities using a Flanker task, an ANT task, and a Stroop-like task.

Kapa and Colombo (2013) administered the ANT task to two groups of Spanish-English

bilinguals (L2 age of onset [A0oO] before or after 3) and to an English monolingual group (age

% In this dissertation we focus on the word-color Stroop task design. However, there are other nonverbal proposals
such as the picture-word Stroop task (MacLeod, 2006) or the numerical Stroop task (Hernandez et al., 2010).
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range 5;8-14;11 years old).!° Overall, no differences between groups were detected but a general
RT advantage was found for simultaneous bilinguals when the age and the verbal ability variables
were controlled. According to the authors, these findings suggest that the AoO of bilingualism
seems to play an important role in the EC abilities. Another factor that has been said to play an
important role in EC is the participants’ Socioeconomic Status (SES) (see Valian, 2015 for an
overview). However, although SES may play a pivotal role in EC results, different studies have
proved that when neutralizing this variable by including homogeneous participants, a BA can still
arise. For example, Calvo & Bialystok (2014) administered the Flanker task to English
monolingual and English-other language bilingual children who had relative proficiency in both
of their languages and who had been exposed to English at least for two years (age range 6-7 years
old). Participants belonged to either working or middle class families and results revealed that both
factors, languages spoken and SES, played an important role in the EC abilities. On the one hand,
accuracy results revealed a BA (no differences on RT data), and, on the other hand, they showed
that children from middle class families were marginally more accurate than children from
working class families. Similar results were found by Engel de Abreu et al. (2012) or Yang et al.
(2011), among others, who found a BA when groups were matched on SES.

Nonetheless, despite the existence of different studies showing positive effects of
bilingualism at the EC level, the literature is far from being straightforward. For example, Anton
et al. (2014) administered the ANT task to Basque-Spanish bilingual (L2 AoO during early
childhood) and Spanish monolingual children (mean age range 7.5-11.5) and no differences

between groups were detected. Similar results were found by Bialystok et al. (2010), whose ANT

10 Given that different researchers use several terms and cut-off points to refer to different types of bilingualism (e.g.,
early vs. late bilingualism), we have opted for specifying the bilinguals’ L2 AoO, when it was provided. L2 within the
framework of this dissertation refers to the non-dominant language or the language acquired later in time.
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task results did not reveal a BA for English-other language bilinguals in comparison to their
English monolingual counterparts (mean age range 3.0-4.5 years old).

Within the adult population the panorama is similar. Luk et al. (2011) compared what they
call English-other language early bilinguals (L2 AoO before 10) and English-other language late
bilinguals (L2 AoO after 10) to English monolinguals speakers. All participants were university
students in their early twenties. They were administered a Flanker task and their results mirrored
those of Kapa and Colombo’s (2013) findings for children: better outcomes for early bilinguals
when compared to late bilinguals and monolingual speakers and no differences between the last
two groups. Pelham and Abrams (2014), on the other hand, found similar outcomes for both early
and late English-Spanish bilinguals when compared to English monolinguals on the ANT task. As
in the previous study, participants were university students in their early twenties but in this case
the authors considered late bilinguals those individuals who became fluent in both of their
languages after the age of 13 independently of bilingualism AoO. These findings, contrary to Luk
et al. (2011) and Kapa and Colombo (2013), lead Pelham and Abrams (2014) to suggest that the
effects of bilingualism would not be related to the age at which participants become bilinguals but
to the frequency of use of both languages. Positive effects of bilingualism using the Flanker
paradigm have also been found beyond behavioral data using the event-related functional magnetic
resonance imaging technology (Abutalebi et al., 2012; Luk et al., 2010). As it was the case with
children, some studies did not reveal a BA when administering this type of task to adults. For
example, Emmorey et al. (2008) compared bimodal bilinguals (English-American Sign Language)
(L2 AoO before 1) and unimodal bilinguals (English-other language) (L2 AoO during childhood)
with English monolingual speakers in their forties and fifties. Results revealed a BA when

completing the Flanker task only for unimodal bilinguals. This led the authors to propose that the
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positive effects of bilingualism on the EC could be somehow restricted to languages of the same
modality. Kousaie and Phillips (2012b) put the BA hypothesis to the test with young adult
university students (age range 18-35) using both behavioral data (RT and accuracy) and
electrophysiological measures (Event Related Potentials —ERPs measures). While ERPs data
revealed that English monolingual and English-French bilingual speakers (L2 AoO before 7)
differed in “stimulus categorization and error-related processing” (Kousaie & Phillips, 2012b, p.
87), no differences between groups were detected on behavioral data. However, the authors
highlight that the absence of a BA for behavioral data could be related to the type of participants,
since the young adult population has been revealed as a particularly challenging population when
it comes to detecting a BA effect (see Valian, 2015 or Vinerte, 2018 for a review).

Upon incorporating a methodology which implies specific manipulation of the tasks,
different studies have highlighted that a BA among young adults manifests itself when complexity
is added to the task. For instance, Costa et al. (2009) did not find better outcomes for Spanish-
Catalan bilinguals (university students with L2 AoO during early childhood) when administering
the ANT task in what the authors called “a low-monitoring version” (mainly one experimental
condition presented), however, positive effects of bilingualism were observed when participants
were administered what they refer to as “a high-monitoring version” of the task (congruent and
incongruent experimental conditions mixed). The authors propose that in order to detect a BA
among the young adult population it is necessary to present participants with especially
challenging tasks, since otherwise such effects could go unnoticed. Similarly, Grundy et al. (2017)
demonstrated that when performing the Flanker task young adult English monolingual speakers

and English-other language bilingual speakers (university students with L2 AoO before 10) did
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not differ much; however, when taking into account the previous trial, bilingual speakers showed
an advantage by experiencing less influence than monolingual speakers.

Unlike children and the adult population, one population that has received especially
limited attention is adolescents. Little is known about the interaction between bilingualism and the
EC abilities during the teenage age, but Chung-Fat-Yim et al. (2019) reported a BA for early-
sequential English-other language bilinguals (L2 AoO before 7) in comparison to English
monolingual speakers (mean age 16 years old) when completing the Flanker task.

Turning our focus now to the word-color Stroop task, it is important to note that, given its
language component and its requirement of reading skills, this task has been said not to be very
effective for studying children’s EC abilities (Montgomery & Koeltzow, 2010). Therefore, it has
been mainly used with adults and different Stroop-like tasks or similar suppression interference
tasks have been proposed instead for younger individuals.

Esposito et al. (2013) compared the interference suppression abilities of Spanish-English
bilinguals and English monolingual children between 3 and 5 years old. The authors considered
bilinguals those children whose parents and teachers described them as fluent in both languages.
Participants were administered a Color/shape task (see Esposito et al., 2013 for details) and results
revealed better outcomes for bilinguals. These findings are in line with Martin-Rhee and Bialystok
(2008), who also found that bilinguals outperformed monolinguals when the Simon task (Simon
& Rudell, 1967) was administered to both English-French bilingual and English monolingual
children (on average 5 years old). A positive effect of bilingualism to resolve interference has also
been found with toddlers, since as Poulin-Dubois et al. (2011) showed, bilingual toddlers
performed better in a shape Stroop task than their monolingual peers. However, Dufiabeitia et al.

(2014) administered a color-word Stroop task and a numerical Stroop task to Spanish-Basque

16



bilinguals (L2 AoO during early childhood) and Spanish monolinguals (mean age range 8-13 years
old) and did not detect better outcomes for bilingual children in either of the two experiments,
which shows once more, that results are far from conclusive.

Focusing on the adult population, Bialystok et al. (2008) presented an English color-word
Stroop task to two age groups of English monolingual and English-other language bilingual
speakers: younger adults in their twenties and older adults in their sixties. Young adult bilinguals
entered in contact with English before 6 and for the older adult bilinguals English was an L2.
Accuracy data results revealed that monolinguals were less accurate than bilinguals and RT data
showed an overall BA from which older bilinguals benefitted the most. These results were
replicated in Bialystok et al. (2014), where participants with a similar profile to the previous study
were administered a color-word paper Stroop task. Kousie and Phillips (2012a), on the other hand,
did not detect differences between younger and older English monolinguals and English-French
bilinguals (age range 18-35 for younger bilinguals and 60-84 for older bilinguals; L2 AoO before
8). The authors claim that their data do not show evidence of a BA since no differences between
groups were detected for the incongruent condition. In fact, and even though the authors
acknowledge “a general speed advantage” for bilinguals, as they called it, this is not interpreted in
the study as an instance of a BA, although under the BEPA it would be. Ryskin et al.’s (2014)
results also showed no differences between young adult monolingual and bilingual university
students when administered the Stroop task and evaluating differences between groups in terms of
conflict solving abilities.

In summary, previous research investigating the EC abilities of monolingual and bilingual
speakers with the Flanker, Stroop or related tasks have evidenced conflicting results for both

children and adults, revealing the young adult population as a particularly challenging one to detect
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a BA. Nonetheless, it is noteworthy that when an effect of bilingualism has been found this has

been mostly on the positive side.

2.1.2. Metalinguistic abilities

The study of how bilingualism outlines the metalinguistic abilities of dual speakers has also
attracted great attention within the literature. However, as Bialystok (2001) indicates, one of the
main issues within the field has been, and still is, the lack of consensus about what researchers are
referring to when using the metalinguistic term, since this term has been used “as a qualifier for at
least three different entities: knowledge, ability and awareness” (Bialystok, 2001, p. 123).
Following Adesope et al. (2010, p. 209), metalinguistic awareness has been traditionally defined
as the ability to consciously reflect about language, and in this area, bilinguals —being language
experts accustomed to dealing with two languages— are assumed to be more aware of the
arbitrariness of language and of the different language idiosyncrasies. Bialystok also highlights the
importance of the notion of attention, since “the combination of attention and explicit mental
representations can produce the phenomenal experience awareness” (Bialystok, 2001, p. 126).

Previous research investigating the effects of bilingualism on the individuals’
metalinguistic awareness abilities has revealed inconsistent results and it has been said that this
inconsistency “begins to make sense when task demands are considered in terms of their
connection to specific cognitive processes” (Bialystok, 2001, p. 135). Friesen and Bialystok (2012)
carried out a detailed review of the effects of bilingualism on different metalinguistic tasks
following Bialystok and Ryan’s (1985) cognitive framework proposal to define metalinguistic
abilities (henceforth referred to as Bialystok’s metalinguistic cognitive framework). In this review,

the authors highlight that a BA is usually detected in those tasks/measures that are challenging in
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terms of EC but that entail low demands of linguistic analysis, namely, the tasks/measures that are
considered to be essentially metalinguistic. Conversely, no consistent BA has been found in those
tasks/measures challenging in terms of linguistic analysis but that involve low demands of EC: the
ones that are considered to be essentially linguistic task/measures.

Since the 80s, Bialystok and collaborators have tried to elucidate the interaction between
bilingualism and metalinguistic abilities, and one of the tasks that they have repeatedly used is a
grammatical judgment task (GJT), also referred to as a sentence judgment task, where grammar
and semantics are manipulated. The number of experimental conditions can vary but there are
always two fundamental experimental conditions: an essentially linguistic measure
(ungrammatical but semantically sound sentences) and an intrinsically metalinguistic measure
(grammatical but meaningless sentences). Participants are asked to determine the grammaticality
of the sentence and, in order to succeed in those sentences including a semantic anomaly,
participants need, on the one hand, to leave the semantic meaning aside (inhibition) and, on the
other hand, to focus specifically on grammar (selective attention) (Bialystok, Peets, et al., 2014, p.
179).

Bialystok (1986b) examined the linguistic and metalinguistic abilities of English
monolingual speakers in comparison to two different groups of bilinguals: English-other language
bilingual children (other-language heritage speakers) vs. English-French bilingual children
(immersion schooling) (age range 5-9 years old). The results showed no significant differences
between groups when assessing linguistic knowledge but a significant BA when evaluating the
metalinguistic abilities. Similar results were obtained in Bialystok and Majumder (1998), where

the GJT was administered to English monolingual children and to English-French bilinguals
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(balanced bilinguals) and English-Bengali bilinguals (partially bilinguals)™* (age range 7;11-9;11
years old). Again, bilingual speakers, irrespective of their bilingual background, outperformed
monolinguals when determining the grammaticality of those sentences assessing the metalinguistic
abilities but no differences between groups were detected for those sentences examining essentially
linguistic knowledge. Bialystok et al. (2014) administered the GJT to anglophone children in grade
2 (age range 7-8.4 years old) and grade 5 (age range 9.9-11.5 years old) schooled either in English
(monolingual speakers) or in French (becoming bilingual through immersion schooling). Their
results mirrored those of previous research: no differences between groups in the linguistic
measures but better metalinguistic abilities for bilingual speakers; however, this metalinguistic
advantage was not detected until grade 5, which the authors interpret as a gradual development of
the metalinguistic abilities. Cromdal (1999) administered a similar SJT to both partially and highly
English-Swedish bilinguals and Swedish monolingual speakers (age range 6;4-7;3 years old).
Results revealed that highly bilingual English-Swedish children outperformed monolingual
speakers in both metalinguistic and linguistic abilities but no significant differences between
Swedish monolinguals and partially Swedish-English were attested. Nonetheless, it is worth note
that partial bilinguals scored higher than monolinguals in both measures.

The effects of bilingualism at the metalinguistic level have been mostly assessed with
children, however some researchers have replicated the studies testing metalinguistic abilities with
the adult population. For instance, Moreno et al. (2010) administered the GJT to English
monolinguals and English-other language bilinguals (participants of immigrant origin who mostly
acquired English before 12) (age range 19-28 years old) and collected both behavioral and ERP

data. Results did not reflect different accuracy rates for the two groups, but ERP data suggested

11 According to the authors, partial bilinguals refer to non-balanced bilinguals for which one of the two languages is
stronger (Bialystok & Majumder, 1998; Poarch & Bialystok, 2015).
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that “monolinguals did not process the semantic anomaly (no differences between correct and
semantic anomalous mean amplitudes) but bilinguals were able to process it and achieve the same
level of accuracy as monolinguals”. This is interpreted by the authors as being consistent with
previous behavioral data focused on children (Moreno et al., 2010, p. 576). However, Paap and
Liu (2014, p. 71) question this “counter intuitive” interpretation, as they called it, arguing that if
bilinguals actually have better EC abilities this group should have been the one showing more
impermeability to the semantic meaning and not the other way around. Paap and Liu (2014)
replicated Moreno et al.’s (2010) study with behavioral data and did not found differences between
English monolingual and English-other language adult bilingual university students. Both studies
agree in that they do not show differences between groups at the behavioral level, thus mirroring
the findings discussed in the previous section for the young adult population when performing the
Flanker or the Stroop tasks.

Apart from the monolingual-bilingual comparison, the GJT has also been used to compare
the linguistic and metalinguistic abilities of different types of bilinguals. Bialystok (1988)
administered the GJT in both English and Italian to low English-Italian bilinguals and to high
English-Italian bilingual children (age range 6.5-7 years old). All children were born and attended
school in an anglophone context and Italian was the heritage language with different levels of
proficiency. The results showed similar results for both versions of the task, therefore the authors
ran the analysis combining the results of both tasks. Their findings revealed comparable
metalinguistic abilities for both groups but better linguistic outcomes for the more experienced
bilinguals. These linguistic and metalinguistic abilities have been tested beyond individual
bilingualism and have also been assessed in children becoming bilingual through immersion

school programs. Hermanto et al. (2012) administered this task in English and French to
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anglophone children enrolled in French immersion programs in grade 2 (mean age 7.7 years old)
and grade 5 (mean age 10.6 years old). Their results showed that, overall, participants were more
accurate when judging English sentences than when judging French sentences, but this gap became
smaller with experience. Also, it was revealed that the higher difference between languages was
found when judging ungrammatical but semantically sound sentences, which evidences that even
though participants were being educated in French they were more sensitive to detect
ungrammaticalities in English, their dominant language.

Similarly to the GJT, the WLJT*? also entails high demands of EC, since, in order to
succeed, participants need to put the semantic meaning aside (referent), and concentrate on the
linguistic form (word length) (see Bialystok, 1986a). Therefore, this task mainly tests the
arbitrariness that exists between a word form and its meaning (Cook, 1997). In order to shed light
on whether bilingualism actually conferred an advantage in this respect, Bialystok (1986a)
presented different word-pairs manipulating word length and object size to two groups of English
monolingual children (group 1: mean age 4;10 year old; group 2: mean age 6;11 years old) and to
an English-French bilingual group where participants had been enrolled in a French immersion
programs for two years (mean age 6;10). The task included congruent items (longer word and
bigger referent coincided) and incongruent items (longer word represented the smaller referent).
Participants were asked to determine the bigger word (i.e., longest word) and the results revealed
better outcomes for bilingual speakers. Nonetheless, this better outcome for bilinguals was not
attested in Ricciardelli’s (1992) study, where a similar task was administered to English-Italian
bilinguals with different levels of proficiency (low and high) and to English monolinguals with

different levels of proficiency too (age range 5-6 years old). In this task, different from Bialystok’s

12 Other terms that have been used within the field are word judgment task (Yelland et al., 1993), word length task
(Ricciardelli, 1992) or size judgment task (Bialystok, 1986a).
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(1986a), participants were presented with different words and they had to specify whether the word
heard was a long or a short one independently of the referent size. Yelland et al.’s (1993)
administered a similar task to English monolingual children and English-Italian “marginal
bilingual” children, as the authors called them, of two age groups: preparatory grade (age range
4;4-5;6 years old) and grade 1 (age range 5;6-6;7 years old). Participants were tested at two time
points: after two and after seven months of Italian instruction. In this case, children were presented
with different images and were asked to name the object depicted and to determine whether that
word was long or short. The marginal bilingual group included anglophone children who were
receiving Italian lessons (one hour per week); thus, more than bilinguals, they seem to be L2
learners, as the authors also point out. Nevertheless, what is noteworthy is that, despite their limited
exposure to an L2, the younger bilinguals showed better outcomes than those not receiving L2
instruction after only six months of L2 exposure. However, this BA was not detected among
participants in grade 1, where both groups showed similar results. As Yelland et al. (1993) discuss,
their findings contrast with Ricciardelli’s (1992) and Cummins’ (1976) defense of the threshold
theory, according to which better metalinguistic outcomes would be observed only when a certain
proficiency level has been achieved. Notwithstanding, it is important to highlight that although
similar, Bialystok’s, Ricciardelli’s and Yelland et al.’s tasks are different. In all three, participants
needed to block the semantic meaning in order to concentrate on the form and resolve the task.
However, Ricciardelli’s (1992) task was the easiest one of the three versions, since participants
were only presented with one word and were asked to answer whether it was a long or a short
word. Conversely, in Bialystok’s (1986a) study, children were presented with a word pair instead
of with a single word, which raised the level of complexity because participants not only needed

to block one meaning but two in order to make the selection of the longest word. Similarly, in
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Yelland et al.” (1993) experiment, before determining the word length, participants needed to first
identify the image depicted, which also entailed lexical access. Taking all this into account, it could
be the case that a BA would arise not only in those word-awareness metalinguistic tasks entailing
high demands of EC but also in those tasks specially challenging from the data elicitation point of
view, which would be somehow in line with Costa et al.’s (2009) proposal that some advantages
are attested under certain experimental conditions. The WLIJT has also been used with the adult
population to study the metalinguistic abilities of illiterate speakers (Kolinsky et al., 1987) or to
compare literate and illiterate individuals and, in these cases, results have shown better outcomes
for the literate group (Kurvers et al., 2006).

In summary, previous research using a GJT to compare the linguistic and metalinguistic
abilities of monolingual and bilingual speakers have revealed that the latter group, independently
of the degree of bilingualism and context of acquisition, showed better metalinguistic abilities than
their monolingual peers. Nonetheless, as was the case for the EC tasks presented in the previous
section, this advantage, if present, seems to be easier to detect in children than in adults. We have
also discussed the fact that results for essentially linguistic measures did not evidence a clear BA
or disadvantage, supporting the idea that the results of these measures are somehow related to the
participants’ level of proficiency (i.e., vocabulary knowledge), as shown in Bialystok (1988).
Regarding the effects of bilingualism in tasks similar to the WLJT included in this dissertation, the
results were not clear-cut and it appears that the complexity of the experimental design might play
an important role as previously proposed for the EC domain: the more cognitive challenging the

task, the more bilinguals would display a BA.
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2.1.3. Narrative abilities

The study of the narrative abilities has been extensively scrutinized among TD monolingual
speakers, and to a lesser extent, among TD bilingual and multilingual speakers, even though during
the last years there has been a growing body of research centered on this last group (see Berman
& Slobin, 1994; Stromqvist & Verhoeven, 2004; Verhoeven & Stromgqvist, 2001; among others).
Narratives have been analyzed from different perspectives, but we are interested in achieving a
better understanding of how monolingual and bilingual speakers compare in terms of
macrostructural and microstructural abilities. As per Gagarina’s (2016, p. 92) words “the
macrostructure refers to the higher order hierarchical organization of the narrative text ( ... ), while
microstructure is represented by the internal, or language-specific, linguistic units used for the
construction of coherent discourse”. The bulk of bilingual research has mainly centered on how
the macrostructural and microstructural abilities compare within and between languages (see
Bitetti et al., 2020 for an overview). However, a direct comparison between monolingual and
bilingual speakers with respect to these two abilities has received, comparatively, less attention,
and the different studies that have addressed this comparison have revealed mixed findings, as has
been the case with the EC and the metalinguistics results.*®

Chen and Yan (2011) compared the narrative evaluative expressions of English-Chinese
bilinguals (L2 AoO before 3) living in the US, to English monolinguals. The study included
different age points: children of 5, 8 and 10 years old and young university students. Results
revealed an effect of age, since the older the participants were, independently of whether they were

monolingual or bilingual, the more evaluative clauses they included and the more a global narrative

13 Given the high variability in nature and in number of the different macrostructural and microstructural measures
included in the different studies reviewed in this section, we highlight the overall results and we refer the reader to the
original papers for a detailed analysis of all the different measures included in each case.
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evaluative perspective they took. Furthermore, even when exposed to English between 2-3 years
later than monolinguals, bilinguals included a higher number of evaluative clauses. These results
suggest a positive effect of bilingualism at the macrostructural level, though this is open to
discussion, since some authors do not consider evaluative devices as instances of macrostructural
abilities but as independent measures (see Hoang et al., 2018). Be that as it may, we need to be
cautious with these results because as Chen and Yan (2011) point out, this BA could be confounded
with a cultural effect due to the fact that previous research found a similar pattern for Chinese
monolinguals when compared to English monolinguals. More recently, Andreou (2015) compared
the macrostructural and microstructural abilities of Greek monolingual and Greek-other language
bilingual children of two age groups (8-10 and 10-12 years old) (L2 AoO ranging from before 1 to
after 6) using an oral telling task, an oral retelling task, and a written retelling task. At the
microstructural level, monolingual speakers, both younger and older children, independently of
the experimental tasks, outperformed bilinguals on producing longer and more syntactically
complex narratives. At the macrostructural level, the pattern was reversed and bilinguals
outperformed monolinguals at “capturing the global meaning of the story and [considering] the
listener’s perspective” (Andreou, 2015, p. 256). Likewise, younger bilinguals appeared to be better
than their monolingual peers in the use of emotional and mental terms. Using a similar approach,
Tsimpli et al. (2016) compared the macrostructural and microstructural abilities of Greek
monolingual and Greek-other language bilingual children with and without DLD-SLIL*
Participants were asked to retell a story and results showed different bilingual benefits for TD
individuals for both microstructural and macrostructural abilities. At the microstructural level, no

differences between groups were attested in terms of lexical diversity; however, better bilingual

14 In this section, we only refer to the effects of bilingualism for TD individuals (mean age 9 years old); DLD-SLI
results will be discussed in section 2.2.3.
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outcomes were found when assessing children’s subordination ratio. At the macrostructural level,
groups did not differ on the use of more perceptual or physiological terms but bilinguals
outperformed monolinguals in the use of more emotional and mental terms and by producing
narratives with more complex story structures. Note that the three studies discussed up to now
coincide in showing instances of a BA at the macrostructural level. However, Andreou (2015) and
Tsimpli et al. (2016) differed regarding the effects of bilingualism at the microstructural level. This
is not surprising if we take into consideration that microstructural measures are essentially a
reflection of language proficiency (Andreou, 2015), and outcomes may vary depending on the
participants’ age (Rezzonico et al., 2016), language status (minority vs. majority) (Hipfner-
Boucher et al., 2015), SES (Pearson, 2002), or school exposure and environment richness
(Govindarajan & Paradis, 2019), to name a few factors.

Other studies, however, did not find instances of a potential BA advantage at the narrative
level. For instance, Pearson (2002) compared the macrostructural and microstructural abilities of
English-Spanish bilingual and English monolingual children living in the US of different age (age
range 7-11 years old), SES, and schooling experience. Overall, results showed that monolinguals
performed better but that the group differences lay principally at the microstructural level.
Baldimtsi et al. (2016), following Andreou’s (2015) and Tsimpli et al.’s (2016) methodological
framework, compared Greek-other language bilingual children (TD and with ASD) to Greek
monolingual children (TD and with ASD) (age range 7;3-11;6 years old). Focusing on TD children,
the authors analyzed oral telling narratives at both the macrostructural and microstructural levels
and here, unlike in Andreou’s (2015) and Tsimpli et al.’s (2016) studies, bilinguals did not show
better outcomes at either of the two narrative levels. Kunnari et al. (2016) also found similar

macrostructural abilities between simultaneous Swedish-Finnish bilingual children and Finnish
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monolingual children (age range 5;0-6;6 years old) when analyzing their macrostructural abilities
using both a telling and a retelling narrative task. Also, the bilinguals performed equally in both
their languages. This outcome of similar results at the macrostructural level for both languages has
been widely attested in the bilingual literature (Altman et al., 2016; Fiestas & Pefia, 2004; Iluz-
Cohen & Walters, 2012; among others) and is in line with Gagarina et al.’s (2016, p. 15) working
hypothesis which states that narrative macrostructure, not being focused on the linguistic form,
will be prone to crosslinguistic transfer due to its generalized rather than idiosyncratic features
across languages. However, Kapalkova et al. (2016), among others, have challenged this proposal,
since they have revealed that early sequential Slovak-English bilingual children (age range 5-6
years old) exhibited better macrostructural outcomes in Slovak (L1) than in English (L2).

In a nutshell, previous findings, despite their different outcomes, coincide in showing that
when effects of bilingualism are detected in the narrative process they are normally found at the

macrostructural level and they present positive outcomes.

2.2.  Bilingualism in non-typically developing populations

2.2.1. Executive control abilities

Previous research investigating the EC abilities of monolingual individuals with DLD-SLI
and ASD has revealed dysfunctions in comparison to TD individuals (see Marton et al., 2019 for
an overview of DLD-SLI studies and Nadig & Gonzalez-Barrero, 2019 for an overview of ASD
studies). Bilingual research in this field is trying to elucidate whether, taking into consideration the
cognitive characteristics of these individuals, bilingualism plays a role, and, if so, whether this is
mainly positive as has been suggested for the TD population. Engel de Abreu et al. (2014) was one

of the first studies exploring the EC abilities of bilinguals with DLD-SLI. In this study, the selective
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attention and interference suppression skills of early-sequential Portuguese-Luxembourgish (with
and without DLD-SLI) bilingual children were compared to those of TD Portuguese monolingual
children (age range 7;1-9;0 years old). Participants’ selective attention was measured with the Sky
search task (Mainly et al., 1999), a task where participants are required to identify identical paired
images as fast as possible, and their interference suppression skills were assessed with the Flanker
task. Results revealed that bilinguals with DLD-SLI did not significantly differ from their TD peers
(monolinguals and bilinguals) on selective attention skills but that bilinguals with DLD-SLI
underperformed TD bilinguals but showed comparable results to TD monolinguals when assessing
their interference suppression abilities. It is premature to draw conclusions, but following Marton
et al. (2019), these findings seem to suggest a potential positive effect of bilingualism in
individuals with DLD-SLI. Laloi et al. (2017) also provide empirical evidence which confirms the
existence of similar effects of bilingualism for DLD-SLI and TD populations. In this latter case,
the authors investigated the response inhibition abilities of French-other language bilingual
children with and without DLD-SLI (L2 AoO around 3) and French monolingual children with
and without DLD-SLI (age range 6;0-8;6 years old). Participants were administered a visual Stop-
signal task (Logan & Cowan, 1984) in which they were presented with a green or red arrow and
were asked to determine its direction only when the arrow was green. No differences between
monolingual and bilingual individuals with and without DLD-SLI were found, which is in line
with previous studies comparing the response inhibition abilities of TD monolingual and bilingual
individuals (Luk et al., 2010).

Gonzalez-Barredo and Nadig (2019b) analyzed the set-shifting abilities of monolingual

and bilingual speakers (L2 AoO before 3 on average) with and without ASD.* Participants were

Al the studies reviewed in this section included ASD individuals without ID.
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speakers of one or two of the following three languages: French, English-Spanish (age range 6-9
years old). The main objective of this study was to test whether the BA proposed for the TD
population in relation to these EC abilities also held for the ASD population. To do so, the authors
administered a Computerized Dimensional Change Card sort task (DCCS - Zelazo, 2006) where
participants were presented with red rabbits and blue boat images and were asked to sort the images
by color and by shape (counterbalanced among participants) at two different sorting stages by
pressing two buttons labelled with a blue rabbit and a red boat. Only those participants who
answered correctly five out of six trials for the second sorting dimension continued being tested.
In this second part, whose difficulty level increased, they were instructed to sort the images by
color if they had a border and by shape if they did not. Participants were considered to have
succeeded in the task if they correctly classified 9 out of 12 trials. Their results confirmed the
BAH, since the success rate for bilinguals with ASD was higher than that of monolingual speakers.
Baldimtsi et al. (2016) also put the BAH to the test with Greek-other language bilingual children
and Greek monolingual children with ASD (age range 7;7-11;6 years old) using both a Visual
Attention global-local task (Navon, 1977) and an Updating n-back task (see Kane & Engle, 2002).
In the first task, participants were presented with different shapes (crosses, circles, triangles,
squares) in a big format made of the same shapes in a small format; manipulating congruency,
participants were asked to determine either the large or the small shape. In the second task,
participants were presented with different numbers and were asked to determine whether the
number shown on screen coincided with the number they saw two trials back. Results revealed
that bilinguals outperformed their monolingual peers in both tasks. These findings were replicated

in Baldimtsi et al. (2020) and Peristeri et al. (2020) using similar tasks to those in Balditmsi et al.’s
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(2016) and with the same participant profile: Greek-other language bilingual children with an age
range between 6;9-15;6 years old.
In summary, the limited research available investigating the effects of bilingualism on the

EC abilities rather than a negative effect seem to suggest a BA, as in the case of the TD research.

2.2.2. Metalinguistic abilities

The literature investigating the metalinguistic abilities of non-TD individuals is practically
non-existent. However, there are two recent studies that follow this line of research. Peristeri et al.
(2019) examined the metalinguistic abilities of Greek monolingual and Greek-other language
simultaneous bilingual children with and without DLD-SLI (age range 8;4-13;6 years old) using a
vocabulary subtest of the Wechsler Intelligence Scale for Children (WISC-III - Wechsler, 1991).
In this experiment participants were presented with different words and were asked to define them.
Thus, this metalinguistic task focused principally on linguistic knowledge without placing a burden
on EC; nevertheless bilinguals with DLD-SLI outperformed their monolingual peers.

Gonzalez-Barrero and Nadig (2017) tested the metalinguistic abilities of monolingual and
bilingual children with and without ASD (age range 5-10 years old). Participants were speakers of
one or two of the following three languages: French, English, and Spanish, and were asked to
produce the maximum number of words possible for different categories (animals and food in this
specific case) within a minute. Although the authors analyze the number of words produced as
instances of the lexical and semantic abilities of the ASD population, following Bialystok’s
metalinguistic cognitive framework, this task, as will be further discussed in chapter 3, could be
considered as a metalinguistic one entailing a good command of vocabulary knowledge but low

demands in terms of EC (Friesen & Bialystok, 2012). Results revealed that when monolinguals

31



and bilinguals with ASD and with similar receptive vocabulary abilities are compared, bilinguals
outperformed monolinguals by producing more correct words, which is interpreted by the authors
as an instance of a BA in terms of “generativity or response initiation” (Gonzalez-Barrero & Nadig,
2017, p. 469).

These two studies show that bilingualism rather than having a negative effect on the
metalinguistic abilities of these non-TD individuals, seem to have a positive one even when

presenting participants with metalinguistic tasks assessing essentially linguistic knowledge.

2.2.3. Narrative abilities

The growing interest during the last years to better understand the narrative abilities of TD
bilingual speakers has been extrapolated to the non-TD population. For some time now, narratives
have been considered to be a good tool to assess bilinguals’ language proficiency, since an
evaluation of naturalistic data would be less biased than those derived from standardized tests
(Cleave et al., 2010; Fiestas & Pena, 2004; Rojas & Iglesias, 2009; among others). Thus, the study
of narratives has become a fertile locus for investigating how monolinguals with DLD-SLI and
ASD compare to TD monolinguals first, and then, how bilinguals with DD diverge, if so, from the
TD bilingual population and from their monolingual peers —although this last comparison has
received the least attention (see Paradis & Govindarajan, 2018 for an overview). Cleave et al.
(2010) was one of the first studies specifically comparing the macrostructural and microstructural
narrative abilities of monolinguals and bilinguals with DLD-SLI. They recruited English
monolingual children with DLD-SLI and English-other language bilingual children with DLD-SLI
(mean age 4;4 years old). Both groups were administered a telling and a retelling task and results

did not yield significant differences between groups either at the macrostructural or at the
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microstructural level. Focusing also on this population, similar results were found by Rezzonico
et al. (2015) for DLD-SLI bilingual (English-other language) and monolingual (English) children,
who were administered a retelling task twice with 6 a month difference (mean age 4;3 and 4;8
years old respectively). Results revealed similar macrostructural and microstructural abilities
among DLD-SLI individuals, independently of their being monolingual or bilingual and a growth
effect in both groups between both testing times. In a similar vein, Boerma et al. (2016), using a
story telling task, revealed comparable macrostructural abilities for Dutch monolingual children
and Dutch-other language bilingual children (L2 AoO before 4) with language impairment (age
range 4;8-7;3 years old). The three studies reviewed displayed similar outcomes for both
monolingual and bilingual speakers with DLD-SLI, which suggests that bilingualism does not
affect their narrative skills negatively. Nonetheless, Tsimpli et al. (2016) found that Greek-other
language bilingual children with DLD-SLI outperformed their Greek monolingual counterparts
(mean age 9;2 years old) at some specific macrostructural measures using a retelling task. For
instance, bilinguals mirrored monolinguals in the use of perceptual and physiological terms as well
as in the use of emotional and mental terms but outperformed monolinguals by producing more
structurally complex narratives. Conversely, when analysing microstructural abilities, bilinguals
mirrored their monolingual peers in the use of subordination but showed shortcomings on the
lexical diversity variable. This study, that also included TD monolingual and bilingual children,
and whose results were discussed in section 2.1.3, showed that bilinguals with and without DLD-
SLI had similar outcomes at the macrostructural level for the story structure variable. As Tsimpli
et al. (2016) discuss, their results contrast with those of Squires et al. (2014), who found better
macrostructural outcomes for TD bilingual children when compared to their language-impaired

bilingual peers (age range 5-7 years old). Tsimpli and colleagues attribute the divergence of results
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between their study and Squires and colleagues’ to a possible age factor effect, since their
participants were older than those included in Squires et al. (2014). More specifically, they argue
that older bilinguals with DLD-SLI would benefit from a higher exposure to their two languages
and, as a consequence, this could redound somehow in a “greater ease to abstract shared properties
of narrative macrostructure across their languages™ (Tsimpli et al., 2016, p. 210). Although not
discussed by Tsimpli and colleagues, this developmental hypothesis seems to also hold for
explaining the BA they found at the macrostructural level, which differs from the previous research
discussed in this section showing similar outcomes for monolingual and bilinguals with DLD-SLI.
Tsimpli et al.’s participants were on average 4-5 years older than those included in Cleave et al.’s
(2010) or Rezzonico et al.’s (2015) studies, and 2-4 years older than those in Boerma et al.’s (2016)
study, which could somehow constitute a possible explanation for the lack of BA found in those
studies. Interestingly enough, this same pattern seems to be present among individuals with ASD,
although to a lesser extent.

