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Summary

This dissertation study investigates the relationship between individual internal
factors and successful adult second language (L2) learning by analyzing the role that
individual differences in inhibitory control (IC) abilities and first language (L1)
grammatical flexibility, two factors that have been posited to be important for proficient
bilingualism, may play for adult L2 learning. This study aims to provide a multi-
dimensional account on the role of these two factors and their relationship with
successful adult L2 learning by providing both behavioral and neurocognitive evidence,
as an attempt to better understand the factors that may help explain the high degree of
variability in adult L2 learning outcomes.

Accordingly, the present study addresses the claims that suggests inhibitory
control abilities and L1 flexibility lead to increased adult L2 learning. First, this study
addresses this issue by directly measuring inhibitory control with multiple behavioral
cognitive measures and by measuring L1 flexibility at the grammatical level using an
event-related potential (ERP) paradigm. Second, this study aims to probe further into the
posited role of these constructs by investigating the distinctive roles that inhibitory
control and L1 grammatical flexibility may play in adult L2 learning among intermediate
adult L2 learners with different types of L2 learning experience. Finally, the study aims
to investigate to what extent inhibitory control abilities and L1 flexibility predict adult L2
learning success.

The results suggest that both inhibitory control abilities, specifically reactive
inhibitory control, and L1 grammatical flexibility helped account for the variability found

in L2 proficiency among our adult L2 learners of Spanish, and thus, may be added to the

xi
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list of existing individual factors that have been posited to be related to successful adult
L2 learning.

This study is the first, to the author’s knowledge, to specifically advance our
understanding of the role of inhibitory control and L1 grammatical flexibility in adult L2
learning by using both behavioral and neurocognitive measures. Thus, importantly, the
results of this study contribute to the existing body of knowledge on individual difference
factors related to adult L2 development and provide critical new insight into the
underlying cognitive and brain mechanisms that may contribute to successful adult L2
learning. Additionally, the results of this study, using both theories and methods from
cognitive psychology, bilingualism, and adult L2 learning have the potential to inform
research in these fields by expanding previous literature about the ways in which the
adult brain is able to accommodate and regulate the presence of a new language and the
functional role that inhibitory control and L1 flexibility may play both in adult L2

learning and for the becoming bilingual experience as a whole.

Xii



INHIBITORY CONTROL AND L1 FLEXIBILITY AS IDS IN L2

Chapter 1. Background

1.1 Introduction

In today’s world, many adults find themselves in a situation in which it is
beneficial or even necessary to learn a second language (L2). Yet, we can argue that L2
learning is possibly one of the most challenging and complex tasks for the adult mind. As
a matter of fact, adult L2 learners often struggle when learning an L2, resulting in a great
deal of variability in their learning outcomes, with some learners reaching favorable
milestones in their language learning experience while some other learners do not. Given
the great deal of variability in learning success across adult L2 learners, researchers in the
field of second language acquisition (SLA), for over five decades now, have been
interested in investigating the different characteristics that lead to successful adult L.2
learning (e.g., Gardner & Lambert, 1965; Carroll, 1981; Segalowitz, 1997; Dornyei &
Skehan, 2003). Despite the large number of SLA studies that have shed light on our
understanding how adult L2 learning takes place and the different conditions that may
enhance it, explaining the varying success in adult L2 learning is still an open question.
1.2 Statement of the Problem

One way in which SLA researchers have attempted to provide answers as to why
some adults succeed when learning an L2 while others struggle has been to identify the
role that internal factors, i.e., factors that are directly related to the learner, play in
successful adult L2 development using both behavioral and neurocognitive methods. A
variety of individual factors or individual differences have been proposed and explored
empirically (see Dornyei, 2006, for review) with the goal of identifying the ways in