Using a similar methodological framework to Tsimpli et al.’s (2016), Baldimtsi et al. (2016)
elicited narratives from Greek monolingual children with ASD and Greek-other language bilingual
children with ASD (mean age 9;8 years old) using a telling task. Their narrative abilities were also
analyzed at the microstructural level and at the macrostructural level. While no differences
between monolinguals and bilinguals with ASD were found at the microstructural level, bilinguals
with ASD performed better than their monolingual peers at the story structure complexity level
and when producing less referentially ambiguous pronouns. With a similar design, Peristeri et al.
(2020) analyzed the narrative production of ASD Greek monolingual speakers and ASD Greek-
other language bilinguals (mean age 9;7 years old) at the microstructural and macrostructural level

and their results revealed a BA at both narrative levels. On the one hand, bilinguals produced more
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structurally complex narratives and used less ambiguous pronouns than monolinguals and, on the
other hand, bilinguals produced more adverbial subordinate clauses than their monolingual peers
but less complement clauses. In contrast to Baldmitsi et al. (2016) and Peristeri et al. (2020), Hoang
et al. (2018) did not find differences between French monolingual and French-other language
bilingual speakers (mean age 8;2 years old) with ASD neither at the microstructural level nor at
the macrostructural level. Nonetheless, they did find differences between groups in relation to the
number of utterances produced, which suggests a somehow higher productivity for bilingual
speakers. The authors did not analyze narrative length as an instance of microstructural abilities
but other authors have done so when differentiating microstructural productivity from
microstructural complexity measures (Diez-Itza et al., 2018). If we consider narrative length in
terms of microstructural abilities, Hoang et al.’s (2018) results would suggest certain BA at this
level. On the contrary, and unlike the case in previous studies no positive effects at the
macrostructural level were detected. Hoang et al. (2018) suggest that the differences found
between their findings and Baldmitsi et al.’s (2016) and Tsimpli et al.’s (2016) results could be
explained as a result of the differences in SES, narrative elicitation methods and microstructural
and macrostructural measures as well as the differences in the participants characteristics. Also,
taking into account Tsimpli et al.’s (2016) developmental proposal, it could be the case that age
could be playing a role, since Hoang et al.’s (2018) participants were, on average, one year younger
than those included in the previous studies showing a BA at the macrostructural level.

Taking into account the limited research available for DLD-SLI and ASD and the
divergences between studies at different levels, as suggested by Hoang et al. (2018) (e.g.,

participants’ profile, elicitation methods, analysis measures, etc.), it would be premature to draw
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conclusions. Nonetheless, it seems that a potential BA effect would lie more at the macrostructural

level and when found, as was the case with the TD population, this effect would be positive.

2.3.  Bilingualism in non-typically developing populations with genetic syndromes: an

overview

As previously stated, individuals with genetic disorders have been traditionally
discouraged from becoming bilingual. However, nowadays, we have evidence that individuals
with genetic disorders such as Down syndrome (Feltmate & Kay-Raining Bird, 2008; Kay-Raining
Bird et al., 2005), Williams syndrome (Barisnikov et al., 1996; Perovic & Lochet, 2015), Fragile
X syndrome (Jarmendi, 2002) or Prader-Willi syndrome (Garcia-Alcaraz, 2018; Liceras & Garcia-
Alcaraz, 2019), to name a few, do become bilingual. We also have evidence that the fact of
speaking two languages does not seem to affect these individuals negatively (Cleave et al., 2014,
among others). Nonetheless, as we describe below, the bulk of research investigating the effects of
bilingualism in individuals with ID and genetic syndromes is still mainly restricted to the DS
population, the most common chromosomal disorder entailing ID (Roberts et al., 2007).

The first studies centered on individuals with DS that were able to speak more than one
language were carried out in the decade of the 90s and were mainly case studies aiming at
describing the participants’ cognitive and linguistic abilities. For example, Papagno and Vallar
(1995) and Vallar and Papagno (1993) presented the case of EF, a young Italian woman in her
twenties who in addition to Italian had knowledge of English and French, two languages to which
she was exposed to during childhood while living abroad. Woll and Grove (1996) showed that the
possibility of DS individuals becoming bilingual was not restricted to two languages of the same

modality, since they presented the case of two hearing twins who were British Sign Language
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(BSL) bimodal bilinguals (10 years old) who showed the same challenges in both their languages.
English was the educational and social language with hearing individuals while BSL was the
family language and the language used in social circles within the deaf community. Literacy skills
have also been scrutinized using case study designs and the results have revealed that bilinguals
with DS are perfectly able to read in two languages independently of whether or not both languages
have the same alphabet, as is the case of Spanish and English (Nelson et al., 2008), or a different
one, as in the case of the Russian-English combination (Burgoyne et al., 2016).

Apart from single case studies, the field has also tackled the effects of bilingualism among
the DS population with group study designs, as in Kay-Raining Bird et al.’s (2005) pioneering
study. In this study, the authors investigated the linguistic abilities of English-other language raised
bilingual children with and without DS and the linguistic abilities of English monolinguals with
and without DS (age range 2;0-11;4 years old). Participants were matched for developmental level
and were asked to produce oral spontaneous data. They were also administered different
standardized tests. Results revealed some shortcomings of the DS population in comparison to
their TD peers but similar outcomes for bilinguals and monolinguals with DS, which the authors
interpret as evidence that both groups were developing English linguistic abilities comparably and
that bilingualism did not seem to play a negative role in the bilinguals’ English development. In
terms of the bilinguals’ L2 abilities, the authors highlight variability and different degrees of
bilingualism. However, it is suggested that DS individuals’ L2 vocabulary acquisition mirrored
that of the TD bilingual group. Similarly, Feltmate and Kay-Raining Bird (2008) investigated the
vocabulary and morphosyntactic abilities of four English-French simultaneous bilingual children
with DS. Each bilingual child was matched for developmental level with an English monolingual

child with and without DS (age range 2;4-8;0 years old). Different standardized tests were
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administered, and an oral spontaneous sample was collected in which a comprehensive analysis of
the participants’ morphosyntactic abilities was performed. The results mirrored those of Kay-
Raining Bird et al. (2005) since, overall, TD individuals outperformed individuals with DS but the
two non-TD groups did not seem to differ much. In terms of differences between the bilinguals’
two languages, the results replicated those obtained in the previous study: overall, better outcomes
in English (mainly the dominant language) than in French. Better outcomes for the dominant than
for the non-dominant language were also found by Trudeau et al. (2011). In this study the
vocabulary acquisition development was scrutinized among English-other language (mostly
simultaneous English dominant bilingual) children with DS. Participants’ parents were asked to
rate their children’s receptive and expressive vocabulary abilities in both their languages. The
results evidenced that participants had better vocabulary skills in English (dominant language)
than in their L2, where there was more variability, and that their receptive vocabulary was stronger
than their expressive vocabulary. Parents were asked to re-evaluate their children’s vocabulary
abilities at a later time and results suggested that while English vocabulary increased over time for
87% of the participants, only 60% showed progress on their L2. The authors discuss the importance
of input for the L2 vocabulary acquisition process and argue for independence of development in
both languages, since no negative effects of bilingualism were found on the acquisition process of
the dominant language vocabulary. Cleave et al. (2014) analyzed the lexical learning abilities of
simultaneous English-other language bilinguals and English monolinguals with and without DS
(age range 3;0-19;3 years old). More precisely, the authors investigated the participants’ fast
mapping abilities by administering a syntactic bootstrapping task including both familiar and
unfamiliar words of two different categories: verbs and nouns. The results showed that the four

groups obtained better outcomes for the familiar condition and that for the unfamiliar condition
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participants performed better with nouns. Overall, TD bilinguals and DS bilinguals did not
significantly differ while TD monolinguals performed better than monolinguals with DS. In terms
of the effect of bilingualism, no differences were attested between monolingual and bilingual
individuals within each group (TD and DS). This once more supports the claim that speaking more
than one language does not seem to have a negative effect on the DS participants’ dominant
language development. More recently, Katsarou and Andreou (2019) have provided new evidence
that no harmful effect of bilingualism was found when comparing the receptive and expressive
linguistic abilities of Greek-English simultaneous bilinguals with DS, and Greek monolingual
speakers with the same syndrome (age range 4-8 years old).

Even though the focus of previous research has mainly been the receptive and expressive
linguistic abilities of bilinguals with DS, how bilinguals and monolinguals with DS compare at a
more cognitive level has also been examined. For instance, Edgin et al. (2011) studied the effects
of bilingualism, referred to as “second language exposure” by the authors, at the linguistic and
cognitive level among English-Spanish bilinguals and English monolingual speakers with DS (age
range 7-18 years old). To do so they administered a battery of different verbal and nonverbal tasks
and their results did not reveal differences between groups either for the linguistic or for the
cognitive measures. Similar results were found by Martin (2017), who compared the linguistic and
EC abilities of one English-French bilingual speaker with DS (14 years old) attending a French
immersion schooling program and a group of eight English monolingual speakers with DS (age
range 12;1-17;9 years old). The participants’ linguistic abilities were assessed using standardized
measures and the EC abilities were examined by different experimental tasks putting the
participants’ inhibitory, cognitive flexibility and working memory abilities to the test. While the

bilingual participant outperformed his/her monolingual peers at the linguistic level, he/she showed

39



comparable EC abilities. Pinto-Cardona (2017) contrasted Spanish-English bilinguals with DS
with English monolinguals with the same syndrome (age range 13-37 years old) in a series of tasks
assessing the participants’ short-term memory abilities (verbal, spatial and visual). The results
revealed a significant BA for the visual short-term memory task, although in general bilinguals
showed higher accuracy rates than their monolingual counterparts.

Although more research is needed, the repetitive outcome of not finding a negative effect
of bilingualism for these individuals has opened the door to other lines of research unexplored
until very recently, as is the case of the study of these individuals’ foreign language acquisition
abilities. For example, Polo (2017) investigated how four Spanish monolingual speakers with DS
(age range 22-24 years old) learned English vocabulary in Madrid (Spain), an officially
monolingual territory. The results revealed that participants were able to learn English vocabulary
and that visual cues and an interactive approach among peers had a positive impact on the learning
process.

Since its start, the study of bilingualism among individuals with genetic syndromes has
gone through different stages which could be depicted as follows: in the early stages researchers
were focused on proving whether it was possible for these individuals to become bilingual; then
the focus was on discovering whether speaking two languages had a detrimental effect and, more
recently, there is an interest to determine whether and how the proposed positive effects of
bilingualism for the TD population are also found in these individuals. Given that no previous
group study designs investigating the effects of bilingualism have been conducted with the PWS
population, this dissertation aims to shed light on whether monolingual and bilingual individuals
with PWS differ at the EC, metalinguistic and narrative level and if so whether bilingualism plays

anegative or a positive role. The field, albeit growing, is still chiefly narrowed to the DS population
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and we will benefit from having more data exploring this issue with different genetic syndromes,
different types of bilingualism, individuals at different developmental stages, and different

language combinations.
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3. Prader-Willi syndrome: an overview

This chapter presents an overview of the cognitive and linguistic profile of individuals with
PWS. It is beyond the scope of this dissertation to provide an exhaustive description of the clinical
and behavioral characteristics of this syndrome and we refer the reader to Butler et al. (2006) for
a complete review. This chapter is divided in three sections. In section 3.1, we present a general
outline of the cognitive an linguistic abilities of the PWS population; in section 3.2, we review the
main findings of previous research examining the EC, metalinguistic and narrative abilities of
monolingual speakers with PWS;¢ and finally, in section 3.3, we review the very few pieces of
research dealing with the linguistic abilities of bilinguals with PWS that have been published. As
was the case with the previous chapter, the revision of the different studies presented here focuses
on the findings that are relevant for our specific purposes in spite of the fact that the scope of these

studies is sometimes broader.

3.1.  Cognitive and linguistic profile

PWS is a neurodevelopmental genetic disorder whose incidence has been estimated in one
out of 20.000-25.000 births (Whittington & Holland, 2017). Despite its low incidence, it is
considered to be one of the most common genetic syndromes among those identified and is not
related to race, sex, SES or geographical origin (Alexander et al., 1995). PWS is caused by
abnormalities in chromosome 15, more specifically by the “absence of expression of paternal
genes from chromosome 15911.2-q13” (Cassidy et al., 2012, p. 10). This region of chromosome

15 is the critical region for PWS and the lack of the paternal expression can obey, in Cassidy et

16 All the studies reviewed in section 3.1 describe the cognitive and linguistic abilities of monolingual speakers with
PWS and the majority of them did not include any reference to the participants linguistic background.
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al.’s words (2012, p. 10), to “three primary mechanisms”: Deletion (DEL), Uniparental disomy
(UPD) and Imprinting mutation. DEL, which is the most common PWS subtype, affecting 65-75%
of individuals, is caused by the absence of the paternal critical region of chromosome 15. UPD,
the second subtype in incidence affecting 20-30% of the PWS population, is caused by the presence
of two maternal copies of chromosome 15, and the Imprinting mutation subtype is caused by “a
so-called imprinting defect”, as defined by Cassidy et al. (2012, p. 10), which has a very low
incidence as it only represents 1-3% of the cases (Cassidy et al., 2012; Foundation for Prader-Willi
Research, n.d.).

The most distinctive trait of PWS is hyperphagia (extreme appetite), which, if not
controlled, can cause morbid obesity (Cassidy & Driscoll, 2009). In fact, PWS is the principal
genetic cause for obesity (Bueno Diez & Caixas Pedragés, 2014) and these individuals’
compulsive need to seek food is caused by the absence of sense of satiety due to an hypothalamus
dysfunction (Cassidy & Driscoll, 2009). Other physical characteristics of individuals with PWS
are hypotonia (poor muscle tone), short stature and distinctive facial features (Cassidy, 1997).
They also present cognitive and developmental delays as well as behavioral disturbances (see
Cassidy, 1997 for a complete review). For instance, as Cassidy et al. (2012) describe, individuals
with PWS tend to be stubborn, controlling and/or manipulative and they usually experience temper
tantrums as well as obsessive-compulsive behaviours.

It has been argued that the 15911-g13 chromosome region is key for the ASD
(Dimitropoulos et al., 2019; Dykens et al., 2011; Wang et al., 2018; among others). Thus, the
relation between PWS and ASD has received considerable attention, especially during the last
years. Although these two DD may share some social interaction difficulties, they display rather

distinctive features. At first it was suggested that the prevalence of ASD among individuals with
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PWS was higher than what it is actually believed to be, since according to Dimitropoulos et al.
(2019, p. 4442), the incidence would be of 12.3% in contrast to the 25-41% previously proposed.
However, UPD individuals seem to be more prone to autism because they show more similarities
with the ASD individuals than those shown by their peers with DEL (Dimitropoulos et al., 2019;
Dimitropoulos, Ho, et al., 2013; Dimitropoulos & Schultz, 2007; among others). In our participant
sample (15 participants), two individuals had been diagnosed with UPD, two other individuals
with Imprinting and no ASD confirmed diagnosis was disclosed for any of the participants of the
study despite their belonging to either of the three groups.

Leaving aside the clinical studies, the bulk of previous research on PWS has mainly focused
on these individuals’ behavioral characteristics and, to a lesser extent, on their cognitive profile.
The cognitive abilities of PWS individuals vary from person to person but, in general terms, they
present mild to moderate ID with a full-scale 1Q ranging on average between 50 and 70
(Dimitropoulos, Ferranti, et al., 2013; Dykens et al., 1992; Pegoraro et al., 2014; among others).
There are also individuals that present an average 1Q while other manifest a significant impairment
(see Curfs et al., 1991). Nonetheless, unlike other genetic syndromes, individuals with PWS do
not appear to experience an 1Q decline over time (Dykens et al., 1992; Whitman & Thompson,
2006). Other cognitive areas that have been scrutinized and that seem to reveal certain strength are
long-term memory in comparison to short-term memory (Conners et al., 2000), visual processing
in contrast to auditory verbal processing skills (Curfs et al., 1991; Gabel et al., 1986), and
simultaneous processing in comparison to sequential processing (Dykens et al., 1992). Besides
this, PWS individuals have been found to outperform the TD population with jigsaw puzzle skills
(Dykens, 2002) and individuals with DEL have been revealed to be specially good at it (Dykens,

2002; Veltman et al., 2004). However, it remains unclear whether these skills are due to a cognitive
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advantage or the result of mere practice (Whittington & Holland, 2017). In contrast to these
strengths, PWS individuals show shortcomings with mathematical skills (Bertella et al., 2005) and
they usually present deficits of attention (Gross-Tsur et al., 2001; Jauregui et al., 2007), a trait that
has been carefully taken into consideration when designing the experimental tasks included in this
dissertation. Differences between the 1Q score of individuals with DEL and UPD have also been
investigated and the findings are not necessarily straightforward. It has been proposed that these
groups differ in terms of verbal 1Q, with UPD individuals showing better outcomes (Roof et al.,
2000). However Copet et al.’s (2010) and Dimitropoulos, Ferranti et al.”’s (2013) results do not
show differences between DEL and non-DEL individuals at the verbal 1Q level, rather at the
performance 1Q level, favouring the DEL group. Additionally, these two studies revealed that in a
within-group analysis non-DEL individuals showed better verbal 1Q than performance 1Q scores.
It appears then, that in summary: DEL individuals score higher on performance 1Q than non-DEL
individuals; there is no difference between DEL and non-DEL individuals in verbal 1Q; non-DEL
individuals score higher on verbal 1Q than performance 1Q.

The study of the linguistic abilities of the PWS population has been rather limited (Kleppe
et al., 1990) and, as a consequence, as Lewis (2006) points out, the picture of the linguistic profile
of this population is not as “well” described as for other genetic syndromes that have traditionally
received more attention, as is the case of DS, or WS, for example. However, what previous
research has demonstrated is that the speech and language development of individuals with PWS
are impaired, although the degree of impairment may vary from one person to another (\VVan Borsel
et al., 2007). Among the different factors that may play a role in the individuals’ variability, we
find the level at which they are affected by different clinical features. For instance, as described in

Lewis (2006) and Lewis et al. (2002), these individuals’ mouth and dentition idiosyncrasies (e.g.,
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narrow overjet and palatal arch) could affect their articulatory abilities and the hypotonia and
larynx characteristic may play a role in these individuals’ vocal pitch, among other vocal features.
Similarly, Lewis and colleagues maintain that the PWS individuals’ cognitive profile (e.g., mild
to moderate ID) regulates, somehow, their receptive and expressive language abilities and the
typical behavioural disturbances of this syndrome condition, as well as these individuals’ social
interaction and pragmatic abilities. In general, people with PWS show language delay and
impairment with both receptive and expressive language (Lewis, 2006; Lewis et al., 2002); the
latter having been said to be more affected (Branson, 1981; Downey & Knutson, 1995).
Nevertheless, similar outcomes at both receptive and expressive levels have also been attested and
even better expressive than receptive language abilities have been found for individuals with the
UPD subtype (Dimitropoulos, Ferranti, et al., 2013). Likewise, it has been found that the linguistic
abilities of the PWS population lag behind their chronological age (Kleppe et al., 1990; VVan Borsel
etal., 2007) and that their language abilities tend to be lower than what would actually be expected
taking into account their cognitive abilities (Dimitropoulos, Ferranti, et al., 2013).

One of the linguistic areas that has received relative attention has been the study of these
individuals’ speech abilities (see Downey & Knutson, 1995; and Lewis, 2006 for overviews).
Some distinctive features that have been documented are the presence of: (i) dysfluent speech
(Defloor et al., 2000); (ii) acoustic and aerodynamic impairments (Defloor et al., 2001); (iii)
articulation, intelligibility and voice deficiencies (Kleppe et al., 1990); and (iv) pitch and resonance
problems (Akefeldt et al., 1997). Morphosyntactic studies are scant but have revealed that the
morphosyntactic development is delayed and that shortcomings in this respect are perceived since
very early on (Atkin & Lorch, 2007). Downey and Knutson (1995, p. 145) argue that individuals

with PWS show difficulties with morphology (e.g., plurals or past tenses) and that these shortfalls
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could be explained in terms of: (i) difficulties with morphological cues per se or (ii) challenges
when producing certain sounds, which would be caused by articulatory problems. Conversational
and spontaneous data have also revealed shorter Mean Length of Utterance (MLU) for PWS
individuals in comparison to the TD population (Kleppe et al., 1990; Lewis et al., 2002; Van Borsel
et al., 2007), which is interpreted as the presence of deficiencies in relation to the development of
the morphosyntactic abilities. On the other hand, lexical variability abilities measured through the
Type-Token Ratio (TTR) do not seem to be a particular challenge for this population (Van Borsel
et al., 2007), nor does the process of reading (Cassidy, 1997; Dykens et al., 1992), and these two
abilities are considered relative strengths for this population.r” At the pragmatic level, according
to Downey and Knutson (1995) and Lewis (2006), these individuals show difficulties in
maintaining a topic, in keeping an appropriate physical distance with their interlocutor and in
respecting conversational turns.

In summary, PWS individuals present behavioral disturbances as well as both cognitive

and language deficits which affect their daily lives as well as their social interaction.

3.2.  Executive control, metalinguistic and narrative abilities

The study of the EC control abilities of individuals with PWS has received certain degree
of attention within the field and, with some exceptions (Walley & Donaldson, 2005), previous
research has revealed systematic deficiencies of the PWS population in this respect. For example,
Chevalere et al. (2013) analyzed the EC abilities of 20 individuals with PWS (age range 19-49
years old) to whom they administered the six subtests of the Behavioral Assessment of

Dysexecutive Syndrome (BADS) (Wilson et al., 1996). Participants’ results on their “planning,

17 As Lewis (2006) points out, reading abilities refer to the reading decoding skills, since in some cases individuals
show good reading decoding abilities but fail at reading comprehension.

47



organizing, switching/shifting, cognitive estimation, monitoring and inhibition” abilities
(Chevalére et al., 2013, p. 312) were contrasted with those from the TD and, what the authors
define as, the ‘“neuropathological standardized population”. Results revealed that the PWS
individuals showed impaired EC abilities in comparison to the TD population but comparable
skills to those described for the neuropathological group. Likewise, the authors also found a
correlation between the full-scale 1Q and the verbal 1Q with the EC outcomes. One of the
limitations of this work, as highlighted by the authors in a subsequent study (Chevalere et al.,
2015), was the difficulty of drawing conclusions about specific EC deficits, since the different
tasks administered evaluated diverse EC abilities at the same time. Thus, in an attempt to obtain a
more accurate picture of the inhibition, switching and updating abilities of the PWS population,
Chevalére et al. (2015) administered different computerized tasks to 17 TD individuals (age range
20-63 years old) and to 17 PWS individuals (age range 18-55 years old). As in the previous study,
results revealed deficiencies for the PWS population in the three aforementioned EC abilities,
whose performance seems to be globally related to the individuals’ IQ but not in exclusivity. These
results are in line with Woodcock et al. (2009), who compared the attention switching abilities of
28 TD individuals (age range 5;1-11;9 years old), 28 individuals with Fragile X syndrome (age
range 9;2-19 years old) and 28 individuals with PWS (age range 6;10-18;7 years old) and found
that both non-TD populations showed shortcomings and that in the specific case of the PWS
individuals they persisted even when controlling for 1Q.

Potential differences between the DEL and the UPD groups at the EC level have also been
investigated. Stauder et al. (2005) investigated the inhibition abilities of 22 adult individuals with
PWS (11 with DEL [mean age 26.7 years old] and 11 with UPD [mean age 27.7 years old]) and

of 11 TD adults (mean age 27.3 years old). The study included both behavioral data (accuracy and
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RT) and ERP data. The results showed that individuals with UPD significantly differed from DEL
and from TD individuals by showing less accuracy and higher RT. At the neuronal level, both
PWS subtypes showed deficits in terms of “early inhibition processes”, while at the “late general
inhibition processes” only the UPD did (Stauder et al., 2005, p. 1468). Chevalere et al. (2013),
when evaluating the EC abilities of the 20 participants with PWS previously presented, divided
the sample in two groups: 14 individuals with DEL and 6 with UPD. Their results revealed that
individuals with UPD performed worse than their DEL peers in two tasks measuring shifting and
inhibition abilities, on the one hand, and planning, monitoring and organizing skills, on the other
hand. These two studies coincide in showing certain advantage for DEL individuals at the EC
level; nonetheless, results need to be taken cautiously given the low number of participants in
general, and of individuals in the UPD group in particular.

To the best of our knowledge, no previous research explicitly addressing the metalinguistic
abilities of the PWS population has been conducted. However, some studies intended to shed light
on the EC of these individuals have administered different tasks that could be considered
metalinguistic measures under the Bialystok’s metalinguistic cognitive framework. Friesen and
Bialystok (2012) in their overview paper reviewed the results of different metalinguistic tasks
among which they discussed two different fluency tasks: what they call a “category fluency task”
and a “letter fluency task”. While in the former task participants are asked to produce the maximum
words possible according to a semantic category (e.g., animals or objects) over one minute, in the
latter they are asked to produce the maximum words possible starting with a specific letter (e.g.,
A or B) in the same amount of time. These two tasks, albeit similar, are said to tap different levels
of EC, since as Friesen and Bialystok (2012) argue in the case of the letter fluency task, in order

to succeed participants need to focus on the initial letter of the word while overlooking potential
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semantically related words that could come up as the result of the word produced. Jauregui et al.
(2007) administered these two fluency tasks to 16 individuals with PWS (age range 17-48 years
old) whose performance was compared to standardized scores from TD individuals and the results
showed important shortcomings for the PWS population on both tasks. In addition, it was also
revealed that the full 1Q and the verbal 1Q were significantly correlated with the results of both
tasks. Walley and Donaldson (2005) also administered these two tasks to 18 individuals with PWS
(age range 16-49 years old; 12 with DEL and 6 with UPD) and to 15 TD individuals (age range
18-49 years old) but, unlike Jauregui et al. (2007), these authors neither found differences between
PWS and TD individuals nor between the DEL and the UPD subtypes.

Beyond the study of the linguistic abilities using standardized tests or very controlled
experimental tasks (Dimitropoulos, Ferranti, et al., 2013; VVan Borsel et al., 2007; among others),
very few studies have investigated the linguistic abilities of this population using
(semi)spontaneous data and those studies mainly focused on the analysis of these individuals’
narrative abilities. Narrating is a complex process that implies the integration of both linguistic
and non-linguistic knowledge (Tsimpli et al., 2016) and this has been proven to be challenging for
the PWS population. Previous research investigating the narrative abilities of individuals with
PWS has highlighted their poor narrative abilities and the impact that this fact has on their social
relations and academic achievement (Lewis, 2006). Lewis et al. (2002) studied the narrative
abilities of eight preschool children (age range 2-5 years old), eight school age children (age range
5-12 years old), and eight adolescent and adult individuals (more than 12 years old) with PWS.
Participants were presented with a retelling task and their narratives were transcribed and analyzed
according to the story grammar and the content items included. Participants were also asked to

answer different inferential and factual questions about the story read. The results showed that the
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youngest participants had serious problems to perform both tasks (to retell the story and to answer
the comprehension questions) and that while the narrative and comprehension abilities improved
with age they continued to be strongly affected in the older participants. Garayzabel-Heinze et al.
(2012) compared the narrative abilities of two individuals with PWS (12;9 and 13;9 years old),
two individuals with WS (11;10 and 13;3 years old), and two individuals with Smith-Magenis
syndrome (10;3 and 12;7 years old). Participants were presented with the picture book Frog, where
are you? and were asked to narrate the story. Their narrative production was transcribed and
analyzed according to three established measures: (i) structure and coherence, (ii) process and
complexity and (iii) content and multiplicity (see Goncalves, Henriques, & Cardoso, 2001;
Gongcalves, Henriques, Alves, et al., 2001; Gongalves, Henriques, Soares, et al., 2001 for an
overview of this narrative protocol analysis). Results reflected that participants with the three
genetic syndromes showed impaired narrative abilities. In the specific case of PWS, special
difficulties were found for the structure and coherence and process and complexity measures,
where they scored worse than their peers. In comparison to the previous two measures, PWS
individuals showed relative strengths with the content and multiplicity one, since they showed
similar outcomes to individuals with WS and slightly higher scores than individuals with Smith-
Megenis syndrome. Despite using different elicitation methods, different narrative tasks and
different target languages, both Lewis et al. (2002) and Garayzabal-Heinze et al. (2012) found

parallel results: narrative shortcomings at the macrostructural level.*

18 The authors did not discuss the linguistic profile of their participants. In Lewis et al.’s (2002) study we assumed
that participants were English monolingual speakers because data collection took place in Ohio (USA), while
Garayzabal-Heinze et al.’s (2012) participants were considered Spanish monolingual speakers as data collection took
place in Madrid (Spain).
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3.3.  Bilingualism in Prader-Willi syndrome

Different clinical case study research papers have included bilingual participants.
However, the bilingual abilities of these participants have been presented as a mere descriptive
detail of the participants’ characteristics and have not been discussed beyond making reference to
their present or past ability to speak two languages (e.g., Buiting et al., 2000; Wey et al., 2005) if
the bilingual exposure was disrupted. In other cases, the bilingual condition has been discussed as
a possible explanation for the unexpected results obtained. For example, Nugnes et al. (2013)
analyzed the cognitive and behavioral profile of an eight-year-old sequential bilingual Spanish-
Italian child with PWS (UPD). Focusing on the cognitive profile results of this individual, the
authors studied his full, verbal and performance 1Q. The findings revealed that he had a borderline
full-scale 1Q and that the performance 1Q scores were higher than the verbal 1Q outcomes. These
results were not in line with previous findings revealing that PWS individuals with UPD showed
better results for the verbal than for the performance 1Q (see section 3.1). The authors attributed
this unexpected finding to a possible effect of bilingualism, since it is inferred that the participant
was tested in his/her non-dominant language. In this case, although bilingualism was an intrinsic
characteristic of the participant, the study did not specifically focus on elucidating how speaking
two languages might affect this participant’s 1Q.

To the best of our knowledge, no previous research specifically addressing the study of
bilingualism among the PWS population has been conducted beyond Garcia-Alcaraz (2018) and
Liceras and Garcia-Alcaraz (2019). Both studies are case studies including an English-Spanish
male adult bilingual with PWS. Spanish was this individual’s heritage language and English the
environmental and dominant language. Garcia-Alcaraz (2018) compared this individuals’ (33

years old at the time of testing) narrative abilities to those of a TD English-Spanish adult bilingual
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with a similar linguistic background. They were both presented with two picture books from the
Frog Stories series and were asked to narrate each picture book in both languages in different
experimental sessions. Narratives were analyzed at the macrostructural and microstructural level.
Microstructural analysis focused on the MLU and the TTR indexes while the macrostructural
analysis, as in Garayzabal-Heinze et al. (2012), followed Gongalves and collaborators’ evaluation
protocol (Gongalves, Henriques, & Cardoso, 2001; Gongalves, Henriques, Alves, et al., 2001;
Gongcalves, Henriques, Soares, et al., 2001). Results revealed that the narrative abilities of the PWS
individual were compromised at both the macrostructural and the microstructural level but that the
shortcomings detected were comparable in both English and Spanish. Also, the MLU and the
macrostructural abilities improved the second time the participant with PWS narrated each story.

Liceras and Garcia-Alcaraz (2019), for their part, investigated this individual’s
representation of grammatical gender (34 years old at the time of testing) using codeswitched
structures. As has been suggested, the use of codeswitched structures allows one to determine
whether speakers of two languages differing with respect to the presence or absence of
grammatical gender transfer the gender of the gendered language to the genderless one (Liceras et
al., 2016). This phenomenon, known as Analogical Criterion (AC) (Otheguy & Lapidus, 2005) has
been found to be respected by TD bilinguals whose dominant language has grammatical gender.
Namely, these individuals favor switches involving a gender matching determiner + noun switch
as in (1) versus the non-matching version in (2). They also favor the gender matching noun—
adjective sequence, in (3) over the non-matching version in (4) (see Liceras et al., 2016 for an
overview and a detailed discussion of similar examples). Thus these individuals seem to apply the
AC in both structures when performing a SJT in which they are asked to rate different sentences

as in (1-(4, or in a Sentence Completion Task (SCT), where they are asked to provide either the
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determiner of the adjective when asked to complete phrases and sentences such as those listed in
(1) to (4) along the lines of Liceras et al. (2016).

(1) Lagther) Ventanagwindowr].
(2) Elfthemy ventanagwindowr].
(3)The ventanayia ventanar] IS blancagis witer].

(4)The ventanayia ventanar] IS blancois whitem).

The English-Spanish bilingual with PWS was administered both the SJT and the SCT
designed and used by Liceras et al. (2016) with TD Spanish-English bilingual children and adults
(either Spanish or English dominant). Results showed that the PWS participant, despite being
English dominant, performed similarly to the TD Spanish dominant bilinguals described in the
aforementioned study in the sense of abiding by the AC, especially in the SCT.

These two studies, with all due caution given their case study nature, rather than a
detrimental effect of bilingualism, show a positive effect and are in line with previous research
centered on investigating bilingualism in individuals with other genetic syndromes (see section 2.3
for a review).

In broad terms, in this chapter it has become apparent that the PWS population show
deficiencies at both the cognitive and the linguistic level and that these individuals show
impairments with EC, metalinguistic and narrative abilities. The next step is to determine whether,
within their limitations, monolingual and bilinguals with PWS show comparable abilities and
whether bilingual individuals may benefit from bilingualism similarly to what has been proposed
for the TD population (see section 2.1) and more recently for some individuals with DLD-SLI and

ASD (see section 2.2).
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4. Overview of the study

In this chapter we introduce the various aspects of the study conducted to investigate
whether and how monolingual and bilingual individuals with PWS compare in terms of linguistic
and cognitive abilities and whether or not Spanish-Catalan bilinguals show instances of a BA
similarly to what some studies have found for TD individuals, and, more recently, for non-TD
individuals. The main objective of this chapter is to present the reader with an outline of the general
study which will set the foundation for the detailed analyses of the participants’ EC (chapter 5),
metalinguistic (chapter 6), and narrative (chapter 7) abilities. We first present the research
questions together with their corresponding hypotheses (4.1). Next, we present the standardized
tests administered (4.2.), as well as a detailed description of the participants’ characteristics and
their linguistic and cognitive profile (4.3). We then provide a general overview of the different
tasks administered (4.4), in addition to the specification of the procedure followed for conducting
the data collection (4.5). The chapter finishes with a general description of the statistical analyses

carried out (4.6).

4.1. Research questions and hypotheses

The specific research questions that this dissertation is set up to answer and the

corresponding hypotheses that will be tested are as follows:

Research _guestion 1: How do bilinguals and monolinguals with PWS compare with respect to

EC, in particular in relation to the interference suppression abilities?

Hypothesis 1: based on previous findings concerning the effects of bilingualism on

individuals with genetic syndromes (see section 2.3), we do not anticipate a bilingual
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detrimental effect for the PWS population. If a bilingual effect is detected and it is
somehow similar to that described for the TD population (see section 2.1.1) and, more
recently, for non-TD individuals with ASD (see section 2.2.1), this effect is expected to be
positive. More precisely, taking into account Hilchey and Klein’s (2011) review of results
for the TD population, a potential BA would manifest as a general processing advantage

(BEPA hypothesis) rather than as an smaller interference effect (BICA hypothesis).

Research guestion 2: How do bilinguals and monolinguals with PWS compare with respect to

metalinguistic abilities?

Hypothesis 2: as we anticipated in the previous research question, no negative effects of
bilingualism are expected for the PWS population. Likewise, if bilingualism plays a similar
role in the metalinguistic abilities of both TD and non-TD individuals, following
Bialystok’s metalinguistic cognitive framework (Bialystok & Ryan, 1985), we expect that
dual speakers with PWS will outperform their monolingual peers on challenging measures
in terms of EC (i.e., when judging grammatical but meaningless sentences or when
determining the longest word of a pair where the word size and the word length are
incongruent). Conversely, no BA is anticipated when evaluating measures with low
demands of EC (i.e., when judging ungrammatical but meaningful sentences, which
assesses the participants’ grammatical knowledge; and when determining the longest word
of a pair, where the word size and the word length are congruent). In fact, in the specific
case of the SJT, if differences between monolinguals and bilinguals are detected when
judging ungrammatical but meaningful sentences, these are expected to favor Spanish

monolinguals, since bilinguals are predominantly Catalan dominant.
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Research question 3: How do bilinguals and monolinguals with PWS compare with respect to

narrative abilities at the macrostructural and microstructural levels?

Hypothesis 3: as in the previous two research questions, bilingual individuals with PWS
are not expected to show shortcomings when their narrative abilities are compared to those
of their monolingual peers. If an effect of bilingualism is similar between the TD and non-
TD population (see sections 2.1.3 and 2.2.3) at this level, a potential BA may arise when
comparing their macrostructural abilities. However, due to the fact that our bilinguals are
predominantly Catalan dominant, no BA is anticipated at the microstructural level. In this
case, if a between-group difference is detected, monolinguals are expected to show better

outcomes.

In addition, and even though they do not constitute core aspects of this dissertation, we are
also interested in analyzing the global effect of the participants’ individual differences in terms of
nonverbal 1Q, receptive vocabulary, and sentence recall abilities on the results obtained, as well as
in investigating whether bilinguals® metalinguistic and narrative abilities differ in Spanish and

Catalan. Our fourth and fifth research questions address these two additional objectives as follows.

Research question 4: Do participants’ individual differences in terms of nonverbal 1Q, receptive

vocabulary, and sentence recall abilities play a role in explaining some of the overall data
variance observed when analyzing the participants’ EC, metalinguistic, and narrative ability

results?

Hypothesis 4: previous research investigating the EC and metalinguistic abilities of the

PWS population has suggested that these individuals’ IQ may play a role in their
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performance (see section 3.2). Taking this into account, it may be the case that despite the
lack of overall significant group differences, individual differences according to nonverbal
1Q, as well as to receptive vocabulary and sentence recall abilities could have an impact on
the participants’ EC, metalinguistic and narrative abilities (RT, accuracy rates and narrative

assessment).

Research guestion 5: Do bilingual speakers show comparable metalinguistic and narrative

abilities in both Spanish and Catalan or do they perform better in Catalan, the predominantly

dominant language?

Hypothesis 5: the relevance of the language dominance factor among TD individuals has
been extensively discussed within the literature (see Treffers-Daller, 2019 for an
overview). Anticipating a similar effect among non-TD individuals, bilinguals with PWS
are expected to perform better in Catalan than in Spanish, particularly when dealing with
measures that evaluate principally linguistic knowledge (i.e., narrative abilities at the

microstructural level and essentially grammatical judgments in the SJT).

4.2.  Questionnaires and standardized tests administered

In order to have a better understanding of the participants’ family profile and of their
language fluency background, the participants’ parents were asked to complete two questionnaires
created for that purpose.’® Additionally, the participants’ nonverbal 1Q, receptive vocabulary (also
an indirect measure of verbal 1Q and proficiency level), and sentence recall abilities (also an

indirect measure of expressive language and working memory capacities) were assessed using

9 The family profile and language fluency background questionnaires used in this dissertation were an adaptation of
the documents used for that purpose at the Language Acquisition Research Laboratory of the University of Ottawa.
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different standardized tests. Monolingual speakers were administered the receptive vocabulary and
the sentence recall tests in Spanish while bilinguals completed both tests in Spanish and Catalan.?
All the standardized tests were administered by the author of this dissertation, who is a Spanish-
Catalan bilingual and who was trained on how to administer those tests before data collection took
place. To have an accurate picture of the cognitive and linguistic profile of our participants is
crucial, because, unlike in the TD population, and as already discussed in chapter 3, for PWS
individuals there is normally a gap between their chronological age and their language
development (Kleppe et al., 1990; Van Borsel et al., 2007). Furthermore, it has been shown that
these individuals’ linguistic abilities tend to be lower than what could actually be expected when
considering their cognitive abilities (Dimitropoulos, Ferranti, et al., 2013).

In the next section we provide a succinct description of the standardized tests used, as well
as of the family profile and the language fluency background questionnaires completed by the

participants’ parents.

Family profile background questionnaire

Throughout this questionnaire, participants’ parents provided information about their
languages and their level of study (primary, secondary, postsecondary and university), as well as
the participants’ general language knowledge and social background information, i.e.,
gender, age or PWS subtype. Following Calvo and Bialystok (2014, p. 281), the family SES was

determined according to the parents’ educational level, since, as these authors and other

20 As will be further discussed in detail in this section, there are no Catalan standardized versions available to assess
the participants’ receptive vocabulary and sentences recall abilities. Consequently, translations/adaptations of the
Spanish and English versions of these tests were used to elicit data intended to test these linguistic abilities in Catalan.
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researchers suggest, this variable normally correlates with other socioeconomic variables (e.g.,

career and salary).

Language use and fluency questionnaire

Participants’ parents also completed a language use and fluency questionnaire where they
specified when the participants’ started to speak, read and write; the language of instruction at
different developmental levels; the Spanish and/or Catalan percentage of language used with
different interlocutors, and the effort required in Spanish and/or Catalan to carry out different
linguistic activities involving oral and written comprehension and production skills. The measure
taken into account to compare the participants’ effort for oral/written comprehension/production
skills was the mean score (using a scale from 1 to 9; 1 being very easy and 9 very difficult)
computed from the different tasks included for each linguistic skill (oral/written

comprehension/production).

Nonverbal intelligence test

Participants’ nonverbal 1Q was assessed through the Test of Nonverbal Intelligence 2
(TONI-2) (L. Brown et al., 1990), a test where no language interaction is involved and which
assesses the nonverbal cognitive development of individuals between 5;0-85;11 years old. In this
test participants are presented with different abstract problem-solving items of increasing

difficulty.

Receptive Vocabulary test
Participants’ receptive vocabulary abilities were evaluated with the standardized Spanish

version of the Peabody Picture Vocabulary Test (PPVT-111) (Dunn et al., 2006), which is meant
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to be administered to individuals between 2;5-90 years old. As a standardized version of the PPVT
is not available in Catalan, the form A of the PPVT-4 English version (Dunn & Dunn, 2007) was
translated/adapted into Catalan and administered to dual speakers.? In both Spanish and Catalan
tests participants were orally presented with different words of increasing difficulty and were asked
to select the picture (out of 4) that they considered best depicted the word presented. The PPVT
has been proposed to be a good proxy for mental age discrimination (Garayzabal-Heinze et al.,
2012) and a good indicator of language proficiency level (Bialystok, Peets, et al., 2014). Previous
research has also revealed a high correlation between the PPVT and the verbal 1Q for TD children
(Hodapp & Gerken, 1999), TD adults (Bell et al., 2001) and non-TD individuals with ASD
(Krasileva et al., 2017). Consequently, the PPVVT seems to be a solid measure that goes beyond its
primary function of evaluating the receptive vocabulary (see Strauss et al., 2006, pp. 940-953 for

a complete review of the PPVT and its implications).

Sentence recall test

The sentence recall test administered was the standardized subtest of the Spanish version
of the Clinical Evaluation of Language Fundamentals-CELF 5 (Wiig et al., 2018). Participants
were presented orally with different sentences of increasing complexity in terms of length and
language and were asked to repeat the sentences exactly as heard without introducing any changes.
This task, beyond evaluating individuals’ expressive language, has also been argued to be a good
indicator of the individuals’ working memory abilities (Alloway & Ledwon, 2014). Although the

Spanish version of this test is conceived for individuals between 5-15 years old, all the participants’

21 To translate an standardized version of the PPVT to a language that does not have one seems to be standard practice
within the field (Bialystok & Barac, 2012, p. 61; Cleave et al., 2014, p. 46; among others). Different from the English
materials, the Spanish PPVT version only includes one form. Thus, in order to avoid administering the Spanish test
twice, with all the implications that this might have for the results reliability, we decided to resort to the English
version. Consequently, Catalan results are not standardized and need to be interpreted cautiously.
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sentence recall abilities were evaluated using this version even if their chronological age was above
this cut-off. In those cases, following Dimitropoulos et al. (2013), who used the English version
of the CELF subtest with PWS individuals over its upper age limit (21 years old), we calculated
the participants’ standardized measures as if they were 15 years old. As in the case of the PPVT,
there is not a standardized version of this test in Catalan. Therefore, the sentences were translated
and adapted into Catalan and were administered in successive days. Once more, Catalan results

are not standardized and results need to be interpreted prudently.

4.3.  Participants’ cognitive and linguistic profile

A total of 16 participants (eight bilinguals and eight monolinguals) were recruited in Spain.
Monolingual speakers were recruited and tested in the Autonomous Community of Madrid
(Spanish monolingual region) and bilingual speakers were recruited and tested in Catalonia
(Spanish-Catalan bilingual region). One bilingual participant was excluded from the study because
he/she did not complete all the tasks and the tasks completed did not contain enough material to
be evaluated. Thus, the final sample consisted of 15 participants: eight monolinguals (M = 22.80
years old, SD = 11.58, age range 9;4-47;0) and seven bilinguals (M = 18.04 years old, SD = 8.95,
age range 10;5-33;10), of which six were female and nine were males. Females were evenly
distributed across groups. All participants had been diagnosed with PWS and no other medical
condition potentially affecting their cognitive or linguistic abilities was disclosed. The sample
included participants with different PWS subtypes (DEL n =11, UPD n =2 and Imprinting n = 2).
Participants with Imprinting were evenly distributed across groups and the two individuals with

UPD were bilingual speakers. All participants completed all the experimental and narrative tasks,
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however, in specific cases one or several participants were excluded from a particular data
sample.??

In terms of schooling, participants had different educational experiences. In Spain the
education competencies are transferred to the different autonomous communities, hence, taking
into account that monolingual and bilinguals were from two different regions (Madrid and
Catalonia), the two groups had different schooling experiences. Even within the same autonomous
community the participants’ educational characteristics might have varied since each educational
center had different policies to integrate students with special needs. However, despite the possible
differences that may exist, what is important to highlight is that the majority of them have attended
inclusive primary and secondary school with curriculum adaptation. Nevertheless, as each
individual is unique, in certain cases the schooling experience has been primarily that of the special
education system or a combination of both an inclusive and special education schooling
experience. The language of education in Madrid is Spanish while in Catalonia it is Catalan.
However, a recent study shows that although Catalan is the language of education in Catalonia,
Spanish seems to be the most used language in the playground in both primary and secondary
schools among Catalan students in urban areas (see Plataforma per la llengua, 2019), where our
bilingual speakers were recruited. Moreover, despite the fact that education is imparted in Catalan,
the Spanish proficiency level of Catalan students does not seem to be compromised. Between 2009
and 2010, the National Institute of Educational Evaluation (INEE Spanish acronym), under the

Spanish Ministry of Education, carried out the General Diagnosing Surveys to assess, among other

22 One bilingual was excluded from the participants’ sample in the Stroop task due to colour blindness and one
monolingual and one bilingual were excluded in the narrative task because of unintelligibility and/or distraction. When
this happened, the essential group characteristics for that specific data sample were provided in the participants’
section in chapters 5and 7.
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capacities, the Spanish proficiency level of students in fourth and eighth grade in all the national
territory. Results revealed that the Spanish proficiency level of Catalan students was not only
within the national average but exceeded that of some students receiving education only in Spanish
in different monolingual autonomous communities (INEE, 2010, 2011). Independently of whether
they were educated in Madrid or in Catalonia, most of the participants were receiving or had
received instruction in a foreign language during their school period, English being the most
common option, although in one case it was French. In the case of monolingual speakers, Spanish
was the environmental and educational language and the only language used within the family and
social circles.® For bilingual speakers, Catalan and Spanish were both environmental languages
but Catalan was the language of education and the main language of communication within the
family and social circles.? According to the bilingual parents’ responses in the language use and
fluency questionnaire, the participants’ use of Spanish (in percentage) with the following
interlocutors was as follows: mother (M = 22.86, SD = 33.52, range 0-80); father (M = 32.86, SD
=44.99, range 0-100), caregiver (M = 40, SD =52.92, range 0-100); friends in school (M = 31.43,
SD = 33.38, range 0-90); friends outside of school (M =32.86, SD = 28.70, range 0-80); coworkers
(M =45.00, SD = 35.36, range 20-70).25 We can therefore conclude that our bilingual participants
are Catalan dominant with the exception of one participant, who, despite coming from an
eminently Catalan speaking family, the family kept Spanish as the main language of
communication with him/her as he/she received special education in Spanish and they were

recommended to focus on one language. Following Montrul (2008), our participant sample could

23 One monolingual participant lived and attended typical schooling (grade 1) in The United Kingdom during one
year. Currently this participant only speaks Spanish and is considered by his/her family a monolingual Spanish
speaker.

24 In the case of one bilingual speaker the father’s first language was Serbian. Although the bilingual participant is
able to recognize some basic words in Serbian the family considers him/her as only Spanish-Catalan bilingual.

% The mean calculation of the language spoken with the caregiver and the coworkers was only for the participants
who declared to have linguistic interchanges with these people (three cases for each case).

64



be defined as early-sequential bilinguals, since for the majority of them Catalan was the family
language and their formal contact with Spanish started in kindergarten or primary school when
they were on average between 3-6 years old.? Therefore, from this moment onwards the bilingual
group will be referred to as Catalan dominant early-sequential bilinguals, since this is the label that
best represents the idiosyncrasies of this group, a group that we have to acknowledge as being
quite homogenous given the idiosyncrasies of the population. Interestingly enough, as will be
discussed later in this section, even though Spanish is supposed to be the “weaker” language for
bilinguals, according to the standardized tests results, their competence in Spanish does not seem
to differ from the one observed among monolingual speakers. A Catalan monolingual control
group is not included in the study because Catalan monolingual speakers are virtually nonexistent
(see Boix-Fuster & Sanz, 2008).

Parametric tests were used to analyze the participants’ demographic, cognitive and
linguistic characteristics. Norman (2010, p. 631) defends that “parametric statistics can be used
with Likert data, with small sample sizes, with unequal variances, and with non-normal
distributions, with no fear of ‘coming to the wrong conclusion™. Additionally, the use of parametric
methods seems to be the norm within the field even when including small samples (Cleave et al.,
2014; Edgin et al., 2011; Kay-raining Bird et al., 2005; among others). Pearson product-moment
correlation (also called Pearson’s r), t-tests, repeated-measures analysis of variance (ANOVA) and
mixed-design ANOVAs were used to analyze participants’ characteristics. Post hoc pairwise
comparisons using the Bonferroni correction were conducted when ANOVAs yielded significant

results. The alpha level was set at 0.05.7" Effect sizes for t-tests were estimated using Cohen’s

% For one bilingual, Spanish was the family language and the formal contact with Catalan started at school. However,
this participant nowadays identifies himself/herself as a Catalan dominant bilingual and the family corroborates this
information.

27 This alpha level applies to all the statistical analyses presented in this dissertation.
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index (d) % and effect sizes for ANOVAs were estimated using partial eta squared (7p?).° Both
SPSS (version 25) (IBM Corp., 2018) and JASP (version 0.11.1) (JASP Team, 2019) statistical
software were used to carry out the statistical analysis and compute the effect sizes. Sphericity was
checked with the Mauchly’s test and if this assumption was not met, the violation was reported
and the degrees of freedom were adjusted using the Greenhouse-Geisser correction (¢ < .75 ) or

the Huynh-Feld correction (¢ > .75) (Field, 2009, p. 461).%

Table 1. Chronological age and parental educational level by group.

Chronological age Maternal Education? Paternal Education?
Monolinguals Bilinguals Monolinguals  Bilinguals Monolinguals  Bilinguals

M 22.80 18.04 3.38 3.86 3.43 3.83
SD 11.58 8.95 0.92 0.38 0.79 0.41
Range  9;4-47;0 10;5-33;10 2.00-4.00 3.00-4.00 2.00-4.00 3.00-4.00

aMaternal and parental education range: 1 = primary school, 2 = secondary school, 3 = postsecondary
school, 4 = university studies.

The participants’ sample ranged from children to adults, adolescents and young adults
being the profile with highest incidence (see appendix A for a description of the participants’
characteristics). We are aware of the wide age range included in our sample but to recruit
participants with PWS, especially bilingual speakers, is not an easy task. Nonetheless, despite the
age diversity included in the sample (see Table 1) the two groups did not differ significantly in
terms of overall chronological age (t(13) = 0.88, p =.395, d = 0.46). As regards to SES (measured
through parental level of education), results showed a strong correlation between maternal and
parental education (r(13) = .82, p <.001). Therefore, the maternal education variable was selected

as the SES variable of reference because, unlike the parental education variable, it did not contain

28 The proposed interpretation for d is the following: 0.2 (small); 0.5 (medium) and 0.8 (large) (Cohen, 1988).

2 The proposed interpretation for 5,2 is the following: 0.01 (small); 0.06 (medium) and 0.14 (large) (see Richardson,
2011).

30 This procedure was also applied in successive analyses.
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missing values. Results did not display differences between groups in terms of SES (t(13) =-1.30,
p = .218, d = -0.67); hence, both monolinguals and bilinguals seem to share a common SES

background: middle class families.

Table 2. Speaking, reading and writing onset age by group.

Bilingual Monolingual
Catalan Spanish Spanish
Speaking Onset Age Mean 3.00 414 2.81
SD 1.04 1.60 1.16
Range 1.50-4.50 1.50-6.00 1.50-5.00
Reading Onset Age Mean 6.64 7.07 6.19
SD 2.53 2.32 151

Range  5.00-12.00 5.00-12.00 4.00-8.00

Writing Onset Age Mean 6.43 6.86 6.31
SD 251 2.34 1.44
Range 5.00-12.00 5.00-12.00 4.00-8.00

To have a better understanding of the participants’ onset age for speaking, reading and
writing in Spanish (see Table 2), a mixed-design ANOVA with Skill (Speaking, Reading and
Writing) as the within-subjects variable and Group (Monolingual vs. Bilingual) as the between-
subjects factor was run. The Mauchly’s test indicated that the sphericity assumption was not meet
for the repeated measure variable (y2(2) = 27.05, p <.001), thus, degrees of freedom were adjusted
using the Greenhouse-Geisser correction (¢ =.53). Results revealed a main effect of Skill (F(1.06,
13.72) = 24.81, p < .001, ;% = 0.66) but not of Group (F(1, 13) = 1.78, p = .205, np*> = 0.12). The
interaction between both factors was not significant (F(1.06, 13.72) = 0.30, p = .608, #p> = 0.02).
Pairwise comparisons with the Bonferroni correction showed a significant mean age difference
between the reading onset age and the speaking onset age (p < .001, d = 1.34) and between the

speaking onset age and the writing onset age (p < .001, d = -1.35) but not between the reading
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onset age and the writing onset age (p = 1.000, d = 0.07). These results show that for both
monolingual and bilingual speakers the speaking skill develops earlier than reading or writing,
which is expected, and that the reading and writing learning processes go hand in hand when
participants are in primary school.

A repeated-measures ANOVA with Skill (Speaking, Reading and Writing) and Language
(Spanish and Catalan) as the within-subjects variables for bilingual speakers revealed a main effect
of Skill (F(1.07, 6.44) = 10.64, p = .015, 7p 2= 0.64) but not of Language (F(1, 6) = 2.90, p =.140,
np? = 0.33) and the interaction between both factors was not significant (F(2, 12) = 2.89, p =.095,
np? = 0.33). As the Mauchly’s test indicated a violation of the sphericity assumption for the main
effect of Skill (y2(2) =9.91, p =.007), its degrees of freedom were adjusted using the Greenhouse-
Geisser correction (¢ = .54). The results indicate that the speaking, reading and writing onset age
of bilinguals does not significantly differ in both languages.

To analyze the parental evaluation of the receptive/expressive oral/written abilities in
Spanish (see Table 3), a mixed-design ANOVA with Mode (Oral and Written) and Process
(Comprehension and Production) as the within-subjects variables and Group (Monolingual vs.
Bilingual) as the between-subjects factor was carried out. Results showed a main effect of Mode
(F(1, 13) = 38.05, p < .001, 7p?>= 0.75) but not of Process (F(1, 13) = 0.57, p = .469, ;,>= 0.04) or
Group (F(1,13) = 1.52, p = .240, ny> = 0.11). None of the interactions was significant: Mode x
Group (F(1, 13) = 0.67, p = .427, np®> = 0.05), Process x Group (F(1, 13) = 1.83, p = .199, #p? =
0.12) and Mode x Process x Group (F(1, 13) = 3.34, p = .091, #p? = 0.20). These results suggest
that for both monolinguals and bilinguals written tasks entail a higher difficulty than oral tasks

independently of the process involved: comprehension/ production.
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Table 3. Parental evaluation of oral/written comprehension/production abilities by group.

Bilingual Monolingual

Catalan Spanish Spanish
Oral Comprehension Mean 3.17 3.94 3.53
SD 1.85 1.34 0.67

Range 1.38-6.38 1.88-6.13 2.50-4.50
Oral Production Mean 3.09 3.78 3.54
SD 1.21 0.74 1.44

Range 1.46-4.71 2.58-4.92 2.29-6.00
Written Comprehension  Mean 5.04 5.76 411
SD 1.47 0.55 1.61

Range 3.13-7.43 5.17-6.86 1.50-6.43
Written Production Mean 5.30 5.47 5.65
SD 2.18 1.94 1.22

Minimum 2.80-8.00 2.80-8.00 4.00-7.33

Oral/Written comprehension/production evaluation range from 1 (very easy) to 9 (very difficult).

To evaluate potential differences between Spanish and Catalan for bilingual speakers (see
Table 3), a repeated-measures ANOVA with Mode (Oral and Written), Process (Comprehension
and Production) and Language (Spanish and Catalan) as the within-subjects variables was run.
Results showed a main effect of Mode (F(1, 6) = 25.05, p = .002, 7% = 0.81) and a significant
interaction between Mode and Language (F(1, 6) = 13.16, p = .011, 7%= 0.69). No main effect of
Process (F(1, 6) = 0.01, p = .913, #p?= 0.00) nor Language (F(1, 6) = 1.88, p = .220, ;%= 0.24)
were detected as any of their interactions: Mode x Process (F(1, 6) = 0.02, p = .890, #p? = 0.00),
Process x Language (F(1, 6) = 2.02, p =.205, #p*= 0.25), Mode X Process x Language (F(1, 6) =
4.88, p = .069, np? = 0.45). Post hoc pairwise comparisons with the Bonferroni correction for the
interaction between Mode and Language yielded significant mean differences between Catalan
oral skills and Catalan written skills (p = .010, d = -2.02); between Spanish oral skills and written

Spanish skills (p = .021, d = -1.74); and between Catalan oral skills and Spanish written skills (p
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=.006, d = -1.64). These results are in line with the previous analysis revealing that written tasks

are harder than oral tasks in both Catalan and Spanish.

Table 4. Receptive vocabulary, sentence recall and nonverbal 1Q measures by group.

Bilingual Monolingual
Catalan Spanish Spanish
Receptive Vocabulary  Mean 91.57 67.86 64.13
Standard Score? SD 18.01 14.50 16.95
Range 67.00-118.00 55.00-91.00 55.00-94.00
Mean 169.57 110.71 117.88
Receptive Vocabulary  SD 26.74 24.36 25.33
Raw Score Range 134.00-198.00 87.00-157.00 86.00-162.00
Receptive Vocabulary  Mean 12.93 9.48 10.18
Age Aquivalent SD 4.19 3.19 3.30
Range 8;5-18;11 7:5-16;3 7:5-17;2
Sentence Recall Mean 71.43 72.14 66.88
Standard Score SD 19.73 20.59 14.87
Range 55.00-105.00 55.00-105.00 55.00-100.00
Sentence Recall Mean 30.14 29.29 28.13
Raw Score SD 21.76 23.60 15.55
Range 5.00-66.00 4.00-64.00 11.00-62.00
Sentence Recall Mean 6.76 6.89 6.18
Age Equivalent® SD 4.45 4.88 3.82
Range 3;0-15;10 3;0-15;10 3;0-15;10
Bilinguals Monolinguals
Mean 90.14 75.75
Nonverbal 1Q SD 11.01 10.35
Standard Score Range 79.00-112.00 55.00-87.00
Mean 18.71 12.75
Nonverbal 1Q SD 4.79 6.16
Raw Score Range 14.00-25.00 2.00-22.00

21Q measures are normally presented in standard scores (M =100, SD 15). Therefore, this score is used to
make results easily interpretable and comparable among measures.

bThe CELF-5 interpretation manual does not provide specific chronological age equivalents below or above
3;00-15;10 but the following interpretations: <3;00 or > 15;10 years old. Thus these two age points are used.

70



A mixed-design ANOVA with Standardized test (Nonverbal 1Q, Receptive Vocabulary,
and Sentence Recall) as the within-subjects variable and Group (Monolingual vs. Bilingual) as the
between-subjects factor revealed a main effect of Standardized test (F(2, 26) = 5.32, p = .012, 5p?
= 0.29) but not of Group (F(1, 13) = 2.96, p = .109, 7p?> = 0.19). The interaction between both
factors was not significant (F(2, 26) = .551, p = .583, np> = 0.04). Post hoc pairwise comparisons
with the Bonferroni correction showed a significant mean difference between nonverbal 1Q and
receptive vocabulary abilities (p = .015, d = 0.86) (see Table 4 for descriptive data). These results
do not indicate differences between groups with respect to these three standardized measures, but
they do reveal better nonverbal 1Q abilities than receptive vocabulary abilities for both
monolingual and bilingual speakers. We will come back to this issue at the end of this section.

No correlations were detected between the three standardized measures (standard scores):
sentence recall, and nonverbal 1Q (r(15) =-.09, p =.742); sentence recall and receptive vocabulary
(r(15) =.20, p = .471) and nonverbal 1Q and receptive vocabulary (r(15) = .06, p = .840). Likewise,
no strong correlation was found between the standard scores of the three standardized tests and the
chronological age variable (see descriptive data in Table 4): chronological age and nonverbal 1Q
(r(15) = -.08, p = .778); chronological age and receptive vocabulary (r(15) = -.39, p =.152) and
chronological age and sentence recall (r(15) = .08, p = .768). This is not surprising if we take into
account that chronological age is essential to computing the standard score and the three measures
were hence adjusted by it. Additional analysis comparing the raw scores (not adjusted by age) of
the three standardized tests and the chronological age did not reveal a strong correlation, which
supports the previously mentioned gap between chronological age and developmental age for PWS

individuals: chronological age and nonverbal 1Q (r(15) = .10, p = .731); chronological age and
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receptive vocabulary (r(15)= .45, p =.092) and chronological age and sentence recall (r(15) = .11,
p =.708).

The standard scores of the three standardized tests were analyzed next with gender, SES
and PWS subtype as the grouping variable. A mixed-design ANOVA with Standardized Test
(Nonverbal 1Q, Receptive Vocabulary and Sentence Recall) as the within-subjects variable and
Gender (Male vs. Female) as the between-subjects factor revealed a main effect of Standardized
test (F(2, 26) = 6.47, p = .005, 5% = 0.33) but not of Gender (F(1, 13) = 0.15, p =.708, 7= 0.01).
The interaction between both factors was not significant (F(2, 26) = 1.82, p = .182, #p? = 0.12).
The mixed-design ANOVA with Standardized test as the within-subjects variable and SES
(Secondary, Postsecondary and University Education) as the between-subjects factor showed a
marginal significant main effect of Standardized test (F(2, 24) = 2.87, p =.077, 5p>= 0.19) but not
of SES (F(2, 12) = 0.96, p = .410, np?> = 0.14). The interaction between both factors was not
significant (F(2, 24) = 0.340, p = .848, np?>= 0.05). Thus, no differences between gender and SES
were attested. The mixed-design ANOVA with Standardized test as the within-subjects variable
and PWS subtype (DEL, UPD, Imprinting) as the between-subjects factor yielded a main effect of
Standardized test (F(2, 24) = 4.65, p = .020, ;> = 0.28) and a marginal significant main effect of
PWS subtype (F(2, 12) = 3.47, p = .065, 7p? = 0.37). The interaction between both factors was
significant (F(4, 24) = 3.471, p = .023, 5p? = 0.37). Pairwise comparisons with the Bonferroni
correction for the significant interaction reveled the following significant mean differences:
nonverbal 1Q (DEL) and sentence recall (DEL) (p = .017, d = 1.04); sentence recall (DEL) and
sentence recall (Imprinting) (p = .007, d = -1.08); and sentence recall (Imprinting) and receptive
vocabulary (DEL) (p =.029, d = 0.94). It is premature at this point to draw conclusions about the

role of the PWS subtype taking into account the low variation across participants (more than 70%
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of the participants belonged to the DEL group). However, and even if we are looking at the data
from a rather exploratory stand, these results suggest that when comparing subtypes, individuals
with Imprinting appear to show better sentence recall abilities than individuals with DEL.

A repeated-measures ANOVA with Test (Receptive Vocabulary and Sentence Recall) and
Language (Spanish and Catalan) as the within-subjects variables for bilingual speakers yielded a
significant main effect of Language (F(1, 6) = 30.60, p =.001, #p* = 0.84) but not for Test (F(1, 6)
=0.72, p = .430, p* = 0.11). Nevertheless, the interaction between both factors was significant
(F(1, 6) = 50.97, p <.001, 7%= 0.90). Overall, results show a higher marginal mean for Catalan
than for Spanish (see Table 4 for descriptive data), which is not surprising taking into account that
bilingual speakers are predominantly Catalan dominant. Post hoc pairwise comparisons with the
Bonferroni correction for the Test x Language interaction showed better receptive vocabulary
abilities in Catalan than in Spanish (p <.001, d = 3.33). On the other hand, bilinguals demonstrated
comparable sentence recall abilities between languages (p = 1.000, d = -0.10). These results could
evidence that more than an expressive language measure the sentence recall test may be more a
working memory one, since no differences among languages were attested, unlike with the
receptive vocabulary measure. Given that Catalan tests are not standardized, these results need to
be interpreted cautiously.

In a nutshell, these results show that both groups are similar in terms of nonverbal 1Q and,
despite bilingual speakers being Catalan dominant, both groups show comparable receptive
vocabulary and sentence recall abilities in Spanish.

As previously discussed, the standardized test results suggest participants’ deficiencies in
both verbal (measured trough the PPVT) and nonverbal 1Q, with nonverbal 1Q being higher than

the verbal 1Q. Given that the majority of participants pertain to the DEL group, these results are in
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line with previous studies investigating the intellectual functioning of the PWS subtype with a
higher incidence (Copet et al., 2010; Dimitropoulos, Ferranti, et al., 2013). For many years, scoring
below 70 (standard score) in 1Q standardized tests was the standard diagnosis criteria for ID. These
days, however, a combination of both clinical assessment and standardized tests results are used
to estimate an individual’s intellectual functioning (American Association on Intellectual and
Developmental Disabilities, n.d.). According to the American Association on Intellectual and
Developmental Disabilities (AAIDD) (2020) “intellectual disability is a disability characterized
by significant limitations in both intellectual functioning and in adaptive behavior, which covers
many everyday social and practical skills”. In a similar vein, the American Psychiatric Association
(APA) (2020) maintains that “intellectual disability is identified by problems in both intellectual
and adaptive functioning”. Whitman & Greenswag (1995, p. 127) support this comprehensive view
when they argue that it could be the case that individuals with PWS obtain high 1Q scores but
behave nonetheless as individuals with mild ID. Thus, taking into account the fact that
monolingual and bilingual participants were neither assessed with different 1Q battery tests nor
was their adaptative functioning evaluated by a clinician, we cannot conclude that they present ID.
This being said, for the purpose of this dissertation, a general approach is taken considering all
participants as individuals with 1D, since this is not only suggested by their standardized tests
results but also by the fact that behavioral disturbances and mild to moderate intellectual

disabilities are two characteristics, among many others, of the PWS population (see chapter 3).

4.4.  Materials: general overview of the experimental tasks administered

Four experiments were designed and administered in order to elicit experimental and

spontaneous data to address the five research questions outlined in 4.1. In this section we do not
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present an exhaustive description of each task, as this is included in the experimental design
sections in the subsequent chapters, but we provide the reader with a glimpse of the different
experiments included. Participants’ EC abilities were scrutinized trough two experimental tasks:
the Flanker task, and the Stroop task (experiment 1). The participants’ metalinguistic abilities were
analyzed by means of two offline tasks: a Sentence Judgment Task (SJT-experiment 2), and a
Word-Length Judgment Task (WLJT-experiment 3). Finally, the participants’ narrative abilities
were examined at the macrostructural and the microstructural level using an oral narrative

elicitation task (experiment 4).

Experiment 1: EC experiment

Two modified versions of the original Flanker (Eriksen & Eriksen, 1974) and Stroop tasks
(Stroop, 1935) were created. While in the former task, participants were presented with different
sequences of five chevrons and were asked to determine the direction of the central chevron, in the
latter, participants were presented with different color-colored words and were asked to determine
the font color. In both tasks, congruency was manipulated (congruent vs. incongruent) and a
neutral baseline condition was also included. Two dependent variables were analyzed: RT and

response accuracy.

Experiment 2: Sentence Judgment Task (SJT)

A modified version of the extensively used SJT by Bialystok (Bialystok, 1987, 1992;
among others) was created and adapted to Spanish and Catalan. Participants were orally presented
with different sentences and were asked to determine the grammaticality of the sentence heard,
independently of meaning. Four experimental conditions were included manipulating grammar

and semantics. Grammaticality was manipulated according to a linguistic dimension variable:
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order vs. morphology. The dependent variable for this task was the participants’ response

accuracy.

Experiment 3: Word-Length Judgment Task (WLJT)

A modified version of the WLJT-type task used in Bialystok (1986a), Ricciardelli (1992)
and Yelland et al. (1993) was created and adapted to Spanish and Catalan. Participants were orally
presented with different word-pairs and were asked to determine the longest word of the pair. Four
experimental conditions were included manipulating word length and referent size. For each
experimental condition half of the items were animate and the other half were inanimate. The

dependent variable was the participants’ response accuracy.

Experiment 4: Narrative Task(s)

Monolingual and bilingual speakers were asked to narrate the picture book A boy, a dog
and a frog (Mayer, 1967) in Spanish. Bilinguals were also asked to narrate the picture book Frog,
where are you? (Mayer, 1969) in Catalan. Narratives were evaluated at the macrostructural level
using the Narrative Scoring System (NSS) and at the microstructural level by means of the MLU
and TTR indexes. The dependent variables were the holistic and analytic narrative macrostructural

scores as well as the MLU and TTR scores.