which they contribute to adult L2 learning. Among the characteristics that have been
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identified, we find individual differences related to three different sets of factors, (a)
biological, such as age or sex (e.g., Maclntyre, Baker, Clément, & Donovan, 2002;
DeKeyser, 2012), (b) cognitive, such as language aptitude, intelligence, attention or
working memory (e.g., Harley & Hart, 1997; Kormos, 2000; Tagarelli, Borges-Mota, &
Rebuschat, 2011) and (c) affective, such as personality, learning styles or motivation
(e.g., Gardner, 1996; Van der Walt & Dreyer, 1997; Carson & Longhini, 2002). In
particular, research that focuses on investigating the role that individual differences in
cognitive abilities play in L2 learning has proven to be especially useful in accounting for
some of the large variability found among adults learning an L2. Findings from this area
of research have provided critical new insight into identifying the underlying cognitive
and brain mechanisms that may contribute to adult L2 learning. Also, they have
contributed to investigate the ways in which individual differences in cognitive abilities
may interact with different learning contexts, instructional practices, or processing
conditions to facilitate or hinder adult L2 learning (e.g., Morgan-Short, Faretta-
Stutenberg, Brill-Schuetz, Carpenter, & Wong, 2014; Issa, Morgan-Short, Villegas, &
Raney, 2015; Faretta-Stutenberg & Morgan-Short, 2018).

In addition to the abovementioned set of individual cognitive factors that have
been found to play a role in adult L2 learning, researchers in SLA have recently begun to
examine inhibitory control and first language (L1) flexibility as cognitive factors that
may potentially facilitate adult L2 learning. This interest has emerged, in part, due to a
hypothesis that suggests that learners with better inhibitory control abilities and more
"flexible" L1 systems may be better at learning an L2 (Bice & Kroll, 2015). This

hypothesis is driven by psycholinguistic research with bilinguals that revealed that both
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of their languages seem to be always active in the bilingual mind (e.g., Abutalebi &
Green, 2008; Bartolotti & Marian, 2012; Kroll, Dussias, Bogulski, & Kroff, 2012; Poarch
& van Hell, 2012), yet bilinguals are able to maintain functional separation between their
two languages (i.e., they are able use either one or the other language as desired). The
ability for bilinguals to functionally manage the constant co-activation seems to (a) be at
least partially resolved by inhibitory control mechanisms (e.g., Green, 1998; Dijkstra &
Van Heuven, 2002; Sunderman & Kroll, 2006; Misra, Guo, Bobb, & Kroll, 2012), and
(b) result in an interaction between the languages at the lexical, phonological, and
syntactic levels in which effects of one language are seen in the processing and,
sometimes, use of the other language (e.g., Thierry & Wu, 2007; Dussias & Sagarra,
2007; Sanoudaki & Thierry, 2014; Chang, 2013; Luque, Mizyed, & Morgan-Short, 2018,
Cabrelli, Luque, & Finestrat-Martinez, 2019). Although these effects have been examined
extensively in early bilinguals, their posited role in adult L2 learning, i.e., emerging adult
bilingualism, is relatively new and is only beginning to be addressed by empirical
research.

1.2.1 Inhibitory Control

One cognitive factor that has received special attention in bilingualism research,
but has only started to be explored empirically in adult L2 learners, is inhibitory control.
The interest in inhibitory control has been motivated by the increasing number of studies
with bilinguals that have found a relationship between inhibitory control mechanisms and
bilingualism, suggesting that inhibitory control may be one of the underlying mechanisms
that allow the mind and brain of bilinguals to accommodate the presence of two

languages (Green, 1998; Green & Abutalebi, 2013). These studies have found evidence
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that suggests that, even in monolingual contexts, bilinguals have their languages active at
all times (e.g., Hernandez, Li, & MacWhinney, 2005; Sunderman & Kroll, 2006; Thierry
& Wu, 2007; Hatzidaki, Branigan, & Pickering, 2011; Wu, Cristino, Leek, & Thierry,
2013; Jacobs, Fricke, & Kroll, 2016). The constant co-activation of bilinguals’ languages
has been shown to generate cross-linguistic competition. The resulting cross-linguistic
competition requires bilinguals to learn to correctly select the language they intend to use
while having, at the same time, to manage the competition and interference derived from
having their other language active at all times. Among the mechanisms involved in
helping bilinguals manage their languages, inhibitory control has been posited to play a
central role in helping bilinguals to functionally manage their languages (Green, 1998;
Green & Abutalebi, 2013). With regard to adult L2 learning, only a few studies to date
have investigated the role that inhibitory control abilities play in successful adult L2
development with some indicating a relationship (Levy, McVeigh, Marful, & Anderson,
2007; Linck, Kroll, & Sunderman, 2009; Bartolotti, Marian, Schroeder, & Shook, 2011;
Kapa & Colombo, 2014; Grant, Fang, & Li, 2015; Darcy, Mora, & Daidone, 2016) while
some others do not (Linck & Weiss, 2015; Stone & Pili-Moss, 2015). Considering the
relevance of the findings that suggest that inhibitory control plays a functional role in
bilingualism, we need to identify to what extent inhibitory control abilities are related to
successful adult L2 learning, i.e., emerging bilingualism. Thus, one of the primary goals
of this dissertation is to investigate the relationship between inhibitory control ability and

adult L2 learning.
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1.2.2 First Language Flexibility