4.5. Data collection procedure
Data collection took place in Spain in both Madrid and Barcelona. All participants
expressed their willingness to freely participate in the study by completing and signing a consent

form. Additionally, one of the parents gave his/her consent for them to participate in the study by
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signing a different consent form. The study met the ethical standards of the University of Ottawa

Research Ethics Board and was approved under the certificate number S-08-18-722.

Table 5. Experimental sessions for data collection.

Experimental session 1 Experimental session 2 Experimental session 3

Bilingual speakers

1. Receptive vocabulary test 1. Word-length judgment task 1. Receptive vocabulary Test
— Spanish (20 minutes) —Spanish (15 minutes) —Catalan (20 minutes)

2. Sentence recall test 2. Executive control task 2. Sentence recall test
— Spanish (10 minutes) (15 minutes) —Catalan (10 minutes)

3. Test of nonverbal 1Q 3. Sentence judgment task 3. Word-length judgment task
(20 minutes) —Spanish (15 minutes) —Catalan (15 minutes).

4. Narrative A boy, a dog and a frog— 4. Narrative Frog, where are 4. Sentence judgment task
Spanish (15 minutes) you?—Catalan (15 minutes) —Catalan (15 minutes)

Monolingual speakers

1. Receptive vocabulary test 1. Word-length judgment task —
— Spanish (20 minutes) Spanish (15 minutes)

2. Sentence recall test 2. Executive control task
— Spanish (10 minutes) (15 minutes)

3. Test of nonverbal 1Q 3. Sentence judgment task
(20 minutes) —Spanish (15 minutes)

4. Narrative A boy, a dog and a frog—
Spanish (15 minutes)

Approximate time: 55 min Approximate time: 60 min Approximate time: 60 min

As shown in Table 5, data collection took place in three experimental sessions for bilingual
participants and in two experimental sessions for monolingual participants. Each session had an
approximate duration of one hour. During the first session both groups were administered the three
standardized tests in the following order: receptive vocabulary test, sentence recall test (both in
Spanish) and the nonverbal 1Q test. The first experimental session finished with the narration of
the picture book A boy, a dog and a frog in Spanish. During experimental session 2 participants
completed, in the following order, the WLJT, the EC experiment and the SJT. Both metalinguistic

tasks were administered in Spanish and the language-based EC task (Stroop task) was completed
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in the participants’ dominant language.3' Bilingual speakers also narrated the picture book Frog,
where are you? in Catalan. During experimental session 3 bilingual speakers completed the
receptive vocabulary test, the sentence recall test, and the two metalinguistic tasks (WLJT and

AJT) in Catalan.

4.6. Data analysis overview

In this section, we present an overview of the different statistical analyses carried out within
the framework of this dissertation. We first present the between-group analyses followed by the
within-group analyses for bilingual speakers.

In order to determine whether monolingual and bilingual individuals with PWS show
comparable EC, metalinguistic, and narrative abilities we performed both regression analyses and
mixed-effects models analyses.®? Regression analyses were used in those cases where each
participant contributed one data point, such as when analyzing the MLU, the TTR or the holistic
narrative evaluation. Mixed-effects models analyses, on the other hand, were used when
participants contributed multiple data points in a repeated measures design, as in the analytic

narrative evaluation or in the EC and metalinguistic tasks.

31 Previous studies show that language dominance plays a role in RT when performing the Stroop task (Marian et al.,
2013). Therefore, in order to avoid this effect, participants completed the Stroop task in their dominant language.

32 Mixed-effects models analyses are top-level powerful and flexible statistical analyses that include both fixed and
random effects, which accounts for their name. In simple terms, fixed effects are the variables expected to predict the
data (i.e., independent variables or predictors) and random effects are those effects “that can be expected to have a
non-systematic, idiosyncratic, unpredictable, or ‘random’ influence in your data” (Winter, 2013, p. 39), as, for
example, by-participant or by-item variation (see Winter 2013, 2019 for a complete review). Also, this type of analysis
has been claimed to be robust even when facing missing data (Linck & Cunnings, 2015) and to be a solid alternative
to ANOVA analyses due to, among other factors, its better “handling of categorical data” (Barr et al., 2013, p. 256).
Mixed-effects models analyses are gaining strength in our area and are being increasingly used within the field of
bilingualism and L2 acquisition with both large and small samples (for examples of studies including 10 < participants
per group see lvanova et al., 2014; Kartushina & Martin, 2019; Van der Linden et al., 2018, among others).
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Regression analyses and mixed-effects models analyses were run in R (version 3.6.2; R
Core Team, 2019) using the RStudio interface (version 1.2.5042; RStudio Team, 2019) with the
Ime4 (version 1.1-23; Bates et al., 2015) package installed. The continuous dependent variables®
were modeled using either the regression analysis with the Im function (i.e., MLU, TTR and
holistic narrative evaluation) or the linear mixed model analysis with the Imer function (RT data
or the analytic narrative evaluation). The binary dependent variables (i.e., accuracy in terms of
correct or incorrect, such as the accuracy dependent variables in the EC and metalinguistic tasks)
were modeled using a generalized linear mixed model analysis with the glmer function. Mixed-
effects models analyses were carried out taking into account all data points instead of the by-
participant mean per condition that is common in ANOVA analysis.

In total, as illustrated in Table 6, this dissertation includes three regression analyses (Im
models) and seven mixed-effects models analyses (three Imer models and four glmer models). We

focus first on the modelling process of the mixed-effects models.

Table 6. Continuous and binary dependent variables modelled with Im, Imer and glmer
functions.

Continuous dependent variables  Continuous dependent variables Binary dependent variable

Multiple regression analysis (Im) Mixed-effects models (Imer) Mixed-effects models (glmer)
1. Mean Length of Utterance data 1. Flanker task RT data 1. Flanker task accuracy data

2. Type Token Ratio data 2. Stroop task RT data 2. Stroop task accuracy data

3. Holistic narrative evaluation 3. Analytic narrative evaluation 3. Sentence  Judgment  Task

accuracy data
4. Word-Length Judgment Task
accuracy data

In order to avoid potential problems due to overfitting (models too complex for the

available data) and/or collinearity (high correlation between variables), which could lead to

3 Results derived from Likert Scale evaluations, such as in the holistic or analytical narrative evaluation, were
analyzed as continuous variables (see Kizach, 2014; Norman, 2010 for further details).
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unreliable results, non-convergent models, or singularity fit issues —among other problems— the
mixed-effects models were kept as simple as possible taking into account the study design and the
data available (see Frost, 2017, 2019 for more details about how to avoid common problems in
regression analysis in general and overfitting in particular). To that end, the analyses included both
Experimental Condition and Group, as well as their interaction, as fixed effects. Additionally, in
both metalinguistic tasks, a second repeated measures variable was included in the models
(Linguistic Dimension for the SJT and Animacy for the WLJT). In these cases, interactions
between Group and the two repeated measures variables were restricted to two-way interactions
in an attempt to not overfit the models. To reduce collinearity, following the standard practice
within the field (de Bruin et al., 2018; Linck & Cunnings, 2015; among others), all continuous
predictors were z-scored and all categorical variables with two levels (i.e., Group, Linguistic
Dimension and Animacy) were contrast coded (-0.5 vs. 0.5). The nloptwrap2 optimizer (see
Bolker, 2014) was used to enable the models’ convergence (nloptr -version 1.2.2.1- package; (S.
G. Johnson, n.d.).

The modelling process was carried out in two phases (phase 1 and phase 2). In phase 1, the
repeated measures variable(s) together with Group were modelled. This first step of the modelling
process focused on analyzing potential differences among monolingual and bilingual speakers,
which is the main objective of this dissertation. Subsequently, in phase 2, in order to analyze the
effect of the nonverbal 1Q, the receptive vocabulary, and the sentence recall abilities at the global
level, three additional fixed effects were included in the best-fitting model from phase 1. If the
inclusion of all, part, or any of these three predictors improved the best-fitting model of phase 1
without leading to collinearity worrying values, that model would be chosen as the best-fitting

model for our data. The variance inflation factors (VIF) values for all the models presented in this
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dissertation including two or more predictors were below 2, and the tolerance values were above
0.2. Thus, our data did not reveal collinearity issues (see Field et al., 2012, p. 293 for more details).

Gender, SES and PWS subtype were not included in the models as fixed effects, since the
priority was to keep the models simple. Their exclusion is justified by the fact that the analysis of
the participants’ characteristics did not reveal significant gender differences and that both SES and
PWS subtype variables did not have much variation in our data: more than 85% of the families
were middle class families and more than 73% of the participants pertained to the DEL subtype.
Also, chronological age was not included as a fixed effect either given that no correlation between
this factor and the standardized test raw scores was found.

Following the standard procedure within the field, we always started the phase 1 analysis
with the so-called maximal model, since models “generalize best when they include the maximal
random effects structure justified by the design” (Barr etal., 2013, p. 254). Thus, random intercepts
for participants and for items as well as random slopes for the repeated measure(s) by participant
and for Group by item were included (see Linck & Cunnings, 2015 and Winter, 2019 for more
information about random effects in linguistic research). However, it is important to highlight that
not all the fixed and random effects specified in the maximal model for phase 1 were kept in the
best-fitting model presented for that phase, since some of them prevented the models from
converging or yielded non-reliable models due to singularity issues. When the maximal model did
not converge, the model was simplified until convergence was attained. There is not consensus
within the field about how to proceed in this case (Linck & Cunnings, 2015), however it seems to
be a standard practice to start with the simplification of the random effects structure first, although
this procedure needs to be evaluated in each case individually (see Barr et al., 2013 for a complete

discussion). In our analyses, following procedures in previous studies and recommendations
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available in statistical manuals (Barr et al., 2013; de Bruin et al., 2018; Teubner-Rhodes et al.,
2016; Winter, 2019; among others), the simplification process consisted of: (i) removing the
random slope interactions; (ii) decorrelating intercepts and slopes; (iii) building down the item
slope structure; (iv) building down the participant slope structure. The simplification of the item
slope structure was carried out first because it has been argued that the variance expected from
different participants is higher than the one expected from different items (de Bruin et al., 2018,
2020; Winter, 2019). When building down both the by-item and the by-participant slope structures,
one effect at a time was removed and the different possible combinations were checked for
convergence. When the random-intercepts-only models did not converge or yielded singularity
issues, we tried to simplify the fixed effects structure of the maximal model in a way that was
meaningful to our research objectives but maintaining the maximal random structure previously
detailed. Likewise, the already detailed simplification process for the random effects structure was
followed with the new rebuilt model until convergence was attained. The minimal random
structure accepted for conducting the analysis was the by-participant and by-item random-
intercepts-only model. Once convergence was reached, while maintaining the random structure
constant, the modelling process continued by simplifying the fixed effects structure to check
whether the interactions (removed first) and the individual fixed effects (removed in a successive
step) that were included contributed to the improvement of the model. All possible options were
checked, and for each simplification, the resulting model was refitted; if any convergence or
singularity problems arose, the new model was compared to the previous one using the second-
order Akaike Information Criterion (AICc), which is the Akaike Information Criterion (AIC)

correction for small samples (see Burnham & Anderson, 2002 for a complete review of both AIC
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and AlCc).** The model with the lowest AlCc value was ultimately selected as the best-fitting
model, since a lower value indicates a better model fit (see Field et al., 2012, p. 263 for more
details).

Model comparison is an essential part of the modelling process since as Phillips (2016, p.
208) states “a good model not only needs to fit data well, it also needs to be parsimonious. That is,
a good model should be only be as complex as necessary to describe a dataset”. When the best-
fitting model from phase 1 was reached, the maximal model for phase 2 was created. It included
the fixed-effect(s) of the best-fitting model from phase 1 plus the three standardized measures as
well as the by-participant and by-item intercepts and all the possible slopes. We included
Nonverbal 1Q, Receptive Vocabulary, and Sentence Recall abilities as individual fixed effects not
in interaction with other predictors, since the data available did not allow us to do such analysis.
Therefore, as stated in research question four, we focused on analyzing the effect of individual
differences among participants at a global level, which, without any doubt, would provide us with
valuable information to lay the groundwork for future research addressing a more analytical
approach.

The simplification model procedure for phase 2 was the same as specified for phase 1.
Starting with the maximal model, when the random-intercepts-only model did not converge or
presented singularity problems, two standardized measures combinations were adopted, which
resulted in three different base models (Nonverbal 1Q-Receptive vocabulary, Nonverbal 1Q-
Sentence Recall, Receptive Vocabulary-Sentence Recall). Each model was simplified

independently and the best-fitting models for each combination, when different, were compared

34 AlCc and AIC are valid to compare both nested and non-nested models (Burnham & Anderson, 2002). Even though
we followed the AICc to select the best-fitting model for each model comparison, we also compared them using the
AIC and both criteria coincided in the model selection process.
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according to their AICc value. The best-fitting model from phase 2 was then compared to the best-
fit model from phase 1; if the former had a lower AICc, then it was retained as it improved the
model presented in the phase 1.

It is worth noting that due to the dummy coding system used by R when including
categorical variables with more than two levels, the models that were built only compared the
variable declared as the reference level with the rest of the variable’s levels. Nevertheless, in order
to have a more comprehensive understanding of how all the levels of a non-binary categorial
variable compared, post hoc analysis with the Bonferroni correction were run using the emmeans
(version 1.4.6) package.

The variance explained by the different mixed-effects models was estimated using the
r.squaredGLMM function (MuMIn package —version 1.43.17; Barton, 2019), which specifies the
marginal R? (variance accounted for by the fixed effects) and the conditional R? (variance
accounted for by both fixed and random effects)® (see Nakagawa & Schielzeth, 2013 for a review
of these measures).*

In the case of regression analysis, we modelled the dependent variable in a single phase,
since participants only contributing one data point made the analysis simpler. In general, we
included Group together with the standardized measures as predictors (multiple regression
analysis). Next, we checked whether removing predictors, one at a time, improved the model. If
s0, the modelling process continued with the improved model until, as was the case with the mixed-
effects models, further simplification stripped the model of convergence, produced singularity

issues, or resulted in a model with a higher AICc. As was the case for the mixed-effects models,

35 As Barton (2020, p. 56) defends, “R?is a useful goodness-of-fit measure as it has the interpretation of the proportion
of the variance ‘explained’, but it performs poorly in model selection”.
3% As Winter (2019, p. 77) points out “R? is actually a measure of ‘effect size””.
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the three continuous predictors were z-scored and the categorical variable Group was contrast
coded. For regression analysis, the estimation of the data variance was assessed with the multiple
R-squared (data variance accounted for by the model) and the adjusted R-squared (data variance
accounted for by the model taking into account the number of variables included in it) (see Field
et al., 2012). Both measures were provided through the summary function after running the Im
models.

Besides regression and mixed-effects models analyses, this dissertation also includes
analyses of variance (repeated measures ANOVA) to address the additional objective of
investigating potential differences among bilingual speakers between Spanish and Catalan results
(metalinguistic and narrative tasks). ANOVA analyses were conducted combining both SPSS and
JASP statistical software. Post hoc pairwise comparisons for significant ANOVA results and effect
sizes were run and computed as specified in section 4.3 of this chapter. For continuous variables,
the mean per participant per condition was analyzed. In the case of non-continuous dependent
variables, such as the results obtained in both metalinguistic tasks (SJT and WLJT), following
what seems to be a common practice within the field, the mean accuracy score by participant and
condition was calculated, transforming, somehow, a binary variable into a continuous type one
(see Bialystok, 1986b; Bialystok et al., 2014; Bialystok & Mitterer, 1987, among others, for a
similar approach).

In this chapter we have presented a general overview of the study detailing the research
questions, the standardized tests administered, the participants’ cognitive and linguistic
characteristics as well as the experimental tasks administered, and the statistical analyses run. The
next three chapters delve into the effects of bilingualism on the EC (Chapter 5), metalinguistic

(Chapter 6), and narrative abilities (Chapter 7).
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5. The executive control abilities of monolingual and bilingual

speakers with Prader-Willi Syndrome

The main objective of this chapter is to shed light on how monolingual and bilingual
speakers with PWS compare regarding the EC abilities (research question 1). In addition, and
taking an exploratory approach, we are also interested in elucidating how individual differences in
terms of nonverbal 1Q, receptive vocabulary, and sentence recall abilities may shape the results
obtained (research question 4). To achieve these goals, we examine the participants’ performance
in an EC experiment (experiment 1) including two tasks: the Flanker task, and the Stroop task. As
stated in Chapter 2, these two well-known and long-established experiments have been extensively
used within the field to evaluate monolingual and bilingual speakers’ interference suppression
abilities and a relative BA has been proposed. Nonetheless, as already discussed, results are not
clear-cut, especially for the young adult population (see Bialystok, 2016).

Our working hypothesis is that PWS individuals will not perform worse than their
monolingual peers. In fact, if the so-called BAH holds for individuals with genetic syndromes in
a comparative way to TD individuals, a positive interaction between bilingualism and EC abilities,
measured through response latency (RT) and response accuracy, is expected for individuals with
PWS, specially at a global level (BEPA hypothesis). Also, if it is the case that participants’
individual differences for the three standardized measures included in this study play a role in the
overall results, it is expected to be in terms of the nonverbal 1Q and/or sentence recall (as an indirect
measure of working memory) abilities. An effect of the receptive vocabulary predictor, if any,

would only be expected in the Stroop task, which is the language driven experiment.
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This chapter is organized as follows; we first present the participants’ sample (section 5.1)
followed by the experimental design of both tasks (section 5.2) and the experiment’s
administration procedure (section 5.3). We then describe the data analysis for the Flanker and
Stroop tasks (section 5.4) as well as the results (section 5.5). The chapter concludes with a general

discussion of the main findings (section 5.6).

5.1. Participants’ sample

The 15 participants (eight monolinguals and seven bilinguals) described in section 4.3
completed experiment 1. Nevertheless, while the whole sample was kept for the Flanker task data
analysis, as we have mentioned before, one bilingual participant was excluded from the Stroop

task data analysis due to colour blindness.

Table 7. Nonverbal 1Q, receptive vocabulary and sentence recall measures for monolingual
and bilingual speakers in Spanish included in the data analysis of the Stroop task. Standard
scores (M=100, SD 15).

Nonverbal 1Q Receptive Vocabulary Sentence Recall
Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals

Mean 75.75 92.00 64.13 70.00 66.88 68.33
SD 10.35 10.79 16.95 14.62 14.87 19.66
Range 55.00-87.00 83.00-112.00 55.00-94.00 55.00-91.00 55.00-100.00 55.00-105.00

In order to confirm that excluding one participant from the Stroop task data analysis did
not compromise the group comparability (see Table 7), a mixed-design ANOVA with
Standardized test (Nonverbal 1Q, Receptive Vocabulary, and Sentence Recall) as the within-
subjects variable and Group (Monolinguals vs. Bilinguals) as the between-subjects variable was
run. Results revealed a main effect of Standardized test (F(2, 24) = 6.13, p =.007, p?>= 0.34) but

not of Group (F(1, 12) = 2.55, p = 0.136, #p>= 0.18). The interaction between both factors was not
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significant either (F(2, 24) = 0.97, p = .394, 5p* = 0.08). Post hoc pairwise comparisons with the
Bonferroni correction yielded a significant mean difference between nonverbal 1Q and receptive
vocabulary abilities (p = .030, d = 0.80). No differences between groups were found in terms of
chronological age (t(12) = 0.751, p = .467, d = 0.41).

These results confirm that excluding one bilingual participant for the Stroop task data
analysis did not compromise the comparability of both groups and that these results are in line

with the findings presented in section 4.3 for the whole sample.

5.2.  Experimental design: Flanker task and Stroop task
Experiment 1 was programmed using E-Prime software Version 2.0 (W. Schneider et al.,
2002a, 2002b) and was administered using a PC laptop computer (15-inch screen; Windows 7).
Participants provided their answers using a portable numpad connected to the laptop via USB.

Both RT and accuracy data were collected.

Flanker task

Participants were presented with different chevron sequences and were asked to determine
the direction of the central chevron. The task included three experimental conditions: (1) Neutral
(a central chevron between two diamonds on each side; ¢¢>0¢ or ¢¢<09; (2) Congruent
(central chevron pointing to the same direction of the other four chevrons; <<<<<or >>>>5);
(3) Incongruent (central chevron pointing to the opposite direction of the other four chevrons; <
<><<0r>><>>). The task included a total of 96 trials (32 stimuli per condition: in 16 stimuli
the central chevron pointed left and in the remaining 16 it pointed right). The 96 trials were evenly
divided in two blocks of 48 trials each one (16 stimuli per condition evenly distributed for the

central chevron pointing right or left) and two lists were created in order to neutralize a possible
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presentation bias. List A contained block 1 and block 2 (stimuli were presented with order 1-48 in
each block) and list B included block 3 and block 4 (exactly the same stimuli of block 1 and 2,
respectively, but in the reverse order, i.e., 48-1 in both cases). Both lists were counterbalanced
across participants. Trials were presented in sequential order within each block because they were
previously pseudo-randomized® ensuring that: (i) no two exact stimuli were presented
consecutively; (ii) no more than two trials of the same experimental condition were presented in a

row, and (iii) no more than two left or right answers were presented in a sequence.

Stroop task

Participants were presented with different colored words and were asked to determine the
ink font color. The task included three experimental conditions: (i) Neutral (colored non-color
words. E.g., Ventana ‘window’ written with blue ink); (ii) Congruent (color words in which the
color word and the color font coincide. E.g., Azul ‘blue’ written with blue ink); (iii) Incongruent
(color words in which the color word and the color font do not coincide. E.g., Azul ‘blue’ written
with red ink). Three color nouns (rojo ‘red’, azul ‘blue’ and amarillo ‘yellow’) and three high
frequency non-color nouns (mesa ‘table’, hoja ‘leave’ and ventana ‘window’) were used as stimuli.
All bilingual participants with the exception of one participant who recognized Spanish as his/her
dominant language completed the Stroop task in Catalan with the same translated stimuli. Previous
research has shown that multilingual speakers show higher RTs and tend to be less accurate when
completing the Stroop task in a language other than their L1 (Marian et al., 2013). Hence, in an

attempt to obtain comparable measures in both groups, the stimuli were always presented in the

37 pseudo-randomization is not uncommon within the field and other researchers have applied similar procedures (see
Costa et al., 2008 for an example on the Stroop task).
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participants’ dominant language. The six words included in the experiment were not cognates in
Spanish and Catalan.

Participants were administered a total of 108 trials (36 trials per condition using the red,
blue, or yellow ink 12 times within each one). The 108 trials were evenly divided in two blocks of
54 trials each one and, as in the previous task, two lists with inverse trial presentation order within
each block were created. Participants were evenly distributed across lists. As with the Flanker task,
trials were presented in sequential order within blocks because they had been previously pseudo-
randomized ensuring that: (i) the same ink color was not presented twice consecutively; (ii) the
same stimuli was not presented more than twice in a row, and (iii) the same experimental condition
was not presented more than twice in a sequence. Both the Spanish and the Catalan versions of the
task were identical with the exception of the language in which the words were presented, i.e.,

blocks and trial presentation order were exactly the same.

5.3. Procedure

Due to the nature of both tasks and the population targeted, we created a single EC
experiment alternating one block from each task. All participants were asked to complete first a
Flanker task block followed by a Stroop task block and this was repeated twice. The rationale
behind this procedure was to avoid a tiredness and/or boredom effect, especially on the response
latency data. Participants took short breaks between blocks.

Before completing the experimental trials, participants were presented with the general
instructions of both tasks. After that, the specific instructions for the Flanker task were detailed
and all doubts that the participants might have had were clarified by the author of this dissertation.

They were also presented with 12 practice trials of the same nature as the Flanker task experimental
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trials with corrective feedback via emoticons. Once all details were clear and participants were
ready to start, the first block of the Flanker task was presented. No feedback was provided for the
experimental trials. Once finished, participants were provided with the Stroop task details and all
possible doubts were addressed. Then, they completed the 12 practice items with corrective
feedback and when they felt ready to start the first block of the Stroop task, it was administered.
Before completing the second block of each task participants were presented with six practice
trials. The practice trials included in the first block served to introduce the task and to make sure
that the participants understood what they were expected to do. The practice trials of the second
block were included to remind participants the task dynamics in order to avoid lower RTs in the
first trials of the second block due to a lack of practice. This was also important to redirect
attention, since as we discussed in chapter 3, some individuals may show attention deficits.

As shown in Figure 1, each trial for the Flanker task started with an ¢Estés listo/a? ‘Are
you ready?’ screen.®® When participants felt ready, they pressed the space bar of the numpad and
a central fixation cross, which remained on screen for 500 ms, appeared followed by the target,
which was kept on screen until the participant responded.*® Target stimuli were presented centered
as images with a size of 70% by 35%. Participants were instructed to respond as quickly as possible
by pressing either button 4 (chevron pointing left) or button 6 (chevron pointing right) of the
numpad. The answer buttons were labelled to help participants remember the expected button

answer for each case.

% As both tasks were administered together in a single executive control experiment, participants that completed the
Stroop task in Catalan saw the Are you ready? screen in Catalan.

3% While piloting the task with automatic trial presentation we detected that some of the answers provided were not
intended for the trial on screen but for the previous one. In order to avoid this, we decided to keep the target on screen
until the participant responded to make sure that the response entered corresponded to such trial.
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¢Estas listo/a? - Are you ready? screen

+ =  Fixation: 500 ms
=) Target: it remains on screen until a response is
<L provided
¢ Estas listo/a? =) Next trial starts

Figure 1. Trial structure for the Flanker task. A congruent stimulus is shown as an example.

Estas listo/a?? =) Are you ready? screen
¢ | "

—) Fixation: 500 ms.

= Target: it remains on screen until a response is
provided

¢ Estas listo/a?? > Next trial starts

Figure 2. Trial structure for the Stroop task. An incongruent stimulus is shown as an
example.

As shown in Figure 2, similarly to the Flanker task trials, each trial for the Stroop task started

with an ¢ Estés listo/a? ‘Are you ready?’ screen followed by a central fixation cross (500 ms) and
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the target, which was kept on screen until a response was provided. Target stimuli were presented
centered on a black screen to ensure a good color visualization in size 60 Times New Roman.
Participants were instructed to respond as fast as possible by pressing either button 4 (red), button
5 (yellow) or button 6 (blue) in the numpad. Once again, the answer buttons were labelled to help

participants remember the expected button answer for each ink color.

5.4. Data analysis

Both RT and accuracy data for each task were analyzed separately including all data points
using a linear mixed model analysis (Imer model) and a generalized linear mixed model analysis
(glmer model) respectively. Following standard practices within the field, RT data was submitted
first to a cleaning process where all incorrect trials were removed and all RTs below 200 ms or
above 5000 ms were excluded.* Finally, all mean participants’ responses per condition above or
below 2.5 SD were also discarded. In the case of the Flanker task a 9.65% of the data was discarded
(5.76% from monolinguals and 3.89% from bilinguals) and in the case of the Stroop task a 5.55%
of the data was excluded (3.30% from monolinguals and 2.25% from bilinguals). The RT
dependent variable was transformed to inverse RT (-1000/RT) to reduce positive skew, which is
typical in RT data (see Brysbaert & Stevens, 2018 for more details about this phenomenon and the
transformation applied). During the modelling process of Imer models, model comparisons were

performed using Maximum Likelihood. Nevertheless, the model parameters presented for the best-

40 Researchers investigating the executive control abilities among TD individuals with tasks similar to the Flanker task
and the Stroop task normally discard trials with RT above 2000 ms when working with both children (e.g., Calvo &
Bialystok, 2014) and adults (e.g., Costa et al., 2009). Nonetheless, previous research analyzing the EC abilities of
individuals with ID (DS population) has shown overall higher RTs. For instance, Traverso et al. (2018) administered
the Flanker task to 32 individuals with DS (mean age of 14;4 years old) and results revealed a mean RT of 3230.11
ms (537.69-13822.30 ms range) for incongruent trials.
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fitting model(s) were estimated with Restricted Maximum Likelihood (see de Bruin et al., 2018;
Jevtovi et al., 2019 for a similar approach).

Prior to starting the actual analyses, we checked whether there was a significant effect of
Block. Results showed that Block played a role on the RT results but not on the response accuracy
data in both tasks. Thus, Block was included as a fixed effect when modelling RT data but not
when modelling accuracy data.** For RT results, we first modelled the Inverse RT dependent
variable with Block (Block 1, Block 2, Block 3 and Block 4) and the interaction between
Experimental Condition (Neutral, Congruent, Incongruent) and Group (-0.5 for Monolinguals vs.
0.5 for Bilinguals). The maximal random effects structure included intercepts for participants and
for items and a slope for the Experimental Condition by participants and slopes for Group and
Block by items. The maximal model for the response accuracy data was the same as for the RT
data but excluding the fixed effect of Block and its slope by item. When the best-fitting model of
phase 1 was achieved, this was refitted including Nonverbal 1Q, Receptive Vocabulary, and
Sentence Recall as fixed effects (z-scored). By-participant and by-item intercepts as well as all the
possible slopes were included in the random effects structure. The best-fitting model of phase 1 is
presented in the results section for both RT and accuracy data (see section 4.6 for a detailed

description of the modelling process followed in this dissertation). The best-fitting model of phase

41 RT data analysis Flanker task: Reference variable: block 1. Intercept (estimate = -0.77, SE = 0.13, t = -6.04, p <
.001); Block 1 vs. Block 2 (estimate = -0.10, SE = 0.03, t = -3.80, p < .001), Block 1 vs. Block 3 (estimate = -0.29, SE
=0.17,t=-1.72, p = 0.108) and Block 1 vs. Block 4 (estimate = -0.52, SE = 0.17, t = -3.05, p = .009).

RT data analysis Stroop task: Reference variable: block 1. Intercept (estimate = -0.97, SE = 0.09, t = -10.49, p < .001);
Block 1 vs. Block 2 (estimate = -0.11, SE = 0.02, t = -5.05, p < .001), Block 1 vs. Block 3 (estimate = -0.26, SE =
0.13,t=-1.96, p = .072) and Block 1 vs. Block 4 (estimate = -0.36, SE = 0.13, t = -2.74, p = .018).

Accuracy data analysis Flanker task: Reference variable: block 1. Intercept (estimate = 3.86, SE=0.61,z=6.32,p <
.001); Block 1 vs. Block 2 (estimate = 0.20, SE = 0.42, z = 0.46, p = .643), Block 1 vs. Block 3 (estimate = -0.52, SE
=0.74,z=-0.70, p = .484) and Block 1 vs. Block 4 (estimate = -0.09, SE = 0.75, z = -0.12, p = .907).

Accuracy data analysis Stroop task: Reference variable: block 1. Intercept (estimate = 5.87, SE = 0.90, z = 6.54, p <
.001); Block 1 vs. Block 2 (estimate = -0.41, SE = 0.92, z = -0.45, p = .654), Block 1 vs. Block 3 (estimate = -1.31,
SE =0.91,z=-1.43, p =.152) and Block 1 vs. Block 4 (estimate = -1.31, SE=0.91, z = -1.43, p = .152).
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2 is only presented if conducted* and, if so, provided it is a better fit than the phase 1 model. The
neutral level of the Experimental condition variable was entered into the models as the reference
level with which the other two levels would be contrasted. This choice was made in order to obtain
a direct comparison between neutral and incongruent trials (interference effect) and between
neutral and congruent trials (facilitation effect).*® The reference level for the fixed effect of Block
was block 1. Post hoc analyses using the Bonferroni correction were run to explore the pairwise

comparisons of interest not shown in the models.

5.5. Results

We first present the results of the Flanker task followed by the results of the Stroop task.
In both cases RT data is presented first followed by accuracy data. For each task, descriptive data
showing the group mean per condition (without previous by-participant averaging) is first
discussed and inferential statistical analyses are detailed next. Descriptive RT data presents non-
transformed RT values in ms while the models were run on the inverse RT. Similarly, descriptive
accuracy data is presented in proportion of correct responses, but the statistical analyses were run

on the binary outcome (1 = correct vs. 0 = incorrect).

42 As it will be discussed in the results section, accuracy data for the Flanker task was not submitted to the phase 2
modelling process since the best-fitting model of phase 1 excluded the fixed effect of Experimental Condition.

43 In this dissertation the interference effect is defined as the difference between incongruent and neutral trials and the
facilitation effect as the difference between neutral and congruent trials (Coderre et al., 2013; Kousaie & Phillips,
2012a; Vinerte, 2018). Some researchers, however, have analyzed the so-called Stroop/Flanker interference effect by
contrasting congruent and incongruent trials (Bialystok et al., 2008; Costa et al., 2009; among others), an approach
whose appropriateness has been extensively debated due to the overlap of the interference and facilitation effects
(Coderre et al., 2013; Kousaie & Phillips, 2012; Vinerte, 2018; among others).
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Flanker task

Descriptive data for RT results (see Table 8) show that, overall, bilingual speakers are faster
than their monolingual peers, since their RTs are lower across the board. However, despite
potential global RT differences, both groups show the following speediness scale: neutral trials <
congruent trials < incongruent trials. In other words, neutral trials show the lowest RTSs,
incongruent trials the highest RTs and congruent trials lie in between. This suggests that
participants do not seem to be sensitive to a facilitation effect (RTs for congruent trials are higher
than for neutral trials), but that they experience an interference effect (higher RTs for incongruent
trials than for neutral trials). The interference effect is lower for bilingual speakers, which suggest
they may have better interference suppression abilities. Overall, descriptive data seems to support

both the BICA and the BEPA hypotheses.

Table 8. Mean RT (in ms) per condition per group (Flanker task). SD are reported in
parentheses. Facilitation and interference effects are calculated taking into account the
group mean per condition.

Congruent Neutral Incongruent  Facilitation  Interference
Effect? Effect®
Monolinguals 1427.36 1266.15 1454.47 -161.21 188.32
(813.71) (594.15) (760.52)
Bilinguals 1120.90 996.39 1153.54 -124 .51 157.15
(697.08) (471.15) (582.63)

aA negative outcome indicates an absence of facilitation effect, since it shows that neutral trials have lower
RTs than the congruent trials.

bA positive outcome indicates a presence of interference effect, since it shows that incongruent trials have
longer RTs than the neutral trials.

In order to confirm the inferences drawn, we performed a linear mixed model analysis on
the Inverse RT variable starting with the maximal model presented in the previous section. The

model converged with the full fixed effect structure previously described and with the by-
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participant and by-item intercept. The best-fitting model for experiment 1 (see Table 9) included
the fixed effects of Block and Experimental Condition and both intercepts. Group did not improve
the model fit, which is interpreted as a lack of differences between monolingual and bilingual
speakers. Focusing on the Experimental Condition predictor, results yielded a significant
interference effect (t = 3.97, p = .028) but no facilitation effect was detected (t = 1.45, p = .246).
When analyzing the effect of Block, as expected, differences were found between Block 1 vs.
Block 2 (t=-3.81, p <.001) and between Block 3 vs. Block 4 (t = 8.91, p <.001) but not between
Block 1 vs. Block 3 (t = -1.72, p = .109) and between Block 2 vs. Block 4 (t = 2.44, p = .177).
These Block effects show, on the one hand, that participants have similar global RTs independently
of the list administered (similar outcomes for blocks 1-3 and 2-4) and, on the other hand, that there
is a practice effect, since participants provided faster responses when completing the second block.

The marginal R? of this model is 16% while the conditional R? is 57%. In other words, the
fixed effects included in the model (Experimental Condition and Block) account for 16% of the
data variance. However, when the by-participant and the by-item random effects are added, the
explanatory power of the model increases to almost 60%.

Once the best-fitting model of phase 1 was achieved, we refitted it including the three
standardized measures as fixed effects as well as the by-participant and by-item intercept and all
the possible slopes.* The model converged with all the fixed effects specified (fixed effects from
the best-fitting of the phase 1 plus the three standardized measures) and with the random-
intercepts-only model. The best-fitting model of phase 2 included the Nonverbal 1Q predictor
together with Block and Experimental Condition and the by-participant and by-item random

intercepts. We then compared the best-fitting model of each phase and the AICc value of phase 1

44 As detailed in chapter 4 this constitutes the phase 2 of the modelling process and it is common for all the statistical
analyses included in this dissertation including a repeated-measures design.
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model was lower, which means that including the Nonverbal 1Q predictor, or any of the two other

standardized measures, did not improve the previous model fit.

Table 9. Model parameters for the best-fitting model of phase 1 (Flanker task). Dependent
variable: Inverse RT.*

Random effects

Fixed effects Participant Item
Parameters Estimate SE @ Pr(>|t)) SD SD
Intercept -0.83 0.13 -6.55 <.001* 0.32 0.03
Block 2 -0.10 0.03 -3.81 <.001* - -
Block 3 -0.29 0.17 -1.72 .109 - -
Block 4 -0.52 0.17 -3.04 .009* - -
Exp. Condition Congruent 0.05 0.03 1.45 .246 - -
Exp. Condition Incongruent 0.14 0.03 3.97 .028* - -
Post hoc pairwise comparisons?
Block 2-Block 4 0.42 0.17 2.44 A77
Block 3-Block 4 0.23 0.03 8.91 <.001*

2 For Post hoc pairwise comparisons t is t-ratio.

Note. Model reference values for Block: block 1; for Experimental Condition: neutral.

Model formula: Best_fit_phasel <- Imer(InvRT ~ Block+ExperimentalCondition+(1|Participant) + (1|ltem), data =
Flanker_Task, REML = TRUE, control=ImerControl(optimizer="nloptwrap2"))

When we focus on the accuracy response results, descriptive data presented in Table 10
shows a very high accuracy rate for both monolingual and bilingual speakers in all conditions.

However, the correctness of incongruent trials among monolingual speakers, albeit very high,

4 Tabulation of all mixed-effects model results follows Linck and Cunnings’s (2015) general example.
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appears to be slightly lower than for bilinguals. Many studies analyzing both RT and accuracy data
do not proceed with inferential statistical analyses for response accuracy when results are so close
to ceiling (Grundy et al., 2017; Vinerte, 2018; among others); however, we decided to further
explore the results obtained using a generalized linear mixed model analysis (see Alves-Soares,

2020; Carson, 2018 for a similar approach).

Table 10. Mean accuracy rate (proportion correct) per condition per group. Flanker task.

Congruent Neutral Incongruent
Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals

Mean 0.97 0.98 0.97 0.96 0.90 0.95
SD 0.17 0.15 0.16 0.19 0.30 0.23

A generalized linear mixed model analysis was run on the binary Accuracy outcome with
the maximal model presented in the previous section. Keeping both the by-participant and by-item
intercepts, the model only converged with the fixed effect of Group.*® The results, however, did
not reveal differences between groups, which indicates that similar accuracy rates were found for
monolingual and bilingual speakers (estimate = 0.11, SE =0.71, z = 0.15, p =.877).*" In this model,
the fixed effect of Group accounts for less than 1% of the data variance and when the by-participant
and by-item intercept is included, the explanatory power rises to 35%. It is important to note that
while the marginal R2 is particularly low, this is not surprising if we take into account that only
one fixed effect was included in the model and that the accuracy rate for both groups was very

high (= 90%). We did not go further with this analysis, since the best-fitting model just presented

46 Best_fitmodel_phasel <- glmer(Accuracy ~ Group + (1|Participant) + (1|ltem), data = Flanker_Task,
family=binomial, control=glmerControl(optimizer="nloptwrap2")).

Group was contrast-coded (-0.5 for monolinguals and 0.5 for bilinguals).

47 Fixed effects: intercept (estimate = 3.74, SE = 0.44, z = 8.58, p < .001).

Random effects: participant intercept (SD = 1.20), item intercept (SD = 0.54).
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did not include the fixed effect of Experimental Condition. This experiment is a repeated measures
design and as Winter (2011, p. 2140) states, “a repeated measures design with multiple repetitions
needs at least two random effects for subjects and items and a fixed effect for repetitions”. To
confirm that similar between-groups results were obtained when dependencies were neutralized
(i.e., only one data point per participant), a simple regression analysis with the by-participant mean
accuracy (value between 0-1) as outcome variable and Group as predictor was run. Results
revealed similar outcomes to the ones the mixed-effects models yielded, since the model does not
significantly predict accuracy (F(1, 13) = 0.29, p = .598) and explains less than 1% of the data
variance.*

In summary, inferential statistics for accuracy data did not reveal much, since the best-
fitting model for response correctness did not include the Experimental Condition but only the
fixed effect of Group and this was not significant. RT results, on the other hand, allowed us to have
a better understanding of the participants’ EC abilities. Results revealed a practice effect and
similar outcomes for both monolingual and bilingual participants by being sensitive to an

interference effect but not to a facilitation effect.

Stroop task
As shown in Table 11, descriptive data for RT suggest faster RTs in all conditions for
bilingual speakers as well as smaller interference and facilitation effects for dual speakers. These

results, if confirmed by inferential statistics, would show better conflict solving abilities (BICA

“8 Intercept (estimate = 0.95, SE = 0.15, t = 64.09, p < .001); Group (estimate = 0.02, SE = 0.03, t = 0.54, p = .598).
Group was contrast-coded (-0.5 for monolinguals and 0.5 for bilinguals).
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hypothesis) and better global executive processing abilities (BEPA hypothesis) for bilingual

speakers.

Table 11. Mean RT (in ms) per condition per group (Stroop task). SD are reported in
parentheses. Facilitation and interference effects are calculated taking into account the
group mean per condition.

Congruent Neutral Incongruent  Facilitation  Interference
Effect? Effect®
Monolinguals 985.76 995.97 1140.96 10.21 144.99
(333.14) (312.63) (462.28)
Bilinguals 848.59 848.46 927.66 -0.13 79.20
(277.56) (285.39) (349.97)

@A negative outcome indicates an absence of facilitation effect, since it shows that neutral trials have lower
RTSs than the congruent trials.

bA positive outcome indicates a presence of interference effect, since it shows that incongruent trials have
longer RTs than the neutral trials.

A linear mixed model analysis with the maximal structure detailed in the previous section
was run with Inverse RT as an outcome variable. The model converged with the maximal fixed-
effects structure and with the by-participants and by-items intercept. The best-fitting model (see
Table 12) included the fixed effects of Block, Experimental Condition and Group as main effects
and the by-participant and by-item intercepts. Results did not show a main effect of Group (t = -
1.54, p =.151), which indicates that both monolinguals and bilinguals performed similarly. Results
for the Experimental Condition predictor revealed an interference effect (t = 3.44, p =.002) but an
absence of a facilitator one (t = -0.53, p = .601) and the effect of Block, as expected, yielded
significant differences between Block 1 and Block 2 (t = -5.08, p <.001) and between Block 3 and
Block 4 (t = 4.59, p <.001). Conversely, no significant differences were attested for Block 1 vs.
Block 3 (t = -2.08, p = .061) and for Block 2 vs. Block 4 (t = 2.00, p = .423). Once again,

participants evidenced a practice effect (higher RTs in the second block they performed) and
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comparable RTs independently of the list administered (similar overall RTs for blocks 1 and 3 and

blocks 2 and 4).

Table 12. Model parameters for the best-fitting model of phase 1 (Stroop task). Dependent

variable: Inverse RT.

Random effects

Fixed effects Participant Item
Parameters Estimate SE t Pr(>t]) SD SD
Intercept -1.01 0.09 -11.36 <.001* 0.23 0.03
Block 2 -0.11 0.02 -5.08 <.001* - -
Block 3 -0.26 0.12 -2.08 .061 - -
Block 4 -0.36 0.12 -2.90 .014* - -
Exp. Condition Congruent -0.01 0.02 -0.53 .601 - -
Exp. Condition Incongruent 0.08 0.02 3.44 .002* - -
Group -0.19 0.12 -1.54 151
Post hoc pairwise comparisons?
Block 2-Block 4 0.25 0.12 2.00 423
Block 3-Block 4 0.10 0.02 4.59 <.001*

@ For Post hoc pairwise comparisons t is t-ratio.

Note. Model reference values for Block: block 1; for Experimental Condition: neutral. Group was contrast-coded (-0.5 for

monolinguals and 0.5 for bilinguals).

Model formula: Best_fit_phasel <- Imer(InvRT ~ Block+ExperimentalCondition+Group+(1|Participant) + (1|Item), data
= Stroop_Task, REML = TRUE, control=ImerControl(optimizer="nloptwrap2"))

The marginal R? of this model is 18% and the conditional R? is 49%. Namely, the fixed

effects included in the model (Experimental Condition, Block and Group) account for 18% of the
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data variance and when including the variance associated to participants and items the explanatory
power of the model increases to almost 50%.

The phase 2 model converged with the random-intercepts-only model including the three
standardized measures and the three fixed effects from phase 1 model. The best-fitting model of
phase 2 included intercepts for participants and for items as well as Nonverbal 1Q Block,
Experimental Condition and Group as fixed effects. We then compared the best-fitting model of
each phase and the AICc value of the phase 1 model was lower, which, again, shows the little
predictive power of the participants’ cognitive and linguistic differences on the results obtained.

When analyzing response accuracy data, descriptive data reveals, once again, that both
monolingual and bilingual speakers show very high accuracy rates for all conditions (see Table

13).

Table 13. Mean accuracy rate (proportion correct) per condition per group. Stroop task.

Congruent Neutral Incongruent
Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals

Mean 0.99 0.99 0.99 1.00 0.98 0.98
SD 0.12 0.12 0.08 0.00 0.13 0.15

A generalized linear mixed model analysis was run on the Accuracy outcome variable with
the maximal model described in the previous section. The model converged with the fixed effect
of Experimental Condition and Group as main effects and with the random-intercepts-only model.
The best-fitting model was the one including the fixed effect of Experimental Condition and both
intercepts. As shown in Table 14, results suggest that participants’ were significantly less accurate
with incongruent trials than with neutral trials but no differences were revealed for the comparison

of congruent and neutral trials. Accuracy results support the RT data findings showing an
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interference effect but not a facilitation one. In this model, the fixed effect of Experimental
condition accounts for 10% of the data variance. However, when including the by-participant and

by-item intercept, the model describes 35% of it.

Table 14. Model parameters for the best-fit model of phase one (Stroop task). Dependent
variable: Accuracy (1 = correct vs. 0 = incorrect).

Random effects

Fixed effects Participant Item
Parameters Estimate SE z Pr(>[z[) SD SD
Intercept 6.14 0.87 7.03 <.001* 0.88 0.71
Exp. Condition Congruent -1.27 0.90 -1.42 .156 -
Exp. Condition Incongruent -1.71 0.84 -2.03 .042* -

Note. Model reference values for Experimental Condition: neutral.
Model formula:Best_fit_phasel< glmer(Accuracy~ ExperimentalCondition+(1|Participant) + (1|ltem), data =
Stroop_Task, family = binomial, control=gimerControl(optimizer="nloptwrap2"))

As in the previous analyses, the best-fit model of phase 1 was refitted for phase 2. The
model converged with the three standardized measures and Experimental Condition as fixed
effects and with the by-participant and by-item intercepts. The best-fitting model of phase 2
included the Receptive Vocabulary predictor together with Experimental Condition and the
random intercepts for participants and for items. We then compared the best-fitting models of both
phases and the AICc value of the phase 1 model was lower. Therefore, as it was the case with the
previous analyses, the inclusion of the standardized measures did not improve the model fit of
phase 1.

In summary, both RT and accuracy results revealed that both groups performed similarly

in that they were sensitive to an interference effect but not to a facilitator effect.
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5.6. Discussion

Experiment 1 compared the EC abilities of monolingual and bilingual individuals with
PWS using both a language-based (the Stroop task) and a non-language based (the Flanker task)
EC tasks. Offline data results showed a very high accuracy rate (> 90%) for both monolingual and
bilingual speakers in both tasks, which reflects not only that participants understood the task and
that they provided conscious responses but that their interference suppression abilities, at least
measured trough response accuracy and with this experimental design, did not show signs of
impairment. These results are in line with previous research showing a ceiling effect for accuracy
data among TD young adults when completing both the Flanker task (Grundy et al., 2017) and the
Stroop task (Vinerte, 2018).4 The low variability attested for the accuracy data did not allow us to
see much of the underlying interference and facilitation effects that the participants might
experience while completing the tasks. However, the Stroop task accuracy results revealed that
participants, regardless of whether they were monolingual or bilingual and despite their individual
differences for three standardized measures, were sensitive to an interference effect but not to a
facilitation one. This same pattern was revealed when RT data was analyzed for both experimental
tasks. The fact of not detecting a facilitation effect, neither with offline nor online data, is not
exceptional, since as Kalanthroff & Henik (2013, p. 413) argue it is “a much smaller and less stable
effect than the interference effect”. Thus, these results show that both monolingual and bilingual
individuals with PWS exhibit similar interference suppression abilities in both online and offline
data, and that bilingualism does not seem to affect dual speakers negatively, which is in line with

previous research not finding a detrimental effect of bilingualism at the cognitive level for DS

49 Despite the age variability of our participants, the majority of the them were adolescents or young adults
(monolinguals’ mean age = 22.80; bilinguals’ mean age = 18.04).
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individuals (Edgin et al., 2011). While no negative effects of bilingualism were detected, neither
was a BA attested, which mirrors Martin’s (2017) findings for and English-French bilingual
adolescent with DS, who, when compared to a DS monolingual group, did not show evidence of
better EC abilities. Nevertheless, it is worth noting that despite the fact that the inferential statistical
analysis did not reveal significant differences between groups, descriptive data in Table 8 and
Table 11 suggest a possible BA, since Spanish-Catalan speakers exhibit a smaller interference
effect in both tasks, and a smaller facilitation effect in the case of the Stroop Task, two outcomes
that have been argued to show positive effects of bilingualism (see Coderre et al., 2013, p. 423 for
further details). This pattern of observing better bilingual descriptive results that not necessary
translate into significant between-group differences has also been described in Pinto-Cardona
(2017) for Spanish-English adult bilinguals with DS. We hypothesize that the differences between
groups observed at the descriptive level may transfer to inferential statistics if larger samples were
included. This of course is speculative, and we need to investigate whether the trend observed here
holds when more and larger studies are conducted. However, the possibility that the small sample
is somehow hindering a potential BA for experiment 1 cannot be completely ruled out at this time,
since as Leppink et al. (2016, p. 122) state, it is common that small samples do not reveal
significant within- and between-group differences even if such differences are considerable.
Likewise, it could also be the case that even with more data we obtain the same results, since not
finding a BA among the TD young adult population is not anecdotal but a recurrent finding (see
Bialystok, 2016; Valian, 2015; Vinerte, 2018 for overviews) and previous research studying the
EC abilities of these individuals using the Stroop task (Kousaie & Phillips, 2012a; Ryskin et al.,
2014; among others) and the Flanker task (Grundy et al., 2017; Kousaie & Phillips, 2012b; among

others) has found null effects of bilingualism. Of course, the possibility that the BAH is not as
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such, as suggested by different researchers (Paap et al., 2015; Paap & Greenberg, 2013), is also an
option, and we will come back to this issue in chapter 8.

An effect of Block revealing that participants were faster when completing the second
block of each task has also been detected. This finding suggests a practice effect, which is not
surprising and is actually expected: the more experience the easier the task becomes and the
quicker the RT is. Quicker responses did not lead however to higher inaccurate responses, since a
preliminary analysis showed that Block was not a significant predictor of accuracy and both groups
responses were at ceiling for both tasks. To examine the role of practice within the interference
effect was outside the scope of this dissertation but future research should look into whether
practice influences the interference suppression abilities of the PWS population similarly to the
TD population. Previous research has shown that TD individuals show less interference effect in
EC tasks as practice increases (see Davidson et al., 2003 for more details about practice effects for
the Stroop task).

Despite having been proved that the PWS population show some EC deficiencies
(Chevalére et al., 2015; Woodcock et al., 2009; among others), the effects of bilingualism found
within our sample does not seem to differ much from the effects of bilingualism proposed for the
TD young adult population. To scrutinize how the PWS and the TD populations might differ was
out of the scope of this dissertation and it is definitely something that future research needs to
address. More specifically, we believe that future studies should focus on whether and how PWS
individuals differ from the TD population when facing the facilitation and interference effects on
EC tasks. It could be the case that monolingual and bilingual speakers with TD and PWS show
similar offline outcomes but that they differ at a processing level. Also, it could be possible that a

more heterogenous sample in terms of nonverbal 1Q, receptive vocabulary, and sentence recall
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abilities could shed light on how these three cognitive and linguistic skills may shape the EC
abilities of the PWS population, if they do. Our results have not revealed a significant effect of any
of these three measures. Nevertheless, it is important to highlight that despite the individual
differences that may exist among participants, both groups were quite homogeneous (see section
4.3 for the complete participants’ description) and this could have prevented us from seeing an
actual effect. Certainly, we need more studies investigating the effects of an individual’s cognitive
and linguistic abilities on his/her EC skills, since previous research studying PWS monolinguals’
EC abilities has revealed the important role of the nonverbal 1Q abilities (Chevalere et al., 2013,

2015; among others).
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6. The metalinguistic abilities of monolingual and bilingual

speakers with Prader-Willi Syndrome

The main objective of this chapter is to elucidate how monolingual and bilinguals with
PWS compare on different metalinguistic tasks. Additionally, we also aim at determining whether
the nonverbal 1Q, receptive vocabulary and sentence recall abilities play a role in the overall results
(research question 4) and whether bilingual speakers perform comparably in Spanish and Catalan
(research question 5). As already discussed in chapter 2, in this dissertation we adopt Bialystok’s
metalinguistic cognitive framework, which has been extensively used, with different language
pairings and with different degrees of bilingualism, to study the linguistic and metalinguistic
abilities of monolingual and bilingual children (see Friesen & Bialystok, 2012 for an overview).
With the aim of contributing to this line of research with an unexplored population, we analyze
the linguistic and metalinguistic abilities of our PWS participants using a Sentence Judgment Task
(SJT)—experiment 2—, and a Word-Length Judgment Task (WLJT) —experiment 3—.

Given the outcomes of previous research centered on bilinguals with genetic syndromes,
we do not anticipate worse outcomes for our bilingual participants (see section 2.3). If it is the case
that a similar bilingualism effect holds for both TD and non-TD individuals, we hypothesize that:
(1) bilingual speakers with PWS will outperform their monolingual peers in essentially
metalinguistic measures but not in measures that mainly evaluate linguistic abilities; and (ii)
bilingual speakers will exhibit between-language differences only for essentially linguistic
measures. Based on Bialystok and Barac’s (2012) results when assessing children’s metalinguistic
abilities (evaluation of morphological abilities), we expect that the nonverbal 1Q and receptive

vocabulary abilities will play a positive role in the participants’ outcomes.
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A detailed description of Experiment 2 is provided in section 6.1 and one of experiment 3
in section 6.2. Each section includes a description of the participants, the experimental design, the
procedure, the data analysis and the results. In section 6.3, the last section of this chapter, we

provide a succinct discussion of the main findings for both experiments.

6.1.  Sentence Judgment task (SJT)

6.1.1. Participants’ sample

The 15 participants (eight monolinguals and seven bilinguals) described in section 4.3
comprise the participants’ sample for this experiment. Both monolingual and bilingual speakers

completed the SJT in Spanish and the bilinguals completed the SJT in both Spanish and Catalan.

6.1.2. Experimental design

To investigate the linguistic and metalinguistic abilities of monolingual and bilingual
individuals with PWS in Spanish, on the one hand, and the potential differences between Spanish
and Catalan among bilingual speakers, on the other hand, two SJTs were created, one for each
language. The SJTs were designed following Bialystok’s extensively used English SJT task (also
referred to as a grammatical judgment task). The aim of the task was to elicit the acceptability, in
terms of grammaticality, of different sentences presented orally. Four experimental conditions
were manipulated by crossing two factors (grammar and semantics): (i) grammatically correct and
semantically correct (GCSC); (ii) grammatically correct with semantic violation (GCSV); (iii)

grammar violation but semantically correct (GVSC); and (iv) grammar violation with semantic
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violation (GVSV). The task included six items per condition (24 items in total)*® and participants’
responses were considered to be accurate when judging GCSC and GCSV as correct and GVSV
and SVSV as incorrect. Thus, correct/incorrect responses were balanced (12 expected correct items
and 12 expected incorrect items). In our version of the task, out of the six items per condition
included, three contained a linguistic target phenomenon related to morphology (gerund
periphrasis, irregular verbs and reflexive pronouns) and the other three focused on structural order
(possessor-possession, auxiliary-lexical verb and the dative-accusative clitic clusters). All
sentences had between 10-13 words and only included one of the linguistic phenomena previously
specified.®* This means that if a sentence included a gerund periphrasis, no irregular verbs® or
reflexive pronouns were included nor any possessor-possession, auxiliary-lexical verb or dative-
accusative clitic clusters structures. Items were randomized and two lists were created with inverse
order to avoid a potential order presentation effect. Participants were randomly and equally
assigned to either one of the two versions of the task. The Catalan version included the same

characteristics as the Spanish version but with different sentences.

Table 15. Summary of experimental conditions as for Bialystok’s metalinguistic cognitive
framework for the SJT.

Condition Grammar Semantics Measure
GCsC v v Reference
GCSV v x Metalinguistic
GVSC )4 v Linguistic
GVSV )4 X

%0 1t was very important to keep the task short in order to maintain participants’ attention to ensure data reliability.
Thus, we followed previous research that administered this task to children including six items per condition
(Bialystok, 1986b, 1992; Bialystok & Mitterer, 1987).

1 The main aim was to keep the sentences as short as possible while at the same time ensuring adequate context to
process them. Despite Spanish and Catalan being two languages that are “less condensed” than English, our two
versions of the tasks were comparable to the one presented in Bialystok (1986b), where sentences include 13 words
on average.

52 Within this task, a verb is considered irregular when it is so in the tense used in the sentence. As for the verb ser ‘to
be’, given its high frequency, it is not considered irregular for the purposes of this task.
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Bialystok and collaborators maintain that the four aforementioned experimental conditions
involve different degrees of linguistic and EC abilities as summarized in Table 15 (Bialystok,
1986b; Bialystok & Mitterer, 1987; Friesen & Bialystok, 2012; among others). Within Bialystok’s
metalinguistic framework (see Bialystok, 1986b; Friesen & Bialystok, 2012 for overviews), GCSC
sentences are considered to be a somehow reference measure, since they are neither challenging
from a linguistic nor from an EC point of view (Bialystok, 1986b). Therefore, as Bialystok
suggests, if participants do not have an impaired linguistic knowledge and have understood the
task, they should be able to judge these sentences as correct without too much difficulty (Bialystok,
1986bh, p. 502). Our participants, both the monolinguals and the bilinguals with PWS (and the
bilinguals in both languages) showed a minimum of 67% accuracy rate (4 out of 6 items) for this
condition, which, a priori, does not indicate a compromised linguistic knowledge and allowed us
to confirm that participants understood the task and that their responses were not at chance. GCSV
sentences are considered to be a metalinguistic measure since the linguistic demands are kept low
by not including ungrammaticalities but they are demanding in terms of EC: in order to answer
them correctly participants need to override semantics and to focus on form and this process has
been argued to be hard because “meaning is generally processed quickly and automatically”
(Bialystok, 1986b, p. 502). GVSC sentences, on the contrary, are described as linguistic measures,
since the EC demands are low (sentences are meaningful) but the linguistic exigences are high by
introducing ungrammaticalities (Bialystok, 1986b). Finally, GVSV do not entail much difficulty,
since these sentences can be judged as incorrect using both grammatical and semantic criteria.
However, as Bialystok (1986b) points out, these sentences are somehow more challenging than
GCSC since they imply detecting an ungrammaticality. In fact, in our interpretation of Bialystok’s,

individuals with higher EC abilities, i.e., those who override semantics and focus on form, would
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be less accurate judging these sentences as incorrect if their linguistic knowledge is “limited”,
since they would not be able to detect the ungrammaticality. On the contrary, those individuals
with lower EC abilities whose judgment would be based mainly on meaning, would perform better
because they would judge these sentences as incorrect without even considering grammar

(Bialystok, 1986b, p. 502).

6.1.3. Procedure

Participants were orally presented with the 24 experimental items and were asked to
determine the acceptability/correctness of them focusing on form regardless of its semantic
meaning. They had two response options: good (correct) or bad (incorrect). In order to ensure that
participants understood what they were expected to do, and before the administration of the task,
monolingual and bilingual speakers were explained the instructions in a clear and pedagogical
way, as is a common practice in the field when working with non-TD adults. As in the case of the
elicitation method used by Bialystok (1986b) and Astheimer et al. (2014), participants were
introduced to a fictional character (Carlitos in this case, a young man presented via a photograph).
Carlitos was supposed to be recovering from an accident and, as a consequence, he sometimes said
funny things that did not make sense but that were said in correct Spanish or correct Catalan.
Participants were asked to help Carlitos with the evaluation of different sentences he produced and
were advised to evaluate the sentences heard as correct or incorrect ignoring the meaning and
focusing only on whether what Carlitos said was correct in Spanish or in Catalan. Once the
instructions were clearly explained, the investigator presented the participants with examples (5)

and (6).
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(5) Mis padres *queremos [quieren] ir de vacaciones a la playa.
My parents wantip to go of holidays to the beach.
‘My parents *wants [want]® to take a beach vacation’.

(6) No veo bien y necesito comprarme unas tijeras para ver mejor.

Not see well and need to buy to me some scissors to see better.
‘I do not see well and I need to buy a pair of scissors to see better’.

When participants’ did not answer incorrect for example 5 and correct for example 6, the
researcher discussed the expected answers with them and repeated the instructions in a pedagogical
way: to judge the sentences according to the form and not to the meaning. Once these two examples
were presented, eight practice items (two per condition) with corrective feedback were
administered, as the specific objective of the training session was to make sure that the participants
understood what they were expected to do. Practice items did not include the experimental target
linguistic phenomena but sentences manipulating gender agreement and infinitive-clitic order as
in examples 7-10.

(7) Grammatically correct-semantically correct sentences (GCSC)

La bandeja esta encima de la nevera pero no puedo cogerla.

The tray is on top of the fridge but not can take it.
“The tray is on top of the fridge but I can’t take it’.

(8) Grammatically correct-semantic violation sentences (GCSV)
En el museo hay muchas ballenas de pintores famosos.

In the museum there are many whales of painters famous.

‘In the museum there are many whales by famous painters.’.

(9) Grammar violation-semantically correct sentences (GVSC)
Aquella chica *alto [alta] no ira hoy a la escuela.

That girlrem tallwasc not will go today to the school.

‘That tall®* girl will not go to school today.’

53 Due to the limited verbal inflexion displayed by English, the agreement error can be illustrated writing the third
person singular agreement for the verb to want. However, in the Spanish original, the agreement error includes the
first person plural inflexion (quere-mos) of the verb to want.

5 Adjectives in Spanish agree in gender and number with the noun. In this example there is a gender violation
(feminine noun and masculine adjective).
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(10) Grammar violation-semantic violation (GVSV)

No puede *me recoger [recogerme] del colegio porgue el elefante esta en el mecénico.
Not can me pick up from the school because the elephant is in the mechanic.

‘He/she cannot *me pick up [pick me up] from school because the elephant is at the
mechanic’.

The investigator noted the participants’ responses in an answer sheet created for that
purpose. Bilingual participants were also tested in Catalan following the same protocol described
for Spanish (see appendix B for a sample of the practice and the experimental items included in
the Catalan version of the task). Despite the SJT being a widely used metalinguistic task within
the field, our Spanish and Catalan versions of the task were piloted with five TD adults (age range
20-60 years old) in each language. After the pilot was analyzed some minor corrections were

incorporated in the final tasks.

6.1.4. Data analysis

For the data analysis we carried out two different statistical analyses. The first one explored
the linguistic and metalinguistic abilities of monolingual and bilingual speakers with PWS in
Spanish. The second one examined the similarities and/or differences between the linguistic and
metalinguistic abilities of these bilingual speakers in both Spanish and Catalan. We first present
the between-group analysis (Spanish STJ analysis) followed by the within-group analysis (Spanish

vs. Catalan SJT analysis).

Between-group analysis (monolingual vs. bilingual speakers)
Even though a generalized linear mixed model analysis was run including all data points,
the by-group mean per condition is presented as descriptive data. We first determined whether

there was an effect of List (-0.5 for List A vs. 0.5 for List B) and, as results did not reveal a
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significant effect, this predictor was not included in the model(s).>® We therefore modelled the
Accuracy outcome variable with Group (-0.5 for Monolinguals vs. 0.5 for Bilinguals),
Experimental Condition (GCSC, GCSV, GVSC, GVSV) and Linguistic Dimension (-0.5 for Order
vs. 0.5 for Morphology) and their two-way interactions as fixed effects. The maximal random
effects structure included intercepts for participants and for items and a slope for Experimental
Condition in interaction with Linguistic Dimension by participants and a slope for Group by items.
In a second stage, we refitted the best-fitting model of phase 1 maximizing it by including
Nonverbal 1Q, Receptive Vocabulary, and Sentence Recall as fixed effects (z-scored). By-
participant and by-item intercepts as well as all the possible slopes were included in the random
effects structure. The best-fitting model of phase 1 is presented in the results section (see section
4.6 for a detailed description of the modelling process followed in this dissertation). The best-
fitting model of phase 2 is presented next.

The GCSV level (metalinguistic measure) of the Experimental Condition variable was
entered into the model as the reference level with which the other three levels would be contrasted.
This choice was made in order to obtain a direct comparison between GCSV (metalinguistic
measure) and GVSC (linguistic measure) so that we could shed light on how the linguistic and
metalinguistic abilities of both monolinguals and bilinguals compare. Post hoc analysis using the

Bonferroni correction were run to explore the rest of the pairwise comparisons.

Within-group analysis (Spanish vs. Catalan among bilingual speakers)
In order to explore potential similarities/differences between languages among bilingual

speakers, the mean per participant per condition was submitted to a repeated measures ANOVA

%5 Intercept (estimate = 1.22, SE = 0.32, z = 3.80, p < .001); List (estimate = 0.61, SE = 0.46, z = 1.33, p = .183).
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and significant effects were further explored with post hoc pairwise comparisons using the
Bonferroni correction. If the sphericity condition was not met, the degrees of freedom were
adjusted using either the Greenhouse-Geisser correction (g <.75 ) or the Huynh-Feld correction (&

> .75).

6.1.5. Results
Descriptive data is presented first, followed by the inferential statistical analyses for both

the between-group and the within-group analyses.

Between-group analysis (monolingual vs. bilingual speakers)
Descriptive data presenting the mean score per group per condition (with previous by-

participant averaging) is included in Table 16.

Table 16. Accuracy rate (maximum score = 6) per condition per group (experiment 2: SJT).

GCSC GCSV GVSC GVSV
Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals

Mean 5.88 5.57 3.75 3.86 4.00 2.86 4.63 3.86
SD 0.35 0.79 1.98 1.77 0.76 2.34 1.30 2.48

Starting with a within-group analysis and adopting a one point difference criterion between
means as a possible indicator of potential differences, we can see that both monolingual and
bilingual speakers seem to show higher means —which translates into higher accuracy— when
evaluating GCSC sentences than when judging any of the other three sentence types. Monolingual
speakers do not seem to differ much when comparing GCSV, GVSC and GVSV. However, in the
case of the bilingual speakers, it appears that they are better at ignoring semantic anomalies

(GCSV-metalinguistic measure) than at detecting linguistic problems (GVSC-linguistic measure)
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and that they do better at rejecting ungrammatical sentences when they also contain a semantic
anomaly than when the only problem is a grammar violation. In a between-group analysis, we find
a one-point difference only for the GVSC condition, which seems to suggest a higher sensibility
to ungrammatical sentences on the part of the monolinguals.

When examining the Linguistic dimension variable (see Table 17), a within-group analysis
comparing the mean scores for order and morphology suggests that only monolingual speakers
would be sensible to this manipulation and that they would be more accurate judging GVSC
sentences when they include ungrammaticalities related to order than to morphology. No potential
differences between groups for each linguistic dimension seem to arise. As regards differences
between conditions within each linguistic dimension per group, variances of at least one point are
detected for GCSC-GVSC and GCSC-GVSV in bilingual speakers when judging order and
between GCSC-GCSV and GCSC-GVSC for both monolinguals and bilinguals when judging

morphology.

Table 17. Accuracy rate (maximum score = 3) per condition and linguistic dimension per
group (experiment 2: SJT).

GCSC GCSV GVSC GVSV
Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals
ODER
Mean 2.88 2.71 2.00 2.14 2.50 1.57 2.25 1.71
SD 0.35 0.49 1.07 0.69 0.76 1.27 0.89 1.38
MORPHOLOOGY
Mean 3.00 2.86 1.75 1.71 1.50 1.29 2.38 214
SD 0.00 0.38 1.16 1.25 0.53 1.25 0.74 121

In order to confirm whether the differences discussed above were statistically significant,
a generalized linear mixed model analysis was run on the Accuracy outcome variable. The

maximal model described in the previous section did not converge and convergence without

118



singularity issues was attained with all the original fixed effects and the random-intercepts-only
model. The best-fitting model for phase 1 included the fixed effects of Experimental Condition
and Group (not in interaction), and the by-participant and by-item intercepts. The Linguistic
Dimension predictor, alone or in interaction, did not improve the model fit, and was therefore
excluded to calculate the model parameters.

As shown in Table 18, results did not reveal a main effect of Group (z = -1.16, p = .248).
Independently of being monolingual or bilingual, participants were significantly more accurate
judging GCSC sentences than GCSV sentences (z =4.39, p <.001), GVSC (z=4.81, p <.001), or
GVSV (z=3.74, p=.001). These findings not only indicate that our participants were significantly
more accurate judging grammatically correct and semantically sound sentences than any other
sentence types but also that they understood the task and that their responses were not by chance.
Results did not reveal a different mastering of the metalinguistic and linguistic abilities among
participants (z = -0.65, p = .513).

The marginal R? of this model is 27% while the conditional R? is 39%. In other words, the
fixed effects included in the model (Experimental Condition and Group) account for the 27% of
the data variance. However, when adding the by-participant and the by-item random effects the
model accounts for almost 40% of the variance. However, 60% still remains unexplained. This is
not surprising, since as Winter (2019, p. 77) points out, it is not uncommon, and actually it is
somehow expected in linguistic studies to obtain relatively low R? values, since in this author’s
words “language is complex and humans are messy, so our models rarely account for that much

variance”.
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Table 18. Model parameters for the best-fitting model of phase 1 for experiment 2 (SJT in
Spanish). Dependent variable: Accuracy (0= incorrect, 1= correct).

Random effects

Fixed effects Participant Item
Parameters Estimate SE z?® Pr(>z|) SD SD
Intercept 0.62 0.34 1.80 071 0.69 0.42
Experimental Condition GCSC 2.73 0.62 4.39 <.001* - -
Experimental Condition GVSC -0.27 0.41 -0.65 513 - -
Experimental Condition GVSV 0.40 0.42 0.96 .339 - -
Group -0.52 0.44 -1.16 248 - -
Post hoc pairwise comparisons
GCSC-GVsC 3.00 0.62 4.81 <.001*
GCSC-GVsV 2.33 0.63 3.74 .001*
GVSC-GVsV -0.67 0.42 -1.60 .658

aFor Post hoc pairwise comparisons z is z-ratio.