As the field of bilingualism and SLA continued to investigate the way in which
bilinguals and L2 learners are able to functionally manage their languages, studies of
bilingual language processing have provided evidence that sheds light onto how each
language may be affected by the cross-linguistic interference that results from juggling
two languages in one mind (e.g., Dussias & Sagarra, 2007; Sanoudaki & Thierry, 2014;
Sanoudaki & Thierry, 2015; Luque, Mizyed, & Morgan-Short, 2018).

These studies have revealed that bilingualism holds implications for the ways in
which bilinguals and L2 learners process their languages. Particularly, empirical evidence
has been found that indicates that the constant interaction between bilinguals’ languages
may result in bidirectional influences between the languages of bilinguals (Cook, 2003),
where, in addition to L1 influences on the L2, we may find L2 influences on L1 that may
change the way in which bilinguals process their L1. In that vein, a recent hypothesis has
suggested that changes to the L1 may constitute a key step of proficient bilingualism and
thus, has posited that learners who may be more flexible and thus, better able to tolerate
changes to the L1, may be those who become more successful L2 learners (Bice & Kroll,
2015; Kroll, Bogulski, & McClain, 2012). An emerging strand of research has started to
investigate whether being more flexible in your L1 and, thus, more tolerant to the
underlying changes that the L1 may undergo as a function of being bilingual, can also be
evidenced during adult L2 learning. Recent behavioral and neurocognitive studies have
found evidence of L1 changes to the lexicon and phonology during adult L2 learning.
These studies have provided some preliminary evidence of L1 change at both the lexical

and phonological level (Baus, Costa, & Carreiras, 2013; Bice & Kroll, 2015; Chang,
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2012; Kartushina, Frauenfelder, & Golestani, 2016, Cabrelli, Luque, & Finestrat-
Martinez, 2019). However, no study, to our knowledge, has investigated whether
evidence of L1 change can also be found during L1 grammatical processing and whether
adult L2 learners who seem to be better able to tolerate those changes, i.e., those with a
more flexible L1 system, may be those who show higher proficiency in an L2. In
addition, further investigation into the interplay among inhibitory control abilities and L1
flexibility may allow us to better understand the implications that L1 flexibility may have
for adult L2 development. Addressing these open questions is the second general aim of
this dissertation.
1.3 Open Questions and Present Study

These open questions lead to the dissertation study’s aim to examine whether
being able to control and tolerate changes to one’s L1, specifically during grammatical
processing, may be among the characteristics of successful adult L2 learning.

Accordingly, this doctoral dissertation study addresses claims that suggest that
inhibitory control abilities and L1 (grammatical) flexibility lead to increased adult L2
learning. First, this study addresses this issue by directly measuring inhibitory control
with multiple behavioral cognitive measures and by measuring L1 grammatical flexibility
using an event-related potential (ERP) paradigm. Second, this study aims to probe further
into the posited role of these constructs by investigating the distinctive roles that
inhibitory control and L1 flexibility may play among a range of intermediate adult L2
learners. Finally, the study aims to investigate to what extent inhibitory control abilities
and L1 flexibility predict adult L2 learning success. The present study will be the first, to

our knowledge, to specifically advance the field's understanding of the role of inhibitory
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control and L1 grammatical flexibility in adult L2 learning. More generally, the present
study is expected to, at least partially, account for variation among L2 learners, and to
provide new insight into the underlying cognitive and brain mechanisms that may
contribute to successful adult L2 learning. Overall, the current dissertation study aims to
experimentally address theoretical questions about adult L2 learning as informed by
methodological approaches and theoretical perspectives from cognitive psychology,

bilingualism, and L2 research.
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Chapter 2. Review of Literature

2.1. Introduction

The present study encompasses questions of interest that aim to investigate the role that
inhibitory control and L1 flexibility, two cognitive factors which have been posited to play a key
role in bilingualism, have for successful adult L2 learning. Due to the interdisciplinary nature of
this study, this chapter provides a review of relevant literature for the proposed study as informed
by theories and methods from cognitive psychology, bilingualism, and adult L2 learning.