Note. Model reference value for Experimental Condition: GCSV. Group factor was contrast-coded (monolinguals,
coded as -0.5 vs.  Dbilinguals, coded as 0.5). Model formula: best_model_fit_phasel <-
glmer(Accuracy~ExperimentalCondition+Group+(1|Participant)+(1|ltem),data=SJTSP_Test,family=binomial,control
=glmerControl(optimizer="nloptwrap2")).

In order to see whether the participants’ nonverbal 1Q, receptive vocabulary, and sentence
recall abilities might explain differences on the participants’ overall accuracy rate, these three
measures where entered into the best-fitting model of phase 1 as fixed effects. The random
structure included the by-participant and by-item intercept as well as a random slope for condition
by participant and random slopes for the three standardized measures by item. Convergence
without singularity issues was not attained even with the random-intercepts-only model. Thus,

three base models with two standardized measure combinations were created. The only model that
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converged without issues with the random-intercepts-only model was the combination including
both Nonverbal 1Q and Receptive Vocabulary predictors. The best-fitting model for phase 2 was
the one including the Nonverbal 1Q predictor as well as Experimental Condition and Group. The
best-fitting models of phase 1 and phase 2 were compared and the latter was revealed as a better
model fit. Therefore, this model was kept as the best-fitting model for experiment 3 and it is
presented below.

As presented in Table 19, results for the phase 2 model show similar outcomes for the
Experimental Condition and Group predictors to those previously discussed and reveals the
Nonverbal 1Q abilities as a significant Accuracy predictor (z = -1.99, p = .047), i.e., a higher
nonverbal 1Q leads to lower accuracy rates. These results are puzzling and not in line with previous
research. For instance, Bialystok and Barac’s (2012) showed a significant positive predictive effect
of nonverbal 1Q abilities when evaluating the metalinguistic abilities of English-Hebrew
bilinguals, albeit with a different metalinguistic task (essentially a linguistic task evaluating
participants’ morphological knowledge) and with a different population (children).

In this case, the marginal R?is 30% while the conditional R?is 39%. In comparison to the
previous model, including the nonverbal 1Q abilities as a predictor increased the variance
accounted for by the fixed effects by 3%. Similar R? values have been found in previous research
using regression models to analyze the participants’ metalinguistic abilities (e.g., Bialystok &

Barac, 2012, p. 71).
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Table 19. Model parameters for the best-fitting model of phase 2 for experiment 2 (SJT in
Spanish). Dependent variable: Accuracy (0= incorrect, 1= correct).

Random effects

Fixed effects Participant Item
Parameters Estimate SE A Pr(>|z|) SD SD
Intercept 0.63 0.33 1.94 .052 0.55 0.42
Nonverbal 1Q -0.48 0.24 -1.99 .047* - -
Experimental Condition GCSC 2.74 0.62 4.39 <.001* - -
Experimental Condition GVSC -0.27 0.41 -0.65 513 - -
Experimental Condition GVSV 0.40 0.42 0.96 .339 - -
Group 0.06 0.48 0.12 .902 - -
Post hoc pairwise comparisons?
GCSC-GVSC 3.00 0.62 481 <.001*
GCSC-GVSV 2.34 0.63 3.73 .001*
GVSC-GVSV -0.67 0.42 -1.60 .657

2 For Post hoc pairwise comparisons z is z-ratio.

Note. Model reference value for Experimental Condition: GCSV. The Group predictor was contrast-coded (monolinguals,
coded as -0.5 vs. bilinguals, coded as 0.5) and the Nonverbal 1Q predictor was z-scored.

Model formula: Best_model_fit_phase2 <- glmer(Accuracy ~ ScaleNvlgstandard + ExperimentalCondition + Group +
(1)Participant) + (1|Item), data=SJTSP_Test, family=binomial, control=glmerControl(optimizer="nloptwrap2"))

Within-group analysis (Spanish vs. Catalan among bilingual speakers)

As shown in Table 20, and mainly focusing in a between language analysis, descriptive
data does not seem to suggest overall differences between languages. Likewise, no differences
between languages are revealed when dissociating order from morphology linguistic phenomena

(see Table 21)

122



Table 20. Accuracy rate (maximum score = 6) per condition and language among bilingual
speakers (experiment 2: SJT).%®

SPANISH CATALAN
GCsC GCSsvV GVSC GVsv GCsC GCSsvV GVSC GVSV

Mean 5.57 3.86 2.86 3.86 5.57 4.57 2.43 3.43
SD 0.79 1.77 2.34 2.48 0.53 1.90 1.99 2.23

Table 21. Accuracy rate (maximum score = 3) per condition, linguistic dimension and
language among bilingual speakers (experiment 2: SJT).

GCsC GCsVv GVsC GVSV
Order Morphology Order Morphology Order Morphology Order  Morphology
SPANISH
Mean 2.71 2.86 2.14 171 1.57 1.29 171 2.14
SD 0.49 0.38 0.69 1.25 1.27 1.25 1.38 1.21
CATALAN
Mean 2.86 271 2.29 2.29 1.57 0.86 171 1.71
SD 0.38 0.49 0.95 0.95 0.98 121 1.25 1.11

In order to verify that bilinguals performed similarly in Spanish and Catalan, the by-
participant mean score per condition was submitted to a repeated measures ANOVA with
Experimental Condition (GCSC, GCSV, GVSC, GVSV), Linguistic Dimension (Order and
Morphology) and Language (Spanish and Catalan) as the within-subjects variables. The Mauchly’s
test indicated that the sphericity assumption was not met for the Experimental Condition X
Language interaction (y2(5) = 17.93, p = .004), thus degrees of freedom were adjusted for this
effect using the Greenhouse-Geisser correction (¢ = .42). Results only revealed a main effect of
the Experimental Condition (F(3, 18) = 7.30, p = .002, 5% = 0.55) but not of Language (F(1, 6) =

0.01, p =.927, p? = 0.00) nor of the Linguistic Dimension (F(1, 6) = 0.84, p = .395, 7%= 0.12).

% Spanish data for bilingual speakers has already been presented in tables 16 and 17. Nonetheless, it has been deemed
appropriate to repeat this information in tables 20 and 21 to present both language results contrastively.
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The interactions between these factors were not significant either: Language x Experimental
Condition (F(1.25, 7.49) = 0.26, p = .677, np?> = 0.04), Linguistic Dimension x Experimental
Condition (F(3, 18) = 2.24, p = .118, »p> = 0.27), Language x Linguistic Dimension (F(1, 6) =
2.27,p=.182, np?=0.28), and Language X Linguistic Dimension x Experimental Condition (F(3,
18) = 1.05, p = .395, 5% = 0.15). Post hoc pairwise comparisons with the Bonferroni correction
showed a significant difference between GCSC and GVSC (p =.028, d = 1.66) and a marginally
significant difference between GCSC-GVSV (p =.058, d = 1.41). It is worth noting that although
the post hoc pairwise comparisons did not reach statistical significance for GCSC-GCSV (p =.106,
d = 1.23), possibly due to the small sample, the effects size is large. Based on what the mixed-
effects models analysis has revealed for Spanish and the lack of significance for the language
variable, it seems safe to conclude that in Catalan, as was the case for Spanish, and independently
of the linguistic dimension included (order vs. morphology), bilinguals show a higher accuracy
rate when judging GCSC sentences (no grammatical or semantics issues) than with any other type
of sentence.

In summary, the between-group analysis revealed that both monolinguals and bilinguals
obtained overall comparable accuracy rates and that they were both more accurate judging correct
and semantically sound sentences than any other type of sentence. Also, the nonverbal 1Q abilities
were revealed as a potential accuracy predictor. However, contrary to our expectations, better 1Q
abilities seem to result in lower accuracy rates. The within-group analysis among bilingual

speakers did not reveal different outcomes for Spanish and Catalan.
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6.2.  Word-Length Judgment task (WLJT)
6.2.1. Participants’ sample

As in experiment 3, the eight monolingual speakers and the seven bilingual speakers
described in section 4.3 completed the WLJT in Spanish. Bilinguals were also administered

experiment 4 in Catalan.

6.2.2. Experimental design

To complement experiment 3, a second metalinguistic task was created to have a better
understanding of the participants’ metalinguistic abilities. As a result, a modified version of the
word-length judgment task-type presented in Bialystok (1986a), Ricciardelli (1992) and Yelland
et al. (1993) was designed in Spanish and Catalan. In this task, as in Bialystok’s (1986a),
participants were presented with a two-word pair and were asked to identify the longest word of
the pair. Four experimental conditions resulted from the referent size and word length
manipulation. Each condition included six items, which made a total of 24 items (see examples

11-14):57

(11) Congruent pairings (largest animal/object was the longest word)

Hipopdtamo-Gato or Helicoptero-Libro
‘Hippopotamus-Cat’ or ‘Helicopter-Book’

(12) Incongruent pairings (smallest animal/object was the longest word)

Mariposa-Vaca or Teléfono-Coche

‘Butterfly-Cow” or ‘Telephone-Car’

57 As it was the case with experiment 3, the examples provided are from the Spanish version of the task (see appendix
C for a sample of practice and experimental items of the Catalan version of the task).
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(13) Big Neutral pairings (big animals/objects independently of the word length)

Leopardo-Tigre or Congelador-Horno
‘Leopard-Tiger’ or ‘Freezer-Oven’

(14) Small Neutral pairings (small animals/objects independently of the word length)

Mariquita-Mosca or Micréfono-Peine

‘Ladybug-Fly’ or ‘Microphone-Comb’

Each condition included three [+ animate] pairs (real or fictitious animals) and three
[-inanimate] pairs (concrete nouns: objects). Both words of the pair were either masculine or
feminine. In the Spanish version, short words had two syllables and long words had between four
and five syllables. Given that in Catalan monosyllables are more common than in Spanish, in the
Catalan version of the task short words had one syllable and long words had between three and
four syllables. In both languages there was a minimum of two syllable difference between short
and long words (see Yelland et al., 1993 for a similar approach).

Besides the experimental task, participants were asked to complete a posttest task whose
objective was to ensure that they were familiar with all the words included in the experiment in
order not to override a potential semantics interference by lack of awareness of the meaning of a
specific word. The posttest consisted of a PowerPoint presentation showing photos of all the
objects and animals included in the task. Participants were presented with an image at a time and
were asked to name the object/thing or the animal depicted. If participants did not know a specific
word, the experimental item containing that word was excluded from the analysis. For the Spanish
version of the task, only a 0.6% of the items were excluded (two bilingual speakers ignored one
word each). For the Catalan version of the task, a 2.4% of the cases were excluded (only four

words were ignored in total).
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Similarly to Yelland et al. (1993), the size of the animals and objects was determined
according to real world perception and given the possible subjective interpretation of size,
following these authors’ procedure, we conducted first a pilot study. In our case, two different pilot
studies (one in Spanish and one in Catalan), with two phases in each one, were conducted among
TD adult individuals to ensure the size (di)similarity between the two words included in each word-
pair objectively. In phase one of the pilot study, different word-pairs (26 in Spanish and 24 in
Catalan) were presented via an online platform to 27 Spanish speaking participants and to 27
Catalan dominant bilingual participants.®® Participants were asked to complete a multiple choice
questionnaire specifying whether they thought that the two words presented depicted objects or
animals of similar size or whether one of the two words represented a bigger object or animal. All
those pairs that reached a minimum agreement of 65% were included as experimental items.
Nonetheless, given that, in both Spanish and Catalan pilot tests, less than six pairs per condition
reached this threshold, a second pilot test was administered in both languages to complete the
experimental items remaining. In this second pilot test, 20 Spanish speaking TD adults and 18
Catalan dominant TD adult speakers® were presented with 20 new word-pairs in Spanish and 19
word-pairs in Catalan. The procedure and item inclusive criteria for pilot test 2 were exactly the
same as in the pilot test 1. For those conditions where more than six potential word-pairs finally
reached the 65% inclusive threshold, the six pairs with the highest agreement percentage were

included.

%8 In pilot test 1, 63% of the Spanish speaking participants were between 20-40 years old, 29.6% were between 41-60
and 7.4% were above 61. In the case of Catalan dominant bilingual speakers, 81.5% were between 20-40 years old
and 18.5% between 41-60 years old.

59 In pilot test 2, 70% of the Spanish speaking participants were between 20-40 years old, 20% were between 41-60
and 10% were above 61. In the case of Catalan dominant bilingual speakers, 83.3% were between 20-40 years old,
11.1% between 41-60 years old and 5.6% were above 61.
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Items were randomized and the order of presentation of long and short words was
counterbalanced in each condition. This means that in each condition and for three word-pairs the
long word was presented first and for the other three the short word was said first. As in experiment
3, two lists were created with inverse order to avoid a potential order of presentation effect.
Participants were randomly and evenly assigned to either one of the two lists. The Catalan version

of the task included the same characteristics as the Spanish one but with different word-pairs.

6.2.3. Procedure

Following the procedure described in Yelland et al. (1993), participants were presented
first with the difference between long and short words and, as these authors suggested, long words
were described as words that took longer to say than short words. Different examples such as
escritorio vs. reloj ‘desk vs. watch’ were presented to familiarize participants with the task’s
dynamics. After this short phase of familiarization, following the original procedure described in
Yelland et al. (1993), participants were asked to tell the investigator two long words and two short
words to make sure they understood the task; they received feedback and their answers were
discussed. Once the investigator was confident that the participants mastered the long-short word
difference, the training session with corrective feedback began with six different long-short word-
pairs including verbs (e.g., pinta-paseamos ‘drawssc-strollipL’, bailas-clasifican ‘dancezsc-
classifyspL). During the experimental session, participants were presented orally with the 24 word-
pairs and were asked to choose the longest word of each pair. No feedback was provided during
this part of the task. Once the task finished, participants were asked to complete the posttest. The
investigator marked the participants’ responses for both the experimental task and the posttest in

an answer sheet created for that purpose.
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6.2.4. Data analysis

The data analysis for experiment 4 follows the same outline described for experiment 3.
We first present the between-group analysis (Spanish WLJT analysis) and next the within-group

analysis comparing the results of bilingual speakers in Spanish and Catalan.

Spanish WLJT analysis (monolingual and bilingual speakers)

As in experiment 3, the Accuracy binary dependent variable (1= correct, 0= incorrect) was
modelled using a generalized linear mixed model analysis. We first checked the effect of List and
as it was not significant it was not included in the model(s) as a fixed effect.®® Phase 1 of the
modelling process incorporated Group (-0.5 for Monolinguals vs. 0.5 for Bilinguals), Experimental
Condition (Congruent, Incongruent, Big Neutral, Small Neutral), and animacy (-0.5 for Animate
vs. 0.5 for Inanimate) and their two-way interactions as fixed effects. The maximal random effects
structure included intercepts for participants and for items and slopes for the interaction between
Experimental Condition and Animacy for participants, and a slope for Group for items. The best-
fitting model of phase 1 was maximized in phase 2 by including the three standardized measures
(z-scored) as fixed effects as well as the by-participant and by-item intercepts and all the slopes
possible. Congruent items were entered into the model as the reference level for the Experimental
Condition variable. Post hoc analysis using the Bonferroni correction were run to explore the rest

of the pairwise comparisons.

8 Intercept (estimate = 5.99, SE = 1.65, z = 3.63, p < .001); List (estimate = -1.46, SE = 1.73, z = -0.84, p = .401).
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Spanish vs. Catalan WLJT analysis (bilingual speakers)

Following the same procedure as in the previous experiment, data analysis to compare
bilinguals’ results in Spanish and Catalan was conducted on the mean per participant per condition
using a repeated measures ANOVA. All significant main effects were further analyzed with

pairwise comparisons using the Bonferroni correction.

6.2.5. Results
Descriptive data is presented first followed by the inferential statistics for both the between-

group and the within-group analyses.

Between-group analysis (monolingual vs. bilingual speakers)

As in experiment 3, all data points were included in the analysis and the by-group mean
score per condition (with previous by-participant averaging) is presented in the tables below. As
displayed in Table 22, both monolinguals and bilinguals show a very high accuracy rate for all the
conditions. Likewise, no sign of a possible role of animacy is detected, since, as shown in Table
23, both groups maintain a high level of accuracy when judging the longest word of the pair

regardless of the [+ animate] feature.

Table 22. Accuracy rate (in percentages)® per condition per group (experiment 3: WLJT).

Congruent Incongruent Big Neutral Small Neutral
Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals

Mean 100 97.62 91.67 97.62 91.67 100 100 97.62
SD 0.00 6.30 23.57 6.30 17.82 0.00 0.00 6.30

61 Scores are presented in percentages in tables 22-25 since one item in two bilingual participants’ answers had to be
excluded from the analysis.
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Table 23. Accuracy rate (in percentages) per condition and animacy per group (experiment
3: WLJT).

Congruent Incongruent Big Neutral Small Neutral
Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals
ANIMATE

Mean 100 95.24 95.83 100 87.50 100 100 95.24

SD 0.00 12.60 11.78 0.00 24.80 0.00 0.00 12.60
INANIMATE

Mean 100 100 87.50 95.24 95.83 100 100 100

SD 0.00 0.00 35.36 12.60 11.78 0.00 0.00 0.00

Starting with the maximal model described in the previous section, the Accuracy binary
outcome variable was modelled using a generalized mixed model analysis. The model did not
converge even with the random-intercepts-only model. As a result, the fixed-effects structure was
simplified by removing the interactions including Animacy. The maximal random-effects structure
was also modified accordingly by breaking down the interaction of the by-participant random
slope. Again, the random-intercepts-only model did not converge. In an attempt to obtain
convergence, a new base model was created including Group, Experimental Condition and
Animacy as fixed effects (no interactions) and maintaining the maximal random-effects structure
possible. Convergence without singularity issues was attained with the random-intercepts-only
model; further simplification of the fixed-effects structure was conducted keeping the random
structure constant. The best-fitting model for phase 1 only included the fixed effect of Animacy,

which was not significant (estimate = 0.25, SE = 0.83,z = 0.30, p = .766).%

62 Model formula: Best_fit_model_WLJ <- glmer(Accuracy ~ Animacy + (1|Participant) + (1|ltem), data=WJT_Test,
family=binomial, control=glmerControl(optimizer="nloptwrap2"))

Fixed effects: intercept (estimate = 6.10, SE = 1.83,z = 3.34, p = .001).

Random effects: participant intercept (SD = 2.60), item intercept (SD = 0.96).
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The variance explained by the predictor Animacy is less than 1%. However, when adding
the by-participant and by-item intercepts it increases to 70%. Basically, these results show that the
experimental variables manipulated in this experiment (Group, Experimental Condition, and
Animacy) had very little explanatory power to describe the results obtained, which is not surprising
if we take into account the high and similar results obtained by both groups for all conditions (see
descriptive results in Table 22 and Table 23).

The best-fitting model of Phase 1 was next refitted including the three standardized
measures (z-scored) and the by-participant and by-item intercepts as well as all the slopes possible.
The model converged with the random-intercepts-only model. Further simplification of this model
revealed that the best-fitting model for phase 2 included Animacy and the Sentence Recall
predictors. However, a comparison between the phase 1 and the phase 2 models showed that the

model which did not include the Sentence Recall predictor was a better model fit.

Within-group analysis (Spanish vs. Catalan between bilingual speakers)

Descriptive data comparing the mean score per condition in Spanish and Catalan is
presented in Table 24. Participants show very high and comparable accuracy rates for all
conditions in both languages and the predictor Animacy does not seem to play a role when

determining the longest word of the pair (see Table 25).
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Table 24. Accuracy rate (in percentages) per condition and language among bilingual
speakers (experiment 3: WLJT).®

Congruent Incongruent Big Neutral Small Neutral
Spanish  Catalan Spanish Catalan Spanish Catalan Spanish Catalan

Mean 97.62 97.62 97.62 94.76 100 100 97.62 95.24
SD 6.30 6.30 6.30 9.00 0.00 0.00 6.30 12.60

Table 25. Accuracy rate (in percentages) per condition, animacy and language among
bilingual speakers (experiment 3: WLJT).

Congruent Incongruent Big Neutral Small Neutral
Animate Inanimate Animate Inanimate Animate Inanimate Animate Inanimate

SPANISH

Mean 95.24 100 100 95.24 100 100 95.24 100

SD 12.60 0.00 0.00 12.60 0.00 0.00 12.60 0.00
CATALAN

Mean 95.24 100 90.48 100 100 100 90.48 100

SD 12.60 0.00 16.26 0.00 0.00 0.00 25.20 0.00

In order to confirm the inferences presented above, the by-participant mean accuracy
percentage was submitted to a repeated measures ANOVA with Experimental Condition
(Congruent, Incongruent, Big Neutral, Small Neutral), Animacy (Animate and Inanimate) and
Language (Spanish and Catalan) as the within-subjects variables. Results did not reveal any
significant main effect: Experimental condition (F(3, 18) = 0.60, p = .626, #p?> = 0.09), Animacy
(F(1, 6) = 2.40, p = .172, np?> = 0.29), Language (F(1, 6) = 2.40, p = .172, np? = 0.29). Similarly,
any of the interactions between variables was significant: Experimental Condition x Animacy
(F(3, 18) = 0.49, p = .695, 5p> = 0.08), Experimental Condition x Language (F(3, 18) =0.63, p =

.604, np? = 0.10), Animacy x Language (F(1, 6) = 1.78, p = .231, »p? = 0.23) and Experimental

8 Spanish data for bilingual speakers has already been presented in tables 22 and 23. Nonetheless, as for experiment
3, we repeat this information in tables 24 and 25 to present the reader with a direct comparison between Spanish and
Catalan results for bilingual speakers.
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Condition x Animacy x Language (F(3, 18) = 1.95, p = .158, np?> = 0.25). These results show
similar outcomes in both Spanish and Catalan for all the conditions tested and independently of
the [+ animate] feature.

Overall, the results of experiment 4 show that both monolingual and bilingual speakers are
able to discriminate form from meaning in a very effective way independently of the manipulation
of the Experimental Condition and the Animacy feature and, in the case of bilingual speakers, this

holds for both their dominant and their non-dominant language.

6.3.  Discussion

In this chapter we have presented the results of two metalinguistic tasks that pose different
demands on the participants’ EC abilities investigated, namely the linguistic and metalinguistic
abilities of the PWS population. In Experiment 2 (SJT task) participants were presented with
different types of sentences and were asked to determine their grammaticality. Four conditions
were manipulated according to grammar and semantics: GCSC (correct and meaningful
sentences), GCSV (correct but meaningless sentences), GVSC (ungrammatical but meaningful
sentences) and GVSV (ungrammatical and meaningless sentences). Two of these conditions were
especially relevant in assessing the participants’ linguistic (GVSC sentences) and metalinguistic
(GCSV sentences) abilities and previous research has consistently shown a BA for TD bilingual
children in the latter case (see Bialystok, 2001; Friesen & Bialystok, 2012, for overviews). Our
results evidenced that all participants, independently of being bilingual or monolingual speakers
were significantly more accurate when judging grammatically correct and semantically sound
sentences than with any other type of sentence. These findings are in line with previous research
using the same type of task, since these sentences neither represent a challenge from the linguistic

nor from the EC point of view (Bialystok, 1986b). Therefore, as it was discussed in the previous
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chapter, our results do not reveal a negative effect of bilingualism when evaluating the linguistic
and metalinguistic abilities of the PWS population. Furthermore, our results do not reflect the BA
found by Bialystok and collaborators for TD bilingual children but are in line with the behavioral
results obtained by Moreno et al. (2010) for TD adults when using a similar task. According to
these authors, the fact that adults, unlike children, have already attained linguistic mastery makes
it difficult to compare these two populations, since children are still in the process of developing
their linguistic skills. This proposal seems to imply that adults would principally rely on their
linguistic knowledge to solve this type of task while children, due to their having less linguistic
expertise, would rely more on non-linguistic factors, as for example their EC abilities. It is in this
context where a BA seems to be predicated (see Friesen & Bialystok, 2012 for a similar approach
when discussing Hermanto et al. 2012 results for bilinguals with different proficiency levels in
each of their languages). The majority of our participants were adolescents or young adults with
an age equivalent range for receptive vocabulary between 7;5-17;20 for monolingual speakers and
between 7;5-16;3 for bilingual speakers. This, together with the fact that the majority of them are
following or have followed an inclusive education program, leads us to believe that our participants
would not be at an emerging linguistic knowledge stage, as it would be the case for TD children
from previous studies (Bialystok, 1986b; Bialystok et al., 2014; among others), but at a more
advanced developmental level. More data and the inclusion of two control groups consisting of
TD monolingual and bilingual speakers would be needed in order to confirm the exact linguistic
development stage of our participants. Nonetheless, at this point, it seems reasonable to assume
that, during their school years, both monolingual and bilingual speakers have worked on and have

developed their linguistic experience comparably and this would make them more similar to TD
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adults than to the TD children, at least at a passive level of linguistic knowledge and with the
linguistic measures used in this dissertation.

When evaluating the role of the linguistic dimension, our results did not reveal better
linguistic or metalinguistic abilities when judging sentences focused on order rather than on
morphological linguistic phenomena, or vice versa. However, despite not finding significant
differences, descriptive data in Table 17 suggests that monolingual speakers, but not bilinguals,
seemed to show higher accuracy rates when judging ungrammatical and meaningful sentences
focused on order rather than on morphology. At this point it is premature to draw conclusions,
especially when inferential statistics have not revealed significant differences, and when it is
obvious that more data is needed. However, these results could be helpful for designing future
research experiments, since it would be interesting to explore with different experimental tasks
and methodologies whether morphology is actually especially challenging for these individuals,
as it has been proposed for other non-TD populations (see Paradis & Govindarajan, 2018 for an
overview).

When analyzing the effect of individual differences in terms of the three standardized
measures included in this study, results only suggested the nonverbal 1Q abilities as a significant
predictor when judging sentences in experiment 2. However, contrary to our prediction, higher
nonverbal 1Q abilities resulted in overall lower accuracy rates. This finding is striking and future
research with more data and with different participants’ cognitive profiles should explore the role
of this variable more exhaustively to determine whether this finding is anecdotical or recurring.
Likewise, the effect of the nonverbal 1Q predictor should be explored in interaction with the
Experimental Condition variable, something that we were not able to do here due to the limited

data available. This would allow us to have a better understanding on how the nonverbal 1Q
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abilities shape the linguistic and metalinguistic abilities of monolingual and bilingual speakers
with PWS. We could venture to speculate that it could be the case that speakers with higher
nonverbal 1Q abilities (better logic skills) would perform worse when judging grammatically
correct but meaningless sentences (less logic sentences). Also, it could be the case that the
nonverbal 1Q abilities play a different role in infancy and in adulthood since, while our results
suggest worst outcomes when the nonverbal 1Q is higher, Bialystok and Barac (2012) found a
positive effect of the nonverbal 1Q abilities when evaluating the metalinguistic abilities of English-
Hebrew children, albeit with a metalinguistic task entailing low demands on EC and with a TD
population.

In the case of bilingual speakers, no differences between languages were detected, which
is surprising and deserves particular attention taking into account that they were predominantly
Catalan dominant and that previous research using the same type of task, although with children,
showed that, when bilinguals were tested in both their languages, they showed better results in
their dominant language (Hermanto et al., 2012).

Experiment 3 consisted of different word-pairs manipulating the word length and the size
of the objects and animals presented. In order to successfully complete the task, participants had
to inhibit the semantic meaning of the words presented and, focusing on form, select the longest
word of the pair (Bialystok, 1986a). Unlike in experiment 2, the results obtained were not very
informative, since neither of the predictors included seemed to play a role in the results attained.
Both monolinguals and bilinguals showed a very high accuracy rate (>85%) in all conditions
independently of animacy. These results suggest, somehow, a ceiling effect, which implies that the
task was very easy for this population given their literacy and their linguistic experience. However,

it must be noted that when administering the task, longer times and more doubtful answers were
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perceived for incongruent items than for congruent or neutral ones. Thus, the next step is to adapt
this experiment to an online task that would allow us not only to obtain accuracy data but also
processing data (RT). Both types of data are complementary and would offer us a more
comprehensive view of whether incongruent items are actually more demanding in terms of
processing cost, which would translate in longer RTs, and of whether bilinguals would show

shorter RT, which would indicate better conflict solving abilities.
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7. The narrative abilities of monolingual and bilingual speakers

with Prader-Willi Syndrome

While in the two previous chapters we have analyzed the EC and metalinguistic abilities
of monolingual and bilingual speakers with PWS, in this chapter we investigate the narrative skills
of this population. As we have indicated in chapter 3, research focusing on the linguistic abilities
of the PWS population is very limited, essentially restricted to monolingual speakers and, with the
exception of certain language-based standardized measures, it has mainly focused on these
individuals’ narrative macrostructural abilities.®* In this chapter, we go one step further and
investigate the narrative production of the PWS population at both the macrostructural and the
microstructural (research question 3) level to shed light on whether monolinguals and bilinguals
with PWS compare and whether dual speakers show similar effects of bilingualism to those
observed for TD and other non-TD individuals (see sections 2.1 and 2.2 for a review). Also, as
was the case in the two previous chapters, we are also interested in obtaining information about
the role of the nonverbal 1Q, receptive vocabulary, and sentence recall abilities in the narrative
production process at both the macrostructural and the microstructural levels (research question
4), as well as in whether bilingual speakers show different narrative outcomes in both their
languages (research question 5). Our hypotheses are the following: (i) bilinguals will outperform
monolinguals at the macrostructural level but not at the microstructural level; (ii) if the three
standardized measures included in this study play a role in the results, this is expected to be in
terms of nonverbal 1Q for the macrostructural abilities and in terms of receptive vocabulary for the

microstructural abilities. Sentence recall abilities as a mixed measure of expressive language and

% The limited previous information about the morphosyntactic abilities of the PWS population came from
conversational data (Lewis et al., 2002).
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working memory could play a role in both narrative dimensions; and (iii) at the microstructural
level bilinguals will show better outcomes in Catalan than in Spanish due to language dominance,
but similar results at the macrostructural level.

This chapter is organized as follows. We first present the participants’ sample for the
narratives (what we have labelled experiment 4). In the second place we present the general
procedure, transcription and coding scheme detailing how data was elicited and how utterances
were computed as well as how words and different words were counted. We then present the
different macrostructural and microstructural measures analyzed as well as the data analysis. Next,

both dimension results are presented followed by the discussion of the results.

7.1.  Participants’ sample

A total of 13 participants (seven monolinguals and six bilinguals) were included in
experiment 4. The exclusion of one monolingual and one bilingual from the original sample was
due to the fact that their insufficient or unfocused narrative production was not deemed appropriate
for evaluation. One of the bilingual speakers included in the between-group analysis was excluded
from the within-group analysis because his/her Catalan narrative did not include enough material
to be evaluated. Consequently, the comparative analysis of the narrative abilities among bilingual
speakers included five participants. In Table 26 we present the nonverbal 1Q, receptive vocabulary,

and sentence recall abilities of the 13 participants of this experiment.
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Table 26.Nonverbal 1Q, receptive vocabulary and sentence recall abilities by group in

Spanish (experiment 4). Standard scores (M=100, SD 15).

Nonverbal 1Q Receptive Vocabulary Sentence Recall
Monolinguals Bilinguals Monolinguals Bilinguals Monolinguals Bilinguals

Mean 78.71 86.50 65.43 68.67 67.86 75.00
SD 6.55 5.82 17.87 15.71 15.77 20.98
Range 69.00-87.00 79.00-94.00 55.00-94.00 55.00-91.00 55.00-100.00 55.00-105.00

A mixed-design ANOVA with Standardized Test (Nonverbal 1Q, Receptive Vocabulary,

and Sentence Recall) as the within-subjects variable and Group (Monolingual vs. Bilingual) as the

between-subjects variable was run to make sure that the exclusion of two participants did not

compromise the groups’ comparability. Results yielded a main effect of Standardized Test (F(2,

22) = 3.82, p = .038, #p? = 0.26) but not of Group (F(1, 11) = 1.58 p = .235, 5> = 0.13) and the

interaction between both factors was not significant either (F(2, 22) = 0.09, p = .914, p* = 0.01).

Post hoc pairwise comparisons with the Bonferroni correction revealed a significant mean

difference between nonverbal 1Q and receptive vocabulary abilities (p = .029, d = 0.85), as with

the complete sample. In light of these results, we would like to conclude that the comparability

between groups is maintained with these participants’ sample.

Table 27.Receptive vocabulary and sentence recall abilities by language (experiment 4).

Standard scores (M=100, SD 15).

Receptive vocabulary Sentence recall
Spanish Catalan Spanish Catalan
Mean 71.40 96.40 79.00 78.00
sD 15.88 19.22 20.74 19.88

Range 55.00-91.00 67.00-118.00 55.00-105.00 55.00-105.00
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Similarly, the exclusion of two bilingual speakers for the within-group analysis did not
change the overall bilinguals’ linguistic characteristics in both Spanish and Catalan described in
section 4.3 (see Table 27 for descriptive data).

A repeated-measures ANOVA with Test (Receptive Vocabulary and Sentence Recall) and
Language (Spanish and Catalan) as the within-subjects variables for bilingual speakers revealed a
significant main effect of Language (F(1, 4) = 16.36, p = .016, 7*> = 0.80) and a significant
interaction between Test and Language (F(1, 4) = 30.45, p = .005, 7p? = 0.88). A main effect of
Test was not detected (F(1, 4) = 0.17, p = .705, np? = 0.04). Post hoc pairwise comparisons with
the Bonferroni correction for the Test x Language interaction showed better receptive vocabulary
abilities in Catalan than in Spanish (p = .001, d = 2.95). Thus, these results replicate the ones
including the complete sample and show that bilinguals had a higher marginal mean in Catalan,

and that they performed better in their dominant language at the receptive vocabulary level.

7.2.  Procedure, transcription and coding

The 13 participants of the between-group analysis were asked to narrate Mayer’s (1967)
picture book A boy, a dog and a frog in Spanish. Participants were told the title of the story and
were given a hard copy of the book. After this, they were asked to look at all the images carefully
in order to be prepared to later narrate the story depicted. There was no time restriction and when
participants felt ready, they started narrating the story. Bilingual speakers, in a different
experimental session (see section 4.5 for the detailed task administration procedure), were asked
to narrate Mayer’s (1969) picture book Frog, where are you? in Catalan following the same
procedure described for Spanish. Narratives were audio recorded. In order to avoid a practice

effect, bilinguals were asked to narrate two different but intrinsically related stories, since Frog,
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where are you? is the continuation of A boy, a dog and a frog and both picture books included a
similar number of images and events and the three main characters. The Frog Story picture books
have been extensively used within the field to elicit narratives from individuals with different
characteristics (see Slobin, 2005; Strémqvist & Verhoeven, 2004 for overviews).

The narrative corpora in both Spanish and Catalan were transcribed by the author of this
dissertation, which is a Spanish-Catalan bilingual. Oral narratives were transcribed
orthographically following CHILDES’ (Child Language Data Exchange System) CHAT (Codes
for the Human Analysis of Transcripts) conventions (MacWhinney, 2000). The macrostructural
analysis of the narrations produced were evaluated by two independent Spanish-Catalan bilingual
raters who had a background in linguistics and who were asked to follow the Narrative Scoring
Scheme (NSS) (Heilmann et al., 2010). A detailed description of this protocol is provided when
presenting the data analysis at the macrostructural level. As for the microstructure, the analysis is
based on the participants’ Mean Length of Utterance (MLU), which is considered a language
development measure reflecting overall morphosyntactic complexity (R. Brown, 1973), and on the
Type-Token Ratio (TTR)®, which has been suggested to be a lexical variability measure (W.
Johnson, 1944). Despite the fact that Spanish and Catalan are highly inflected languages, the MLU
was computed by words and not by morphemes. The main aim of this microstructural measure
was to have a glimpse of these individuals’ morphosyntactic development and, taking into account
the fact that previous research has found a high correlation between both MLU computations (e.qg.,
Parker & Brorson, 2005), we decided to operationalize the MLU computation by words. Future
research centered on a more in depth study of these individuals’ morphosyntactic abilities should

consider a more fine-grained analysis depending on the research objectives. In order to compute

% The TTR “expresses the ratio of different words (types) to total words (tokens) in a given language sample” (W.
Johnson, 1944, p. 1).
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the MLU accurately, together with the TTR, we have paid special attention to define what it is that
we consider an utterance, how we have counted words and the decisions we have taken to define
what counted as different words. The decisions taken to address these three issues are detailed

next.