First, Section 2.2 provides an overview of theoretical questions as well as a review of
empirical research related to the role of inhibitory control in bilingualism and adult L2 learning.
Next, Section 2.3 offers a tentative definition of L1 flexibility as well as a review of empirical
research related to the role of L1 flexibility in bilingualism and adult L2 learning. Finally,
section 2.4 provides a description of the motivation and research questions for examination in the
present study to elucidate the role that inhibitory control and L1 flexibility may play in adult L2
learning.

2.2 Inhibitory Control

In the last 20 years, a growing body of research has been dedicated to investigating how
the mind and brain accommodate the presence of two languages. A key finding in bilingualism
research suggests that, even in monolingual contexts, both languages are always active while
bilinguals read, write, listen, plan to speak and/or speak in one of their languages, regardless of
the requirement to use one language alone, as revealed by a substantial amount of evidence
gathered by both behavioral and neurocognitive studies (e.g., Poarch & van Hell, 2012; Dijkstra,
2005; Wu & Thierry, 2010; Jacobs et al., 2016; Marian & Spivey, 2003; see Costa, La Heij, &

Navarrete, 2006 for alternative view). These studies have shown that the constant parallel
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activation of the bilinguals' two languages generates cross-linguistic competition. Nonetheless,
we observe that bilinguals are able to maintain functional separation between their languages. In
other words, they are able to select the language they want to use and even switch between their
languages with relatively high accuracy. This observation suggests that bilingual language
processing requires bilinguals to learn to correctly select the language they intend to use while
having to, at the same time, resolve the resulting cross-linguistic interference derived from their
other language being active at all times (e.g., Linck, Hoshino, & Kroll, 2008; Abutalebi &
Green, 2008; see Kroll et al., 2012, for a recent review).

One domain-general cognitive mechanism that has been proposed to aid in the resolution
of this cross-linguistic competition and interference for bilinguals is inhibitory control (e.g.,
Green, 1998; Green & Abutalebi, 2013; Kroll, 2008). Below I more specifically review the
phenomena of inhibitory control in bilingualism and lay out the argument about why inhibitory
control capacity should be considered as an individual difference worth investigating in adult L2
learning. First, I provide a definition of inhibitory control and describe models that attempt to
explain its role in bilingualism. Second, I briefly review evidence that suggests that inhibitory
control is an important element of bilingual language processing and use. Finally, I argue as to
why inhibitory control abilities may play a functional role in adult L2 learning.

2.2.1 Inhibitory Control: Definition and Models

The context for examining inhibitory control within the area of bilingualism and L2
learning research has been determined by a growing interest in understanding the way in which
bilinguals are able to juggle two languages in one mind. As previously mentioned, a large
number of psycholinguistic studies have hypothesized that the parallel activation of the

bilinguals’ languages generates cross-linguistic competition which needs to be resolved for
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bilinguals to be able to functionally use their languages. One of the mechanisms hypothesized to
be involved in bilingual language selection is inhibitory control (e.g., Green, 1998; Dijkstra &
Van Heuven, 2002; Abutalebi & Green, 2008). Inhibitory control refers to the ability to suppress
information or responses that are prepotent, automatic, and/or irrelevant for the successful
completion of a given task (Miyake & Friedman, 2000; Miyake & Friedman, 2012). In regard
to language, it has been posited to play a role in aiding the management and regulation of the
competition between the bilinguals' languages as well as in selecting the language that is being
intended for use by the bilingual brain (e.g., Bialystok, 2009; Bialystok & Craik, 2010; Costa &
Sebastian-Gallés, 2014).

Theories in cognitive psychology have identified inhibitory control, along with
interference control, working memory updating, and set shifting, as core executive functions
(EFs) (e.g., Barkley, 2012; see Diamond, 2013, for recent review). EFs have been defined as
“high-level cognitive processes that, through their influence on lower-level processes, enable
individuals to regulate their thoughts and actions during goal-directed behavior” (Diamond,
2013, p. 137) and have been shown to display a general pattern of shared but distinct functions
(Miyake & Friedman, 2000).