7.2.1. Utterance delimitations

As Turell and Moyer (2008, p. 201) points out, there is not a clear and consensual definition
in the literature of what an utterance is and it is ultimately the researchers’ decision to determine
its boundaries taking into account the idiosyncrasies and main objectives of their research. Taking
this into account, the criterion we have followed to determine utterances is the one proposed by
MacWhinney (2000, p. 59), which defends that “utterances can include main clauses with
associated depending clauses, but they should not include multiple main clauses”. Therefore,
independent clauses were transcribed in different lines (i.e., different utterances), as in (15), and
dependent clauses were transcribed in the same line (i.e., one utterance) as in (16). Clauses with
elided verbs such in (17) were considered independent clauses. Following Schneider, Dubé and
Hayward’s (2005) proposal, conjunctions such as porque/perque ‘because’, aunque/encara que
‘although’®® and similar ones were considered to introduce dependent clauses, while conjunctions
as y/i% ‘and’, pero/perd0 ‘but’ and entonces/llavors ‘then’ were considered to introduce
independent clauses. Also, following these authors, direct speech including a clause was
transcribed as an independent utterance, as in (18), while indirect speech or direct speech not

including a clause were transcribed as dependent clauses, as in (19).

% A clause including aunque/encara que ‘although’ with concessive value is considered a dependent clause while
when used with adversative meaning is considered an independent clause as synonym to pero/perod ‘but’.

57 When two words are presented together separated by slash [/] the first word is in Spanish and the second one is the
Catalan translation equivalent.
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(15)

(16)

(17)

(18)

(19)

PAR: el nifioy el perro se marchan.
‘The boy and the dog left’.
PAR: vy larana se queda triste.
‘and the frog is sad’.

PAR: el nifio y el perro no sabian que la rana tenia bebés.
‘the boy and the dog did not know that the frog had babies’.

PAR: el nifio cay0 al agua.
‘the boy fell into the water’.
PAR:y el perro también (cayd).
‘and the dog (fell) too’.

PAR: la rana dice +7/.
‘the frog says’

PAR: +” me voy a vengar.
‘I will take revenge’.

PAR: el chico dice adios.
‘The boy says goodbye’.

Following what seems to be standard procedure (see Schneider et al., 2005), all production

unconnected to the narration, as well as very short utterances signaling the end of the task, when

included (e.g.,. Ya esta/ja esta ‘That’s it”) were not included in the transcription to avoid an effect

on the computation of the MLU and TTR.

7.2.2. Count word conventions

As previously stated, transcription was not phonological but orthographic and, as such,

word count was strictly based on orthographic criteria. Phonetic and/or phonological

idiosyncrasies were not included (a phonetic/phonological analysis is beyond the scope of this

dissertation) and morphosyntactic errors were maintained to keep the participants production

genuine. The decisions taken as to how to count words are detailed next. Contractions such as del
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(de + el ‘of +themasc’ ) or al (a + el ‘to +themasc’) in Spanish and Catalan were considered one
word (unless the participant “broke” the contraction and specifically produced de el or a el) as well
as enclitic pronouns in non-finite verbs like in cogerlo (coger + lo ‘to catch itmasc-sing’) in Spanish
or mirar-lo (mirar + lo ‘to look at itmasc-sing’) in Catalan. However, when the clitic preceded the
finite verb as in lo cojo ‘InuLtL proNouN itcLimAsc siNG takevers” (‘I take it”) in Spanish or in el miro
‘INnuLL PrRONOUN ItcLi.masc.siNG 00K atvers (I look at it) in Catalan, it was counted as two independent
words because they are two orthographic words. We are aware of the debate that treating proclitic
and enclitic pronouns differently can raise but, for the sake of consistency, the orthographic
criterion was strictly applied. Compound nouns such as, for instance, cazamariposas ‘butterfly
net’ in Spanish were considered a single word. It is important to highlight that for comparability
purposes, in those cases where Spanish and Catalan differ in how to compute orthographic words,
the Spanish criterion prevailed (Spanish is the target language for between-group comparisons)
and it was applied to Catalan to ensure, to the maximum extent possible, comparable MLU and
TTR measures. The reason to do this was not to underestimate the morphosyntactic development
and lexical variability of bilingual speakers when narrating in Catalan, since it needs to be noted
that given the Catalan orthography, the exact same clauses between Spanish and Catalan could
have been computed shorter in Catalan than in Spanish and this fact could have had important
implications for the computation of both microstructural measures. For example, a Spanish clause
like el arbol es grande (thepet.mascsing. treenoun.masc.siNG. iSvEre.cop bigapainy.) has four
orthographic words, however, the Catalan equivalent /’arbre és gran has only three. This is due to
the fact that strictly orthographically speaking the Catalan determiner phrase is considered only

one word by including the compulsory determiner elided form with its corresponding apostrophe.®

% The masculine singular determiner el in Catalan changes to I’ when it precedes a noun starting with a vowel
(excluding i or u functioning as consonants) or mute h.
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If in this specific case, and in other similar ones, we would have not treated Spanish and Catalan
the same way, we would have computed exactly the same clause (determiner + noun + copular
verb + adjective) differently, and this is something we wanted to avoid to ensure, to the maximum

extent possible, comparability among languages.

7.2.3. Different word conventions

Similarly to the importance of delimiting utterances and word boundaries for the
computation of MLU and the total number of tokens, it was also necessary to delimit what were
considered different types of words in order to compute the TTR. The general criterion was that
every word used was a type except repeated words and those words with different forms but the
same “meaning” (allomorphs).®® In Catalan allomorphs are more common than in Spanish and
when included they were coded as the same type. For example in a Catalan clause as El nen va
veure [’arbre ‘The boy saw the tree’ both el and /" were computed as the same type (el-determiner).
On the other hand, in case of polysemic words, independently of these being lexical or functional
words, they were coded and computed as different types. For example in a clause like la rana sigue
al nifio y él la invita a bafarse con él ‘the frog follows the kid and he invites her to take a bath
with him’ both la were coded as different types: (1) as a la¢ (feminine and singular determiner)
and (2) as a lac (feminine and singular accusative clitic pronoun). Same words with different
number and/or gender inflection were considered different words. For example, rana ‘frog’ and
ranas ‘frogs’ as well as la ‘Theperremsing.” and el ‘Theper.masc.sing.” counted as different types.
Similarly, different inflection in person and/or number of the same verb counted as different types.

For instance, saltamos, first person plural used as present ‘we jump-present’; saltamos, first person

8 We are referring to free morphemes. A morphological analysis including bound morphemes is beyond the scope of
this dissertation.
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plural used as preterite ‘we jumped-past’; and saltan, third person plural used as present ‘they
jump’ (and the rest of the verbal forms with different person or tense/aspect/mood markers or
meanings) counted as different words. Following this rationale, in those cases in which the same
verbal form was used to refer to different persons, as for example the 15t and 3" singular person of
the imperfect tense, the different verbal forms were counted as different types. In code-switching
cases, if a bilingual speaker referred to the same reality in both languages, as for example when
using rana (Spanish) and granota (Catalan) to refer to the frog, both words were counted as two

different types.

7.3.  Measures and data analysis: macrostructure and microstructure
Macrostructural measures and data analysis

The 18 narratives (13 in Spanish and five in Catalan) were evaluated by two trained
independent raters following the NSS conventions. Both raters were Spanish-Catalan bilinguals
with a solid linguistic and pedagogical background. Narratives were presented randomized by
language and raters were blind to the participants’ characteristics. Catalan narratives produced on
the basis of the Frog, where are you? story were evaluated following the NSS scoring rubric for
this picture book (SALT Software LCC, 2016). In the absence of an specific NSS scoring rubric
for A boy, a dog and a frog, Spanish narratives for this picture book were evaluated with Bowers’
(2012) scoring rubric proposal. The NSS assesses the participants’ macrostructural narrative

abilities evaluating the seven characteristics detailed in Table 28.
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Table 28. Summary of the NSS evaluation criteria (SALT Software LCC, 2017).

Introduction Adequate character and setting portrayal.

Character Development Reference to both main and supporting characters through the
development of the plot.

Mental and Emotional States Use of language to describe the characters’ thoughts and emotions.
Referencing/Listener Awareness Use of clear and unambiguous referents and antecedents.
Conflict/Resolution and Accurate description of the different conflict/resolutions and
Event/Reaction event/reactions depicted in the story.

Cohesion Information presented coherently and cohesively.

Conclusion Adequate story ending.

Following the NSS protocol, each characteristic is evaluated according to a 0-57 scale
where, in the authors’ terms, five means “Proficient characteristics”, three means “Emerging” and
one means “Minimal/Immature”. Two and four are two undefined values which are used as the
judges’ criteria to mark in between states among the three consolidated states previously presented.
The sum of the different characteristic scores is used as a holistic narrative measure (see SALT
Software LCC, 2017; for a detailed description of this narrative evaluation protocol).

It has been suggested that due to the NSS’ somehow relative subjective evaluative
component, interrater agreement may be lower than that found in more unbiased scoring systems
(Heilmann et al., 2010, p. 161). Thus, in an attempt to overcome this potential subjective factor,
the procedure followed in McFadden and Gillam (1996), which in turn is based on Myers’ (1981)
holistic scoring system, was followed to evaluate the interraters’ agreements/disagreements.
Accordingly, scores that differed by one point per characteristic and rater were not considered as
disagreements. On the other hand, a two point difference (or higher) was considered a

disagreement. The disagreements were annotated by the author of this dissertation and were

0 Given that in the analysis we only included narratives with enough material to be evaluated, the score range was
actually 1-5, since as described in the manual a score of 0 was reserved for severe deficiencies.
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communicated to the two raters, who met and resolved them by consensus. Disagreements
represented 14.29% of the cases (13 out of 91) in Spanish and a 5.71% in Catalan (2 out of 35).
The interrater reliability for each characteristic and the whole narrative was then calculated with
the Intraclass Correlation Coefficient (ICC), a widely-known measure to check for interrater
reliability taking into account both the “degree of correlation and agreement between measures”
(Koo & Li, 2016, p. 156). This index has been broadly used within the field to analyze interrater
reliability when evaluating narrative abilities among TD and non-TD individuals (Estigarribia et
al., 2011; Gongalves et al., 2002, 2011; Zevenbergen et al., 2003; among others).

ICCs were computed using SPSS statistical package version 25 (IBM Corp., 2018) based
on a mean-rating (k = 2), absolute-agreement, 2-way mixed-effects model. According to Koo and
Li (2016, p. 158), a possible ICC interpretation is the following: below .5 = poor reliability,
between .5-.75 = moderate reliability, between .75-.9 = good reliability and greater than .90 =
excellent reliability. The standard cut point for interrater reliability analysis is normally stablished
at .70, although this cut-off threshold has been open to debate (see Lance et al., 2006 for more
details). The ICC values for each characteristic and whole narratives in both languages are

presented in Table 29.

Table 29. Intraclass Correlation Coefficients for Spanish and Catalan narratives. Holistic
and analytical scores.

Spanish  Catalan

Holistic narrative evaluation .94 .93
Introduction 91 91
Character Development .78 .56
Mental and Emotional States .97 .98
Referencing/Listener Awareness .54 .89
Conflict/Resolution or Event/Reaction .72 .83
Cohesion 71 71
Conclusion .97 .89
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In the Spanish narratives all ICCs values were above the recommended .70 cut-off point
except for the referencing/listener awareness characteristic. Thus, given the low reliability of this
characteristic, and adopting a conservative approach, as in Finestack et al. (2012), this
characteristic was not further analyzed and the holistic narrative evaluation score was recomputed
(maximum score = 30) omitting this characteristic’s scores (interrater ICC = .95). In Catalan
narratives, only the Character development characteristic did not reach the minimum
recommended threshold of .70. As a consequence, when comparing the macrostructural narrative
abilities of bilingual speakers between languages, the comparison analysis did neither include
referencing/listener awareness nor character development characteristics. The holistic narrative
evaluation score in both languages was therefore recalculated (maximum score = 25) without these
two characteristics’ scores (interrater ICC > .93 in both languages). The final scores entered into
the analysis were the average between both raters per participant and characteristic (analytical
evaluation) or whole narrative (holistic evaluation).

We performed a between-group analysis and a within-group analysis for bilingual speakers.
In the between-group analysis we analyzed both groups’ macrostructural abilities in Spanish at a
holistic and an analytical level and in the within-group analysis we scrutinized the macrostructural
narrative abilities of bilingual speakers in both Spanish and Catalan. We first present the between-

group analysis followed by the within-group analysis.

Between-group analysis (monolingual vs. bilingual speakers)

Both holistic and analytical narrative scores were analyzed separately using a multiple
regression analysis (Im model) and a linear mixed model analysis (Imer model), respectively. For
the holistic narrative analysis, we run a multiple regression analysis with the Global Score as

outcome variable and with Group (-0.5 for Monolinguals vs. 0.5 for Bilinguals), Nonverbal 1Q,
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Receptive Vocabulary and Sentence Recall (all three z-scored) as independent variables. As a
multiple regression analysis was “simpler” than a linear mixed model analysis in the sense that
participants only contributed one data point, we run the analysis including all the predictors of
interest at once instead of breaking the analysis in two phases, as we did in the previous analyses.
This model was then submitted to a simplification process by removing one predictor at a time.
The original model was then compared to its simplified version and if its AICc value improved,
this model was kept and further simplified. Ultimately, the model with the lowest AICc was
selected as the best-fitting model.

When analyzing the narrative abilities from an analytical perspective, we first run a linear
mixed model analysis with Analytical Score as outcome variable and with Narrative Characteristic
(Introduction, Characters, Mental, Conflict, Cohesion, Conclusion) in interaction with Group (-0.5
for Monolinguals vs. 0.5 for Bilinguals) as fixed effects. The random effects structure included a
by-participant intercept and a slope for the Narrative Characteristic by participant.”* The
simplification process was the same as the one applied in chapters 5 and 6, which is described in

detail in chapter 4.

Within-group analysis (Spanish vs. Catalan among bilingual speakers)
The holistic narrative abilities in both languages were compared using a paired sample t-

test and the analytical narrative abilities were compared using a repeated-measures ANOVA.

L As it will be further discussed in the results section, given that the Narrative Characteristic predictor did not improve
the model-fit, we did move forward to phase 2 (i.e., inclusion of the three standardized measures as fixed effects).
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Microstructural measures and data analysis

The MLU and the TTR indexes were computed on the Spanish and Catalan corpora running
two Computerized Language Analysis (CLAN) commands: MLU and FREQ, respectively. With
these measures, we then performed two different statistical analyses as in the previous section: a

between-group analysis and a within-group analysis.

Between-group analysis (monolingual vs. bilingual speakers)

The MLU and TTR data were analyzed separately using a multiple regression analysis (Im
model) with the MLU and TTR scores as outcome variables. In both analyses, Group (-0.5 for
Monolinguals vs. 0.5 for Bilinguals), Nonverbal 1Q, Receptive Vocabulary, and Sentence Recall
(all three z-scored) were included as independent variables. Additionally, the Narrative Length
(number of words)”? variable was entered into the analysis in interaction with Group to check for
a potential narrative length effect on the participants’ score.”™ This variable is especially relevant
for the TTR analysis, since it has been argued that the oral/written production length can somehow
influence the TTR outcomes, i.e., longer productions may increase the chances of obtaining lower
TTR scores (Fergadiotis et al., 2015; Mellor, 2011; among others). The modelling process

replicates the one presented in the previous section.

Within-group analysis (Spanish vs. Catalan among bilingual speakers)
Bilingual speakers’ MLU and TTR measures in both Spanish and Catalan were compared

using paired sample t-test.

2 The number of words is equivalent to the number of tokens.

3 Although being monolingual or bilingual does not seem to a be significant predictor of the narrative length, the
Narrative Length variable was entered into the model in interaction with Group to make sure a potential interaction
between these two variables was not overlooked when modelling the MLU and the TTR data.
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7.4. Results

Descriptive data is presented first followed by the inferential statistical analyses for both

the between-group and the within-group analyses at the macrostructural level first and the

microstructural level next.

Results at the macrostructural level

Between-group analysis (monolingual vs. bilingual speakers)

Descriptive data in Table 30 shows that both groups demonstrate certain shortcomings

when it comes to narrating, since practically all the mean scores are below 3 (i.e., emerging

narrative state). Overall, participants show similar narrative abilities in all the narrative

characteristics under analysis and this is the case independently of their being monolinguals or

bilinguals. However, it is important to highlight that, even though the outcomes are similar,

bilingual scores are slightly higher across the board, especially for the character development and

conclusion characteristics.

Table 30. Mean holistic and analytical narrative scores by group in Spanish. SD in

parentheses.

Monolinguals Bilinguals
Holistic narrative evaluation? 15.07 (5.47) 17.92 (3.28)
Introduction® 2.57(0.89) 2.83(0.98)
Character Development 2.86 (0.90)  3.42(0.38)
Mental and Emotional States 2.29(1.29) 2.83(0.98)
Conflict/Resolution or Event/Reaction 2.43 (1.10)  2.92 (0.49)
Cohesion 243(0.61) 2.75(0.52)
Conclusion 250 (1.47) 317 (1.17)

@ The maximum score for the holistic narrative evaluation is 30.

b The maximum score per characteristic is 5.

In order to confirm these insights, we first analyzed the participants’ Holistic Narrative

score with a multiple regression analysis including Group, Nonverbal 1Q, Receptive Vocabulary,
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and Sentence Recall as predictors. The best-fitting model (see Table 31) only included the
Receptive Vocabulary variable, which explained a 13% of the data variance but it did not
contribute significantly to the model (F(1, 11) = 1.72, p = .217). These results indicate that none
of the predictors included in this study seems to play a significant role in predicting the

participants’ holistic narrative score.

Table 31. Model parameters for the best-fitting model. Dependent variable: holistic
narrative score.

Estimate SE t Pr(>|t))
Intercept 16.39 1.25 13.07 <.001*
Receptive Vocabulary  1.71 1.30 131 217

Receptive Vocabulary was z-scored

We then modelled the Analytical Narrative score outcome variable starting with the
maximal model presented in section 7.3. The model converged with the by-participant intercept
and with the Narrative Characteristic in interaction with Group as fixed effects. The best-fitting
model was the one including the participant intercept and the fixed effect of Group (estimate =
0.47, SE = 0.43,t = 1.11, p = .291)", which did not reveal differences between monolingual and
bilingual speakers. These results provide evidence that the repeated measure variable did not
improve the model fit, which is interpreted as not playing a significant role in the results obtained.
Thus, we did not continue further with this analysis, since proceeding with an analysis not
including the different narrative characteristic would overlap with the holistic narrative analysis

previously detailed.

4 Fixed effects: intercept (estimate = 2.75, SE = 0.21, t = 12.87, p < .001).
Random effects: participant intercept (SD = 0.72).

155



Within-group analysis (Spanish vs. Catalan among bilingual speakers)
Descriptive data in Table 32 suggest that bilingual speakers show comparable
macrostructural narrative abilities in Spanish and Catalan at both the holistic and the analytical

level.

Table 32. Mean holistic and analytical narrative abilities of bilingual speakers in Spanish
and Catalan. SD in parentheses.

Spanish Catalan
Holistic narrative evaluation? 15.10 (2.88) 14.00 (4.43)
Introduction® 3.20 (0.45) 3.20 (1.04)
Mental and Emotional States 2.80(1.10) 2.50(1.41)
Conflict/Resolution or Event/Reaction 3.00 (0.50) 2.80 (0.76)
Cohesion 2.90 (0.42) 2.80(0.57)
Conclusion 3.20 (1.30) 2.70 (1.15)

& The maximum score for the holistic narrative evaluation is 25.
b The maximum score per characteristic is 5.

In order to verify this, we first run a repeated measures ANOVA with Narrative
Characteristic (Introduction, Mental, Conflict, Cohesion, Conclusion) and Language (Spanish and
Catalan) as the within-subjects variables. The Mauchly’s test indicated that the sphericity
assumption was not met for the Narrative Characteristic variable (y2(9) = 19.80, p = .047) and
consequently the degrees of freedom were adjusted using the Greenhouse-Geisser correction (e =
.51). Results did not yield either a main effect of Narrative Characteristic (F(2.03, 8.13) = 0.77, p
= .495, np?>= 0.16), or of Language (F(1, 4) = 0.24, p = .650, #p>= 0.06). The interaction between
both factors was not significant either (F(4, 16) = 0.31, p = .869, ;p> = 0.07). These results reflect
that bilingual speakers show comparable outcomes for all the narrative characteristics in both
Spanish and Catalan. Similarly, a paired sample t-test revealed similar holistic narrative abilities
in both languages (t(4) = 0.49, p = .650, d = 0.22).

In summary, results show that both monolingual and bilingual speakers have similar

macrostructural narrative abilities and that they do not display shortcomings or strengths for
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different narrative characteristics included in the NSS scoring system, but similar outcomes across
the board. Bilingual speakers display comparable results at the microstructural and the

macrostructural level in both Spanish and Catalan.

Results at the microstructural level
Between-group analysis (monolingual vs. bilingual speakers)

Descriptive data in Table 33 suggest that monolingual and bilingual speakers show similar
MLU and TTR scores. However, despite overall similarities both measures show different
tendencies: higher MLU for monolinguals and higher TTR for bilinguals. In terms of narrative
length, it seems that monolingual speakers would be more productive than bilingual speakers, since
on overage they produce narratives 75 words longer. However, a simple regression analysis
indicated that group was not a significant predictor of the narrative length (F(1, 11) = 1.43,p =

257).

Table 33.Number of words (= tokens), types, MLU and TTR by group in Spanish.

Number of Words Number of MLU TTR
(=Tokens) different Types
Monolingual Bilingual Monolingual Bilingual Monolingual Bilingual Monolingual Bilingual
Mean 338.29 262.83 101.29 89.83 8.20 7.20 0.31 0.34
SD 138.71 72.20 41.48 22.87 131 1.49 0.05 0.02
Range 144-541 156-338 54-170 56-109 6.35-10.06  4.73-8.73 0.22-0.38 0.32-0.36

In order to determine whether monolingual and bilingual speakers showed comparable
results and whether the narrative length, the nonverbal 1Q, the receptive vocabulary, and the
sentence recall abilities might play a role in predicting the MLU and TTR scores, we ran two
multiple regression analyses as detailed in the analysis section. We present first the MLU results

followed by the TTR ones.
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The best-fitting model for the MLU variable outcome (see Table 34Table), which
explained 17% of the data variance, only included the fixed effect of Narrative Length and did not
play a significant role predicting the MLU score (F(1, 11) = 2.24, p = .163). Thus, according to
these results, we can conclude that both groups presented a similar morphosyntactic complexity
development and that none of the other four predictors included in the analysis played a role in the

participants’ MLU scores.

Table 34. Model parameters for the best-fitting model. Dependent variable: MLU.

Estimate SE t Pr(>|t))
Intercept 6.19 1.10 5.62 <.001*
Narrative Length 0.01 0.00 1.50 163

The best-fitting model for the TTR variable outcome (see Table 35) included Group,
Nonverbal 1Q, and Sentence Recall as predictors. The model explained 69% of the data variance
(adjusted R2 = 59%), which is pretty high for linguistic data (see Winter, 2019, p. 106), and the
inclusion of the aforementioned predictors played an important role in predicting the TTR scores
(F(3,9) =6.71, p = .011). More precisely, results indicated that, when keeping all the predictors
constant, a significant difference between groups arose revealing a higher lexical variability for
bilingual speakers (t = 0.96, p = .003). Also, results evidenced that, when holding all the predictors
constant, an increase in the Nonverbal 1Q (t = -2.87, p = .018) and sentence recall abilities (t = -
2.93, p = .017) resulted in a decrease of the TTR score. These results are puzzling and we will
come back to this issue in the discussion section. The standardized beta values () show that the
fact of being monolingual or bilingual is the central predictor of the model followed by the

nonverbal 1Q abilities and by the sentence recall abilities in this order.
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Table 35. Model parameters for the best-fitting model. Dependent variable: TTR.

Estimate SE t B Pr(>|t|)
Intercept 0.33 0.01 43.28 <.001*
Group 0.08 0.02 4.09 0.96 .003*
Nonverbal 1Q -0.03 0.01 -2.87 -0.66  .018*
Sentence Recall -0.02 0.01 -2.93 -0.57  .017*

The Group predictor is contrast-coded (monolinguals, coded as -0.5 vs.
bilinguals, coded as 0.5) and the Nonverbal 1Q and Sentence Recall predictors
are z-scored.

Within-group analysis (Spanish vs. Catalan among bilingual speakers)

Descriptive data in Table 36 show that bilingual speakers display similar MLU and TTR
outcomes in both languages, which was confirmed by inferential statistics (t(4) = 1.85, p =.138, d
=0.83; t(4) =-0.61, p=.573, d =-0.28; respectively). When it comes to the length of the narratives,
results suggest that bilingual speakers may be more productive in Catalan than in Spanish, however

this difference was not statistically significant (t(4) = 1.70, p = .165, d = 0.76).

Table 36. Number of words (= tokens), types and MLU and TTR indexes in Spanish and
Catalan for bilingual speakers (experiment 4).

Number of Words Number of MLU TTR
(=Tokens) different Types
Spanish Catalan Spanish Catalan Spanish Catalan Spanish Catalan
Mean 284.20 355.80 96.60 124.40 7.70 7.05 0.34 0.35
SD 55.61 43.92 17.62 16.77 0.97 157 0.02 0.05
Range 192-338 304-424 68-109 100-147 6.37-8.73 5.68-9.34 0.32-0.36 0.28-0.42

In summary, the MLU and TTR outcomes seem to be sensitive to different predictors.
While neither Group nor any of the three standardized measures included in this study appeared to
predict the MLU scores, the fact of being monolingual or bilingual together with the participants’
nonverbal 1Q and the sentence recall abilities predicted, albeit in the opposite direction to what we
expected, the participants’ TTR scores. As was the case with the metalinguistics tasks, bilingual

speakers exhibited comparable results in both Spanish and Catalan.
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7.5. Discussion

The main aim of this chapter was to compare the narrative abilities of monolingual and
bilingual speakers with PWS. To address this, we elicited oral narratives using the Frog Stories
series and we analyzed the participants’ holistic and analytic narrative macrostructural and
microstructural abilities using the NSS scoring system and the MLU (in words) and the TTR
indexes, respectively. Overall, the results did not evidence that being monolingual or bilingual was
a significant predictor of the different measures under study, although an exception for the TTR
results was found. In this case, bilingual speakers, while maintaining the nonverbal 1Q and the
receptive vocabulary abilities constant, produced significantly richer narratives in terms of lexical
variability. These findings, which do not show a detrimental effect of bilingualism, are in line with
the results of the two previous chapters and with the results of previous research centered on the
study of bilingualism in individuals with DS (Feltmate & Kay-Raining Bird, 2008; Kay-Raining
Bird et al., 2005; among others). Furthermore, the BA detected is also in line with previous
research revealing some strengths of bilingual speakers for certain microstructural measures for
DLD-SLI (Tsimpli et al., 2016) and ASD bilinguals (Peristeri et al., 2020), albeit with different
measures. We will now elaborate on these findings.

Focusing first on the microstructural results, it may look surprising that the group showing
richer narratives in terms of vocabulary is the bilingual one, since it has been argued that bilinguals
normally show lower receptive vocabulary abilities (Bialystok et al., 2010; Bialystok & Luk, 2012;
among others) than their monolingual peers. This type of research has traditionally put the
bilinguals’ receptive vocabulary abilities to the test using standardized tests or very controlled
experimental tasks. However, in this case, participants were not evaluated on their passive

vocabulary but on their expressive one and in a situation where they were in control of what they
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said and how they said it. Additionally, and with all due caution, taking into account the
spontaneous nature of the task and the few constraints imposed, the bilinguals’ better lexical
variability outcomes could also be interpreted in terms of better bilingual linguistic creativity, since
previous research has suggested better divergent thinking abilities for dual speakers (see Adesope
et al., 2010). Alternatively, the BA found could be explained in terms of language mixing, since,
as noted when detailing how different words were counted, the same lexical word in Spanish and
Catalan in the same narrative counted as two different types. These cases, although occasional, are
an idiosyncrasy of the bilingual narratives. Another factor to take into account is the proximity
between Spanish and Catalan, two languages from the same family (Romance languages), which
does not allow us to rule out the hypothesis of a positive crosslinguistic transfer effect at the lexical
level benefiting bilingual speakers. In addition to all this, it is fair to acknowledge a possible effect
of the TTR measure itself. We are aware that one of the main criticisms of the TTR index as a
measure of lexical variability is its sensitivity to length, since longer productions can be penalized
in terms of TTR scores (Fergadiotis et al., 2015; Mellor, 2011). Nonetheless, this pattern was not
observed in our corpus, since the best-fitting model for the TTR results did not include the narrative
length variable. Be that as it may, this possible positive effect of bilingualism should be interpreted
cautiously and should be confirmed in future research with different indices assessing the lexical
diversity/variability abilities, with different types of narrative elicitation methods and with
different language pairings.

Focusing on the MLU outcomes, our results did not reveal group as a significant predictor.
Now, the next step would be to investigate how TD and PWS individuals compare in terms of
MLU. We do not have direct comparable data to carry out this contrast, but if we compare the

mean MLU score of monolinguals (MLU = 8.20) and bilinguals (MLU = 7.20) with PWS in this
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chapter with the results obtained by Garcia-Alcaraz (2018) from a TD adult English-Spanish
bilingual when narrating exactly the same picture book (A boy, a dog and a frog) in Spanish, the
PWS population does not seem to differ much from this TD individual (MLU = 7.84). Nonetheless,
it needs to be stressed that, for this TD bilingual, Spanish was not his/her dominant language but
the heritage language and when this same picture book was narrated in English (dominant
language) the MLU increased (MLU = 11.10). If a similar pattern is found when comparing the
MLU results of the TD and the PWS population in Spanish, these results would be in line with
Lewis’ (2002), who compared the MLU (in morphemes) of TD and PWS individuals using
conversational data at different age ranges (from childhood to adulthood) and showed that the
PWS individuals fell behind at all developmental stages.

In terms of the macrostructural abilities, our findings evidenced similar narrative
shortcomings for both monolinguals and bilinguals across the board, since all the analytical scores
were below 4 and the majority of them were below 3, which reflects an emerging narrative state.
These results are in line with previous research evidencing that narration is a hard task for
monolinguals (Garayzabal-Heinze et al., 2012; Lewis et al., 2002) and bilinguals with PWS
(Garcia-Alcaraz, 2018). However, once again, despite the fact that inferential statistics did not
reveal a significant positive effect of bilingualism, descriptive data (see Table 30) showed higher
mean scores for bilinguals for all the narrative characteristics as well as at a global level, which
could be, somehow, pointing to a potential BA.

Spanish-Catalan bilinguals produced similar narratives in both their languages for the
microstructural and the macrostructural measures. These results are in line with Fiestas and Pefia
(2004) and with Kunnari et al. (2016), who did not find differences between TD bilinguals’

children languages when assessing their narrative macrostructural abilities. The absence of
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differences between languages at the macrostructural level is in line with Gagarina et al.’s (2016)
hypothesis, which, as detailed in chapter 2, states that differences between bilinguals’ language, if
found, are expected at the microstructural but not at the macrostructural level, since the latter does
not focus on specific language use but addresses a more cognitive dimension and these cognitive
abilities would be easily transferrable between languages. At the microstructural level, it is
noteworthy that, despite the fact that our bilingual speakers are predominantly Catalan dominant,
they show similar outcomes for their non-dominant language, which aligns with Fiestas and Pena’s
(2004) results showing similar productivity outcomes for the two languages of TD Spanish-
English bilingual children.

Lastly, regarding the role played by the nonverbal 1Q, receptive vocabulary and sentence
recall abilities in the results obtained, our findings only revealed as predictive factors the nonverbal
IQ and the sentence recall abilities for the TTR outcomes. However, contrary to what we
hypothesized, the effects of these two variables were negative, i.e., higher nonverbal 1Q and higher
sentence recall abilities resulted in a decrease of the TTR score. A priori these results seemed
puzzling, but a demotivating effect could have been the cause for such results. When we presented
the narrative task, some participants, especially those with higher functioning abilities, were not
very excited about the idea of narrating a picture book, since they perceived it as a children’s task,
but they finally freely agreed to complete it. It is possible that some of them, albeit having been
told that it was a common task used with both children and adults, may not have been very
motivated and did not put a lot of effort on the task resulting in more repetitive and less elaborated
narratives. Future studies assessing the narrative abilities of this population should find a more

engaging elicitation method for older participants that somehow ensures the participants’
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stimulation and neutralizes a possible (de)motivation effect, which we suspect is the cause of the
unexpected findings.

In summary, this chapter has revealed, overall, similar outcomes for both monolingual and
bilingual speakers with PWS at the macrostructural and microstructural level and no differences
between languages at these two levels for bilingual speakers. Moreover, in this case a significant

BA has been detected when evaluating the participants’ lexical variability abilities.
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8. General discussion and conclusions

The main aim of this dissertation was to compare the EC, metalinguistic and narrative
abilities of monolingual and bilingual individuals with PWS to shed light on whether the fact of
speaking two languages does not result in negative effects for the PWS as has been proposed for
other DD (Kay-Raining Bird et al., 2016; Paradis & Govindarajan, 2018). Additionally, we were
interested in elucidating whether the potential beneficial effects of bilingualism suggested for the
TD population, and more recently for the non-TD population in different contexts (see Chapter 2
for a review), showed in our data. To meet this goal, we administered four experimental tasks to
eight Spanish monolingual speakers with PWS and to seven Spanish-Catalan speakers with the
same syndrome. These tasks targeted abilities for which previous research has suggested a
potential BA. Experiment 1 consisted of two EC tasks intended to compare monolingual and
bilinguals’ interference suppression abilities using the Flanker task (a non-language based task)
and the Stroop task (a language driven task). Experiment 2 and experiment 3 evaluated the
participants’ metalinguistic abilities using a SJT and a WLJT, respectively. Experiment 2, beyond
the assessment of the participants’ metalinguistic abilities also evaluated their grammatical
knowledge. Lastly, with the oral narratives, which were labeled as experiment 4, the participants’
microstructural and macrostructural narrative abilities were evaluated. In addition to these
experimental tasks, participants also completed different standardized tests intended to obtain a
clearer picture of their nonverbal 1Q abilities as well as their receptive vocabulary and sentence
recall abilities. On the one hand, these three measures allowed us to have a better understanding
of the participants’ non-verbal and linguistic profile and, on the other hand, enabled us to determine
the comparability of monolinguals and bilinguals with respect to those abilities. Beyond its main

objective, this dissertation also investigated the global role of these three cognitive and linguistic
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measures on the different experimental tasks’ results and whether bilingual speakers showed
different linguistic abilities in Spanish and Catalan at the metalinguistic and narrative levels. To
put the findings in perspective, this final chapter is organized as follows: in section 8.1 we
recapitulate the main outcomes by answering the five research questions set out in chapter 4. In
section 8.2 we succinctly discuss the effects of bilingualism on the PWS and we discuss the results
obtained in the light of the BAH. Next, the contributions and implications of this dissertation as

well as the limitations and future research recommendations are presented in section 8.3.