A series of theoretical models have attempted to conceptualize how bilingual language
selection and control takes place and suggested that bilinguals’ ability to functionally manage
and use their languages may be directly linked to inhibitory control.

The most prominent hypothesis, the Inhibitory Control (IC) Model (Green, 1998), poses
that a domain-general control mechanism in the bilingual brain is responsible for aiding the
resolution of the cross-linguistic competition and interference by suppressing irrelevant language

representation, such as words from the language that the speaker does not intend to use (i.e., non-
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target language), in order to allow for the representations of the language in use (i.e., target
language) to reach the necessary level of activation required for language selection to take place.

Similarly, the Bilingual Interactive Activation (BIA+) model of word recognition (Dijkstra
& Van Heuven, 2002) proposes that bilingual language selection is an interactive process that
requires both activation and control of lexical entries. More specifically, the BIA+ proposes that as
lexical representations of the target language become activated, that activation is spread through
language nodes that use non-linguistic contextual cues, i.e., task demands, goals of the speaker, etc.,
to inhibit the activation of the lexical representations from the non-target language.

Both the IC and BIA+ models propose that the amount of control that needs to be exerted
for bilingual language selection to occur is of a reactive nature. In other words, they posit that
individuals utilize inhibitory control in response to the degree of activation of the competing
representations from the non-target language. These two models implicitly suggest that bilingual
language selection and control is an interactive process, involving the ability to coordinate top-
down and bottom-up processes that extend beyond the ability to inhibit non-target language
representations.

In that regard, recent psycholinguistic studies investigating how bilingual language
selection and control take place have provided evidence that supports the idea that language
control extends beyond an individual’s global inhibitory capacity (e.g., Costa, Hernandez,
Costa-Faidella, & Sebastian-Gallés, 2009; Morales, Gomez-Ariza, & Bajo, 2013; Morales,

Yudes, Gomez-Ariza, & Bajo, 2015). Findings from these studies have driven researchers to
suggest the need to dissociate different aspects of inhibitory control, such as proactive and
reactive inhibition, in order to investigate how different executive processes dynamically interact

during bilingual language processing and use. In the same vein, Green and Abutalebi (2013)
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have proposed a revised version of the IC model, the Adaptive Control Hypothesis (ACH),
which attempts to incorporate other factors within the inhibitory-account perspective of bilingual
language selection that may better capture the complexity of the bilingual experience. The ACH
posits that bilingual language control may not just be exerted based on individuals’ needs to
achieve a specific goal, i.e., the inhibition of non-target language representations. Instead, Green
and Abutalebi (2013) argue that bilingual language control may not only be reactive but may
also be adaptive to meet the ever-changing demands placed by the very diverse interactional
contexts in which bilinguals often find themselves. Thus, the ACH poses that bilingual language
control also involves the ability to coordinate a different set of processes, such as goal
maintenance and conflict monitoring, in addition to reactive inhibitory mechanisms to achieve
proficient language performance.

Accordingly, the present study addresses these theoretical considerations given that
multiple measures of inhibitory control were incorporated in order to dissociate different aspects
of inhibitory control, such as conflict monitoring and proactive and reactive inhibition. The
incorporation of multiple tasks allows us to investigate (a) the relationship between global
inhibitory control ability (i.e., reactive control) and adult L2 learning, as well as (b) how
different inhibitory control processes (i.e., proactive, reactive, and conflict monitoring) interact
and adapt during adult L2 processing among adult L2 learners at the intermediate level.