8.1.  The cognitive and linguistic abilities of monolinguals and bilinguals with Prader-Willi

Syndrome.

In chapter 4 we laid out five research questions which are discussed below.

Research Question 1: How do bilinguals and monolinguals with PWS compare with respect to

EC, in particular in relation to the interference suppression abilities?

Based on previous research focused on bilingualism and genetic syndromes (see section
2.3 for a review), we did not anticipate negative effects of bilingualism for the PWS population.
In fact, on the basis of the BAH and previous findings suggesting a BA at the EC level for
bilinguals with ASD (Baldimtsi et al., 2016, 2020; Gonzalez-Barrero & Nadig, 2019b; Peristeri et
al., 2020), if an effect of bilingualism was detected for the PWS population this was expected to
be positive.

Our results clearly showed no negative effects of bilingualism. However, while descriptive
results for RT data pointed to a general BA by showing overall faster RTs for bilingual speakers

as well as smaller interference effects in both EC tasks and an smaller facilitation effect on the
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Stroop task, the inferential statistical analysis either did not include the group variable into the
best-fitting model or if included, it did not reveal significant differences between groups. Thus,
neither instances of the BICA hypothesis (lower RTs for bilinguals in the incongruent condition)
nor of the BEPA hypothesis (lower RTs for bilinguals across the board) were confirmed. Both
monolingual and bilingual speakers showed higher RTs for incongruent trials when compared to
neutral trials (interference effect) but similar RTs when comparing the congruent and neutral
conditions (no facilitation effect). Similarly, accuracy data revealed a very high accuracy rate
among participants independently of their being monolingual or bilingual speakers (> 90%). This
high level of offline performance revealed not only that participants understood the task, which
was also confirmed with the practice trials administered before the actual task, but also that they
did not show impaired interference suppression abilities, or at least not with this type of measure

and with these types of tasks.

Research guestion 2: How do bilinguals and monolinguals with PWS compare with respect to

metalinguistic abilities?

Between the two metalinguistic tasks administered, the most revealing results were those
of the SJT. The WLJT task, on the other hand, did not allow us to see much of the underlying
metalinguistic abilities of PWS due to it being very easy for this population and leading to a ceiling
effect. Therefore, we concentrate on the SJT task results to discuss the metalinguistic abilities of
the PWS population.

As with the EC abilities, no negative effects of bilingualism were anticipated at the

metalinguistic level and if differences between groups were detected these were anticipated to be
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positive for bilingual speakers, as in Gonzalez-Barredo and Nadig’s (2017) study, where a BA was
found when administering a metalinguistic task entailing high demands on EC to ASD individuals.

Taking into account previous research results assessing the metalinguistic abilities of the
TD population within Bialystok’s metalinguistic cognitive framework using a SJT (Bialystok,
1986, 1988; Bialystok et al., 2014; among others), it was hypothesized that if bilingualism played
a similar role for the non-TD population to that suggested for the TD-population, bilingual
speakers with PWS would be expected to outperform monolingual speakers when judging
meaningless but grammatical sentences (essentially a metalinguistic measure) but not necessarily
when judging ungrammatical but semantically sound sentences (essentially a linguistic measure).
In fact, and due to language dominance, if a bilingual effect was detected for the latter sentences,
we expected this effect to be negative.

Descriptive data revealed that, on average, bilingual speakers had a slightly higher score
than monolingual speakers when judging sentences assessing essentially metalinguistic abilities,
while the reverse pattern, with a rather higher difference, was observed when evaluating
fundamentally grammatical knowledge. Nevertheless, as was the case when we evaluated the EC
abilities, the inferential statistical analysis did not reveal differences between groups: neither a BA
nor a bilingual disadvantage for any of the measures under evaluation, not even for the more
linguistic ones. This finding is especially relevant since it is important to bear in mind that
bilinguals were compared to their monolingual peers in their non-dominant language and, even if
they were at a disadvantage, they did not show grammatical knowledge shortcomings when
compared to Spanish monolingual speakers.

It is also important to emphasise that the best-fitting model for the SJT data did not include

the linguistic dimension variable, which suggests that the distinction between order and
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morphology did not play a role in the results obtained. We interpret this as meaning that sentences

manipulating both order and morphology entailed a similar degree of difficulty for this population.

Research _guestion 3: How do bilinguals and monolinguals with PWS compare with respect to

narrative abilities at the macrostructural and microstructural levels?

As in the previous two research questions, no detrimental effect of bilingualism was
anticipated. Again, assuming the hypothesis of similar effects of bilingualism at the narrative level
similar to those observed for the TD and non-TD population (see sections 2.1.3 and 2.2.3 for a
review), differences between groups, if present, were expected at the narrative cognitive level, i.e.,
the narrative macrostructure (measured using the NSS scoring system), than at the language use
level, i.e., the narrative microstructure (measured with the MLU and the TTR indexes). However,
the results revealed the opposite pattern: comparative narrative shortcomings for monolingual and
bilingual speakers at the macrostructural level but better lexical variability abilities for the
bilingual group. In this case, bilinguals outperformed their monolingual peers possibly due to a
positive crosslinguistic transfer effect facilitated by the similarity between Spanish and Catalan,
both Romance languages. However, although with different measures, Tsimpli et al. (2016) and
Peristeri et al. (2020) also reported benefits of bilingualism at the microstructural level for
individuals with DLD-SLI and ASD, respectively. In the case of the MLU, no differences between

groups were attested.
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Research question 4: Do participants’ individual differences in terms of nonverbal 1Q, receptive

vocabulary and sentence recall abilities play a role in explaining some of the overall data variance

observed when analyzing the participants’ EC, metalinguistic and narrative ability results?

The analysis of the participants’ cognitive and linguistic characteristics revealed that
overall both monolingual and bilingual speakers showed comparable nonverbal 1Q, receptive
vocabulary and sentence recall abilities. Nevertheless, both groups showed higher nonverbal 1Q
than receptive vocabulary abilities. Taking the receptive vocabulary scores as a proxy for verbal
IQ (Bell et al., 2001; Hodapp & Gerken, 1999; Krasileva et al., 2017), our participants showed
better nonverbal than verbal abilities, which, considering that most of them belonged to de DEL
PWS subtype, constitute results that are in line with previous research (Copet et al., 2010;
Dimitropoulos, Ferranti, et al., 2013). In the specific case of bilingual speakers, they showed better
receptive vocabulary abilities in Catalan than in Spanish but similar outcomes for both languages
with respect to the sentence recall scores. These results are not surprising if we take into account
that bilingual speakers were mostly Catalan dominant; although it is important to exercise caution
as the Catalan results, unlike the Spanish results, were not standardized.

When the global effect of these three participants’ characteristics was analyzed to
investigate whether better nonverbal 1Q, receptive vocabulary, and sentence recall abilities led to
overall better outcomes in the different experimental tasks administered, the results revealed that,
in general, they did not play a significant role, with the exception of the SJT and the TTR results.
In both cases the nonverbal 1Q predictor was significant and in the case of the TTR measure so
were the sentence recall abilities. Nevertheless, contrary to our hypothesis, which predicted that if
these measures played a role, the effect would be positive, our findings showed the opposite: higher

abilities lead to worse outcomes. As discussed in chapters 6 and 7, at this point our account of
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these findings are speculative and future research should determine whether these effects are truly
a pattern. Our explanation for the negative effect of the nonverbal 1Q in the SJT task is that these
results could somehow be showing that individuals with higher nonverbal 1Q scores, i.e., more
logical; performed poorly when judging grammatically correct but semantically anomalous
sentences, i.e., the less logical sentences. In other words, what we are proposing here is an
interaction between the experimental condition variable and the nonverbal 1Q scores and this is
something that future research can easily (dis)prove with a wider sample that allows to explore
this interaction with more robust data so that all the predictors can be introduced at once. In the
case of the TTR results, the most feasible explanation that the data available allow us to consider
is a demotivation effect: participants with higher nonverbal 1Q and better sentence recall abilities
perceived the narration task as a children’s task not worth their effort. Future research should take
this into consideration and look for more engaging alternative narrative elicitation tasks that could
neutralize a potential demotivation effect.

These findings showed that, in general, the three standardized measures were not a
significant predictor of the results obtained but when an effect was found the nonverbal 1Q abilities
emerged as the more relevant one. Other researchers have highlighted the relevance of 1Q (either
full, verbal or nonverbal) when assessing the EC (Chevalére et al., 2015) and the metalinguistic
abilities (Jauregui et al., 2007) of the PWS population, although in these cases they have showed
a more predictable relationship. Taking this into account, future research should pay special
attention to the participants’ (non)verbal 1Q when analyzing and interpreting experimental and

spontaneous data.
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Research guestion 5: Do bilingual speakers show comparable metalinguistic and narrative

abilities in both Spanish and Catalan or do they perform better in Catalan, the predominantly

dominant language?

On the basis of language dominance, we anticipated that bilingual speakers would show
similar outcomes in both of their languages for the less linguistic driven measures, i.e., in the
grammatical but meaningless sentences in the SJT and in the macrostructural narrative analysis;
and better outcomes in Catalan for those measures evaluating essentially linguistic knowledge or
use, i.e., ungrammatical but semantically sound sentences in the SJT and the microstructural
narrative analysis. Our findings, however, revealed that bilingual speakers showed comparable
metalinguistic, grammatical knowledge and narrative abilities at both the macrostructural and
microstructural level in both Spanish and Catalan. As far as we know, this is the first study that
has investigated the metalinguistic and narrative abilities of individuals with ID in both of their
languages and also the first study that has made evident not only that early sequential bilinguals
with genetic syndromes can perform comparably to monolingual speakers with the same syndrome
in their non-dominant language but also that they can show comparable metalinguistic and

narrative abilities in both of their languages regardless of the language dominance factor.

8.2.  The effects of bilingualism on the Prader-Willi Syndrome population

A comparative analysis between the effects of bilingualism in the three areas investigated
in this dissertation reveal, overall, parallel results: no significant differences between monolingual
and bilingual speakers with PWS, with, as already mentioned, the exception of the lexical
variability measure in spontaneous data production, where bilinguals outperformed monolinguals.

These findings are unequivocal and align with previous research not revealing a negative effect of
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bilingualism for non-TD individuals (see Kay-Raining Bird et al., 2016 for an overview).
However, the discussion that remains opens is how to interpret our results in the light of the BAH,
whether as a failure to detect it or as a sign of its inexistence (see Valian, 2015 for a complete
discussion about these two positions).

In the case of the TD individuals, this debate is not new and each position has followers
and detractors.” For instance, Bialystok and collaborators are well-known advocates of the so-
called BA (Bialystok et al., 2008; Kroll & Bialystok, 2013; among others) while Paap and
colleagues (Paap, 2014; Paap et al., 2015) represent what can be called the critical position (see
Bialystok, 2016 for a comprehensive review of the ongoing debate). Going back in history, it has
been the case that since Peal and Lambert’s (1962) results showing positive effects of bilingualism
at the cognitive level, different researchers have devoted their research to study the effects of
bilingualism on dual speakers’ cognition, with the EC domain being one of the areas that has
attracted more attention and which has intensified during the last years. At the beginning, results
were predominantly positive, which led to the BAH proposal. However, as the field grew so did
the variability of the results and the skepticism about the existence of such BA (Bialystok, 2016).
In fact, it has been recently suggested that the BA could be the result of a publication bias, where
those studies supporting the BA would have had more chances of being published than those
challenging it (de Bruin et al., 2015).

Bialystok (2016) argues that in order to have an accurate picture of the real impact of
bilingualism, an in-depth analysis is needed with particular focus on different aspects, among

which a proper data interpretation stands out. Bialystok (2016) discusses that one of the main

5 As already mentioned in the introduction, although the more vivid debate principally lays at the EC domain, the
arguments presented within this subfield has been extended here to the other two areas under study, for which a BA
has also been proposed (see chapter 2).
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reasons that has led some researchers to challenge the existence of a BA is the fact of not finding
differences between monolinguals and bilinguals in the different studies conducted. However, as
she points out, it is important to have in mind that not finding a BA does not necessary imply its
nonexistence, since what null effects are telling us is that we cannot reject the null hypothesis but
under no circumstances can they be taken as an irrefutable proof of no differences between groups
(Bialystok, 2016, p. 528). Another important question which Bialystok emphasizes when
evaluating results is the importance of taking into account the population included in the study,
since, as already discussed, the young adult population has been repetitively proven to be a
particularly challenging one for detecting a potential BA (see Bialystok, 2016, or Vinerte, 2018,
for overviews), especially when the experimental tasks administered are simple and not
challenging (e.g., Costa et al., 2009). Two main possible explanations have been proposed for this
effect: on the one hand, the argument that the young adult population would be at their top
processing level (Kroll & Bialystok, 2013) and, on the other hand, the argument suggesting that
adolescents and young adults (also extensible to children) would be in a vital phase where they
would be exposed to different “cognitively challenging activities”, in Valian’s words, that could
result in similar effects to those proposed for bilingualism (Valian, 2015, p. 19). Nevertheless, it
is a fact that the results are not clear-cut and while there are studies centered on the young adult
population that have revealed a BA (e.g., Bialystok et al., 2008), others have shown a null effect
of bilingualism in populations where traditionally a BA has been shown to be more robust, as in
the case of children (e.g., Dufiabeitia et al., 2014). These divergences suggest that even though the
developmental stage may play a role on the results obtained, other factors may condition the
appearance or not of a BA. Luk and Bialystok (2013) suggest that bilingualism should not be

reduced to a mere yes/no classification but that it would be better described as a continuum
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involving different types (or degrees) of bilinguals. Hence, it is very important to carefully take
into consideration the bilinguals’ characteristics when designing a study and when interpreting the
results (Bialystok, 2018).

In this dissertation, given the difficulty to recruit participants with PWS, especially
bilingual speakers, the participant sample included a wide age range, although both groups were
comparable in this respect, as the majority were teenagers or young adults. This, together with the
fact that the descriptive data at the EC, metalinguistic and narrative macrostructural level
suggested better outcomes for bilinguals even though they were compared to monolinguals in their
non-dominant language, makes us adhere to Kroll and Bialystok (2013) and Valian’s (2015)
interpretation, among many other researchers, which highlights the difficulty to isolate a BA under
certain conditions. In this case the small sample, the participants’ developmental stage and the
language dominance factor might be hindering a potential BA. For the moment, our results do not
allow us to make inferences beyond pointing to an overall effect of bilingualism among
adolescents and young adults with PWS akin to that found in analogous TD populations using
similar tasks to the ones used in this dissertation.

It is premature to draw conclusions about the existence or inexistence of a BA among the
PWS population and more research is needed to determine whether the relationship between
bilingualism and EC, metalinguistic, and narrative abilities previously described for the TD
population holds for individuals with 1D, as some recent studies seem to suggest for DLD-SLI and
ASD individuals (Baldimtsi et al., 2020; Gonzalez-Barrero & Nadig, 2017, 2019a; Peristeri et al.,

2020; among others), or whether these individuals show an idiosyncratic behavior.
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8.3.  Contributions, implications, limitations and future research

8.3.1. Contributions

To the best of our knowledge, beyond two previous case studies (Garcia-Alcaraz, 2018;
Liceras & Garcia-Alcaraz, 2019), this is the first piece of research that has specifically addressed
the study of bilingualism in the PWS population with a group study design. At the theoretical level,
our results make an important contribution to the field of bilingualism in general and to the subfield
of bilingualism in atypical language development in particular. On the one hand, this study
provides valuable data about the nonverbal 1Q, receptive vocabulary and sentence recall abilities
of the PWS population, and, on the other hand, it offers novel data about the effects of bilingualism
on the EC, metalinguistic, and narrative abilities of these individuals. Despite bilingualism being
the focus of our research, the findings of this dissertation are not only pioneering in providing
insights on how bilingualism may shape the cognitive and linguistic abilities of bilinguals with
PWS but also on how to complement previous research intended to acquire more knowledge about
the cognitive and linguistic profile of monolinguals with PWS since, as stated in chapter 3, the
information available for PWS is limited when compared to that available for other genetic
syndromes (Lewis, 2006). As extensively discussed in these pages, the study of bilingualism on
individuals with DD is scarce and, even if growing, it is still in its first stages, being especially
limited in the case of individuals with 1D, which is nearly restricted to DS (see Kay-Raining Bird
et al., 2016 for a review). Thus, for the first time, at least in the terms presented here, the effects
of bilingualism in a non-TD population with ID have been scrutinized at both the cognitive and
the linguistic levels using both experimental (offline and online) and oral spontaneous data.

At the experimental level, as already mentioned, our findings contribute to this line of

research by providing new data from a different genetic syndrome (PWS), an understudied
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linguistic combination (Spanish-Catalan), an understudied bilingual profile (early sequential
bilinguals) and an unexplored developmental stage (mainly adolescents and adults). Another
contribution of this dissertation at the experimental level is the different experimental tasks created
to address the different objectives set. The EC and metalinguistic tasks used in this dissertation are
not novel, since they are established tasks within the field of bilingualism to assess the participants’
EC and metalinguistic abilities. However, they are a contribution in the sense that they have been
adapted for being used for the first time in both Spanish and Catalan, paying close attention to the
target population and their idiosyncratic needs. The experimental tasks were designed in view of
the nature of the items, the number of items per condition, and the task procedure, since these
factors were crucial to maintain the participants’ attention and to ensure data reliability. Likewise,
in an attempt to get the best outcomes from our results, we adopted different statistical approaches
taking into account the nature of the data obtained for each experimental task and for each specific
research question. Between-group analyses including repeated measures were run with mixed-
effects models analyses, which are powerful state-of-the-art statistical analyses that take into
account all data points and account for by-participant and by-item variability. This type of analysis
is gaining force within the field and this, together with all the aforementioned contributions, makes

this dissertation unique.

8.3.2. Implications

The results obtained within the framework of this dissertation support the claims, also made
in previous research, that individuals with DD do become bilingual, within the intrinsic limitations
of their condition, and, that speaking two languages does not show signs of negative effects (Kay-

Raining Bird et al., 2016; among others). As Kay-Raining Bird et al. (2016) maintain, the results
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derived from this type of research are specially relevant to help parents with children with DD, as
well as to practitioners working with this population, to make informed decisions about the
possibility of these individuals becoming bilingual. In this sense, the singularity of the Catalan
context (high presence of both languages within all social and media spheres) and the proximity
between these two languages, offers a unique scenario to gain a better understanding of the effects
of bilingualism in these individuals.

Unlike what may be the case in other bilingual contexts, these days Catalan non-TD
individuals, at least those with mild to moderate ID, become bilingual “by default” rather than as
a result of a conscious parental decision. For the majority of our bilingual participants Catalan was
the family main language of communication and the language of education. However, despite this,
their command of Spanish did not differ much from that of their monolingual peers, neither at the
experimental level, whose results have been presented and discussed here, nor at a more personal
level (i.e., the researcher’s perception when interacting with them during data collection). Both
Catalan and Spanish are intrinsically present in the Catalan society and, nowadays, irrespective of
each individual’s dominant language, all are exposed to the other language via instruction at school
or naturalistically, be it due to contact with friends and/or family members, leisure activities or
access to the media and social media platforms.

This dissertation compared monolinguals with bilinguals mainly in the bilinguals’ non-
dominant language and our findings not only showed that both groups performed comparably but
that bilinguals even outperformed Spanish monolinguals in some aspects, as was the case with the
lexical variability measure in the narrative task. Thus, what we know so far is that bilinguals with
genetic syndromes are not only comparable to their monolingual peers in their command of the

dominant language (Feltmate & Kay-Raining Bird, 2008; Kay-Raining Bird et al., 2005; among
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others) but also in their command of the non-dominant language, or at least with respect to some
cognitive and linguistic aspects, even if they are early-sequential bilinguals. These findings seem
to distance themselves from Kay-Raining Bird et al.’s (2016) proposal suggesting that in order to
match their monolingual peers, sequential bilinguals with DD could need more time. Our two
groups, despite not being homogeneous in terms of age at the within-group level, as we have
discussed and justified, did not significantly differ at the between-group level. Nonetheless, in
order to have a better understanding of the language developmental process in different types and
degrees of bilingualism, an exhaustive contrastive longitudinal study is needed. On the other hand,
our findings align with Kay-Raining Bird et al.’s (2016) claim about the importance of the amount
of language exposure for language development in general and for the development of the non-
dominant language in particular. In our case, language exposure was key and definitely the
proximity between both languages might have also played a decisive a role. Be that as it may, what
our results have made evident is that when both factors converge (i.e., high exposure and language
proximity) the outcomes seem to be quite encouraging.

It is premature to draw educational or pedagogical implications from these results and more
research is needed to be in position to formulate an intervention plan for the classroom. Knowing
more about this population’s strengths and shortcomings in relation to the TD population would
provide educational professionals and practitioners with valuable information to offer this
population a more tailored curriculum that could result in better academic outcomes. For example,
a pedagogical implication that may derive from this type of research and that can be useful to
illustrate our point may be the support needed by these individuals with narrative production. It
has been repetitively shown that these individuals, be they monolingual or bilingual, have

problems when narrating, a very common but complex activity that has implications for their social
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relationships (Lewis, 2006). Thus, intervention and educational professionals should learn from
empirical research highlighting these deficiencies and explicitly address them, or, if they are
already doing so, they could increment the time dedicated to working on narrative production and
reconsidering the way in which they are addressing this issue. This implication is not new and has
been previously discussed in Garayzabal-Heinze et al. (2012) and Lewis et al. (2002) for
monolingual speakers with PWS and in Garcia-Alcaraz (2018) for a bilingual speaker with PWS.
However, it is worthwhile to revisit it here, since we have more data from a group study design
comparing monolingual and bilingual individuals. This makes us aware of the importance of
conducting research with these populations in order to encourage transferring this knowledge to
the classroom. Among the limited linguistic research available for the PWS population, narratives
have been an area of relative interest and this has made it possible to make a first attempt of
discussing a pedagogical implication. We are confident that in the near future more implications
would follow in other domains when more research is conducted, and more findings become
available.

As Paradis (2016, p. 80) points out “our knowledge of bilingualism and the capacity for it
in children with DD has only scratched the surface”, thus we join her and many other researchers
working on the field (Cleave et al., 2014; Feltmate & Kay-Raining Bird, 2008; Kay-Raining Bird
et al., 2005; among others) in advocating for the encouragement, whenever possible, of
bilingualism among individuals with DD unless it is proven that bilingualism has significant
negative effects beyond those already described for the TD population, something that seems

highly unlikely if we take into account the consistency of the non-negative results so far.
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8.3.3. Limitations and future research

Although the number of participants is considerable taking into account the population
included in the study, the fact of not counting with a larger sample similar to those included in
studies exploring the effects of bilingualism among TD individuals could be perceived as a
limitation. Taking this into account, the conclusions drawn here need to be taken cautiously, since,
for the moment they are circumscribed to this participants’ sample and we need more data to
extrapolate our findings to the PWS population at large. Similarly, more data is needed in order to
be able to perform more powerful statistical analyses. This dissertation incorporated a fine-grained
mixed-effects models analysis to have a better understanding of how monolinguals and bilinguals
with PWS compared in the different experimental tasks including repeated measures. However,
due to the data available, we needed to be particularly careful not to overfit the models in order to
ensure convergence and, as a result, we broke the analyses into two phases.”® Predictably,
expanding the participants’ sample size will not only allow us to run the different analyses
including all the predictors at once but also to investigate interactions between variables
unexplored so far, such as, for instance, the interaction between the three standardized test scores
and the different experimental conditions. Having more data would also increase the chances of
obtaining convergence with more complex models, especially at the random effects structure level.
All of this would provide a more precise and richer picture of the results obtained.

Future research centered on elucidating the effects of bilingualism in non-TD individuals
with special emphasis on testing the BAH should try to administer different cognitive and
linguistic tasks to two more homogenous groups in terms of age. It would also be advisable to

avoid the young adult population and to recruit either children or older adults, since these two age

76 Different to the mixed-effects model analyses, regression analyses were run with all the predictors at once.
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groups have been said to be the ones for whom it would be more feasible to detect a potential
beneficial effect of bilingualism. Also, it would be noteworthy to study the role of language
dominance, since it could be the case that a potential BA could arise when comparing monolinguals
and bilinguals with PWS in the bilinguals’ dominant language. For instance, in the specific case
of Spanish-Catalan bilingualism, it would be interesting to see how Spanish dominant and Catalan
dominant bilinguals compare between them and in relation to the Spanish monolingual group with
respect to different cognitive and linguistic abilities.

Especially relevant would also be the exploration of how monolinguals and bilinguals with
different PWS subtypes compare at the cognitive and linguistic levels, since previous research has
pointed to possible differences between the two PWS subtypes with a higher incidence: DEL and
UPD (see chapter 3). We were not able to do so because more than 70% of our sample were
individuals belonging to the DEL subtype. To address this comparison, however important, would
be challenging, since individuals with UPD represent a 20-30% of the PWS population and
individuals with imprinting only a 1-3% (Cassidy et al., 2012; Foundation for Prader-Willi
Research, n.d.). More recently, it has been suggested that PWS individuals that have received
growth hormone treatment show better full and verbal 1Q scores than those who did not and that
the effects were larger when the treatment started during the first year of age (Dykens et al., 2017).
The effects of how the growth hormone treatment, if received, influenced the results obtained was
not explored here, as it was not available in the previous literature reviewed, but it is definitely
something that should be carefully looked at in future studies.

In relation to the experimental task design, the WLJT proposed did not prove to be a very
enlightening task to assess the participants’ metalinguistic abilities because both monolinguals and

bilinguals performed at ceiling. This indicates that this task was not challenging enough to detect
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the participants’ underlying metalinguistic abilities. This is valuable information to take into
account in future research when designing new tasks geared towards this population. Nevertheless,
it is worth noting that, as discussed in chapter 6, from an observational point of view, participants
took longer and produced more dubitative answers for incongruent items. Therefore, in order to
(dis)prove this observation, the next step would be to adapt this task to an online version to measure
participants’ response latency. Also, it would be interesting to adapt the SJT to an online task, as
in Bialystok et al. (2014). This way we would have a more comprehensive view of how these
individuals process grammatical meaningless sentences (metalinguistic measure) and
ungrammatical meaningful sentences (linguistic measure). Future research should also explicitly
focus on how monolingual and bilingual speakers with PWS deal with different morphosyntactic
language phenomena, since a better understanding of these individuals’ linguistic profile is needed
in order to carry out intervention policies intended to offer them with an educational curriculum
tailored to their needs.

In this study we neither included a TD monolingual nor a TD bilingual group because our
main objective was to specifically study the effects of bilingualism on the PWS population.
However, future research should explore whether and how individuals with PWS differ from the
TD population when performing different cognitive and linguistic tasks. This would allow us to
detect relative strengths and shortcomings that, properly identified, could potentially translate into
better intervention measures at the academic level. Another issue especially relevant would be to
investigate how bilingual individuals with different genetic syndromes compare when performing
different cognitive and linguistic tasks. In this respect, some between-syndrome comparison
studies have been carried out with monolingual individuals. For instance, Garayzabal-Heinze et

al. (2012) compared the narrative abilities of individuals with PWS, WS and Smith-Magenis
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Syndrome, Diez-1tza et al. (2019), on their part, contrasted the morphological abilities of
individuals with DS and WS and, Woodcock et al. (2009) compared the EC abilities of individuals
with PWS and Fragile X syndrome, to name a few examples. It is obvious that more research is
needed, especially with bilinguals, since we need to determine how individuals with different
genetic syndromes resemble or differ, so that we can have a clearer picture of whether some
cognitive and linguistic characteristics and the potential effects of bilingualism are common across
genetic disorders or are rather syndrome specific. Again, having this information would translate
into better intervention practices and would help intervention professionals to address general and
specific needs when dealing with a heterogeneous group of individuals with these characteristics.

We would like to conclude by acknowledging that, as with every piece of research, this
dissertation presents limitations which, nonetheless, do not undermine the relevance of the study,
since these results represent a first attempt to better understand the effects of bilingualism in the
PWS population and constitute a basis for continuing to build new knowledge in this rather virgin
research area. Different researchers have devoted an important body of research to raise awareness
about the importance of studying bilingualism among individuals with ID and have made this field
take off. With this dissertation, we hope to contribute to taking the field one step forward and it is
our hope that this will be our first group study, of many others to come, investigating the effects
of bilingualism in individuals with genetic syndromes. We also hope that other researchers in the

field, as well as newcomers, will join with new data to make the field grow and advance.
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Appendix A. Participants’ individual characteristics | and 11

Chronological | Speaking | Reading | Writing | Speaking | Reading | Writing
(AoO)? (A0O) (A0O) (A0O) (A0O) (A0O)

Participant | Gender Group PWS type | Maternal studies age Spb SP SP CA® CA CA
M101 female monoling. deletion university 47,0 25 5 6
M102 male monoling. deletion university 22;5 3 6 6
M103 female monoling. imprinting university 31;6 25 7.5 7.5
M104 female monoling. deletion secondary school 15,9 15 8 8
M105 male monoling. deletion university 19;10 2 4 4
M106 male monoling. deletion university 9;4 4 5 5
M107 male monoling. deletion secondary school 20;0 5 6 6
M108 male monoling. deletion postsecondary 19;5 2 8 8
B201 female bilingual deletion university 10;6 3 7.5 6 3 7.5 6
B202 male bilingual deletion postsecondary 10;5 4 6 6 4 6 6
B203 male bilingual disomy university 15;2 6 6 6 2 5 5
B204 female bilingual deletion university 15;2 6 7 7 3 5 5
B205 female bilingual imprinting university 28;0 15 5 5 15 5 5
B206 male bilingual disomy university 15;3 4 12 12 3 12 12
B207 male bilingual deletion university 33;10 45 6 6 45 6 6

2 Age of onset (A0O).

®Spanish (SP).

¢Catalan (CA).
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Oral | Oral | Written | Written | Oral | Oral | Written | Written | Nonverbal | Recep. | Recep. Sent. Sent. Recep. | Recep. | Sent. Sent.
Com.2 | Pro. Com. Pro. Com. | Pro. Com. Pro. 1QP Vocab. | Vocab. | Recall | Recall | Vocab. | Vocab. | Recall | Recall
Participant SP SP SP SP CA CA CA CA SP SP SP SP CA CA CA CA
Age® Age Age Age
M101 2.88 2.86 1.50 5.33 86 55 11;2 55 4,5
M102 3.50 2.29 4.13 4.00 55 55 8;3 60 5;3
M103 4.13 6.00 5.13 7.33 87 55 12;6 100 15;1
M104 4.50 2.69 5.38 6.00 69 55 9;8 65 6;6
M105 3.75 243 2.75 4.00 74 94 17;2 75 7;8
M106 2.50 2.57 3.00 6.33 79 89 7;11 65 41
M107 3.88 5.29 4,57 5.33 81 55 10;7 60 5;3
M108 3.14 4.18 6.43 6.83 75 55 75 55 3,0
B201 3.25 3.92 5.75 6.67 138 | 1.85 3.50 5.33 112 63 75 55 3,0 85 8,5 55 3,0
B202 471 4.08 6.00 3.00 471 4.08 6.00 3.00 92 91 8;1 65 51 118 13;7 65 5;3
B203 3.25 2.58 5.67 2.80 263 | 242 5.33 2.80 79 55 7,9 95 12;4 67 8,5 90 10;4
B204 4.38 3.54 5.38 5.67 1.88 1.46 3.13 3.83 94 55 8,0 55 3;0 96 14;1 55 4,8
B205 1.88 4.15 5.50 6.67 1.63 | 3.38 5.25 6.33 83 78 16;3 105 15;10 93 18;11 105 15;10
B206 4.00 4.92 5.17 8.00 3.63 | 3.75 4.67 8.00 83 78 11;3 75 71 108 18;5 75 71
B207 6.13 3.29 6.86 5.50 6.38 | 4.71 743 7.83 88 55 9;8 55 3,0 74 11;1 55 3,0

aQOral/Written comprehension/production evaluation range from 1 (very easy) to 9 (very difficult).
®Nonverbal 1Q, Receptive vocabulary and Sentence Recall abilities are presented in standard scores (M = 100, SD = 15).
¢ Age-equivalent scores for the standardized tests. The CELF-5 interpretation manual does not provide specific chronological age equivalents below
or above 3;00-15;10 but the following interpretations: <3;00 or > 15;10 years old. Thus these two age points are used.
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Appendix B. Sample items of the Catalan version of the Sentence Judgment task
Practice items

20. Grammatically correct-semantically correct sentences (GCSC)
La meva professora és molt bona i explica molt bé.

The my teacher is very good and explains very well.

‘My teacher is very good and explains very well’.

21. Grammatically correct-semantic violation sentences (GCSV)
Viatgem en tortuga perque és mes rapid que viatjar en cotxe.
Travel in turtle because is more quick than travel in car.

‘We travel by turtle because is quicker than travelling by car’.

22. Grammar violation-semantically correct sentences (GVSC)
La Marta és al-lérgica al préssec i no pot *lo tocar [tocar-10].
The Marta is allergic to the peach and not can it touch.

‘Marta is allergic to the peach and cannot *it touch [touch it]’.

23. Grammar violation-semantic violation (GVSV)

La noia *ros [rossa] va comprar I'Gltima sabata a la floristeria.
The girleem blondvasc bought the last shoe in the florist.

‘The blond’’ girl bought the last show in the florist’.

Experimental items

24. Grammatically correct-semantically correct sentences (GCSC)
Ultimament el meu germa gran esta dormint fins molt tard.

Lately the my brother old is sleeping to very late.

‘Lately my older brother is sleeping until very late’.

25. Grammatically correct-semantic violation sentences (GCSV)
El Joan pensa que puc aparcar el llit al parquing.

The Joan thinks that can park the bed in the parking.

‘Joan thinks that I can park the bed in the parking lot’.

26. Grammar violation-semantically correct sentences (GVSC)

Ahir I’Enric va comprar una televisio i *la ens va regalar [ens la va regalar].
Yesterday the Enric bought a television and it to us gifted.

“Yesterday Enric bought a television and gave *to us it [it to us] as a gift’.

27. Grammar violation-semantic violation (GVSV)

Avui *anat nosaltres hem [nosaltres hem anat] a ’aeroport per agafar el vaixell.
Today gone we have to the airport to take the boat.

‘Today *gone we have [we have gone] to the airport to take the boat’.

7 As in Spanish, adjectives in Catalan agree in gender and number with the noun. This example includes a gender
violation (feminine noun and masculine adjective).
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Appendix C. sample items of the Catalan version of the Word-Length Judgment task

Practice items
Treballa-Tens ‘Workssc-Havezsc’, Feu-Naveguen ‘Do/MakezpL-SailspL’
Experimental items

28. Congruent pairings (largest animal/object was the longest word)

Rinoceront-Pop or Helicopter-Got
‘Rhinoceros-Octopus’ or ‘Helicopter-Glass’

29. Incongruent pairings (smallest animal/object was the longest word)

Canari-Porc or Boligraf-Forn
‘Canary-pig’ or ‘Pen-Oven’

30. Big neutral pairings (big animals/objects independently of the word length)

Unicorn-Ruc or Armari-Llit
‘Unicorn-Donkey’ or ‘Closet-Bed’

31. Small neutral pairings (small animals/objects independently of the word length)

Esquirol-Talp or Forquilla-Flor

‘Squirrel-Mole’ or ‘Fork-Flower’
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