2.2.2 Inhibitory Control: Evidence of Its Role in Bilingualism

Initial evidence supporting the inhibitory control account in bilinguals comes from
behavioral studies that employed language-switching tasks on the lexical level (see Abutalebi &
Green, 2008, for review). One of the earliest studies to test this hypothesis was conducted by

Meuter and Allport (1999). In their seminal study, Meuter and Allport (1999) asked bilinguals to
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name aloud a series of digits using their two languages in an unpredictable manner. During the
task, participants were presented with a set of trials and were asked to respond using their L1 for
a consecutive number of trials (non-switch trials) followed by a set of trials where participants
had to respond using their L2 (switch trials) with the order counterbalanced across participants.
Results showed that bilinguals took longer to perform the switch trials compared to the non-
switch trials. The most interesting finding was revealed when comparing the time it took for
bilinguals to switch (i.e. switch-cost) from their L1 to their L2 relative to the time it took for
them to switch from their L2 to their L1. Analyses showed a greater switching cost when the
switch was made from their L2 to their L1 than the reverse, revealing that it was more costly for
bilinguals to switch from L2 to their L1 than from their L1 to their L2. The asymmetry found
was taken as evidence of inhibition by hypothesizing that naming in the L2 required bilinguals to
engage inhibitory control more in order to manage the resulting cross-linguistic competition from
a dominant and stronger lexical representation in their L1. Therefore, additional time would be
required, as revealed by the difference in switch costs, to overcome the effects from having the
corresponding L1 lexical and phonological representation inhibited in the bilinguals’ strong L1
(see also Van Heuven, Dijkstra, & Grainger, 1998; Wodniecka, Bobb, Kroll, & Green, 2005;
Costa & Santesteban, 2004; Costa et al., 20006).

Additional behavioral evidence for the role of inhibition in bilingual language processing
has been found for semantics, grammar, and speech planning (e.g., Hoshino & Thierry, 2012;
Morales, Paolieri, & Bajo, 2011; Misra et al., 2012; Wu & Thierry, 2017). At the semantic level,
Hoshino and Thierry (2012) found electrophysiological evidence of inhibition of semantic
representations from the non-target language when bilinguals were asked to process homographs

in one of their languages that were related in meaning to the bilinguals' other language. At the
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grammatical level, in a picture-naming task, Morales et al. (2011), found evidence of inhibition
when grammatical gender was a source of competition between the bilinguals' two languages.
Finally, for speech planning, Misra et al. (2012), found electrophysiological evidence of
inhibition in a blocked switching task when bilinguals were asked to make a switch from naming
pictures in their L2 to naming them in their L1.

An additional indication of the role of inhibitory control in bilingualism comes from
studies reporting that bilinguals often tend to outperform monolinguals in non-verbal tasks that
require the use of inhibition (e.g., Bialystok & Martin, 2004; Ryan, Bialystok, Craik, & Logan,
2004) although results have been mixed (e.g., Costa et al., 2009; Paap & Greenberg, 2013, Wu
& Thierry, 2013; Dufiabeitia & Carreiras, 2015). In a study comparing monolingual and
bilingual children performance on the dimensional change card sort task (DCSST, Frye, Zelazo,
& Palfai, 1995), a task that requires participants to inhibit attention to a mental representation
and ignore misleading cues so that a new representation can be constructed, Bialystok and
Martin (2004) found that bilinguals exhibited significantly better inhibitory control skills in the
DCCST than monolinguals. Similarly, Ryan et al. (2004), in a study that required younger and
older monolinguals and bilinguals to perform a task where they needed to inhibit specific
information, such as the misleading position of target items or irrelevant information, found a
bilingual advantage when comparing performance between bilinguals and monolinguals.
Overall, these studies suggest that the lifelong experience of learning to manage two languages
in one mind, requiring the constant practice of having to inhibit the language not in use, may
hold implications for cognition more generally extending beyond the language domain, resulting

for example in more efficient inhibitory control abilities and a more enhanced executive function
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network for bilinguals (e.g., Bialystok, Klein, Craik, & Viswanathan, 2004; Bialystok & Craik,
2010; see Bialystok, 2009, for review).

These findings converge well with a growing body of neurocognitive research with
bilinguals that has provided evidence that brain regions associated with inhibition and other
cognitive control mechanisms, such as the left dorsolateral pre-frontal cortex (DLPC), the left
anterior cingulate cortex (ACC) and the caudate nucleus (CN), have shown increased activation
during bilingual language processing (see Abutalebi & Green, 2016, for review). These results
are consistent with the hypothesis that juggling two languages in one mind engages domain-
general executive functions, such as inhibitory control, to correctly select the language that
bilinguals intend to use while suppressing the non-target language representations from their
other language (see Abutalebi, 2008, for review).

In sum, the available empirical evidence suggests that bilinguals seem to engage
inhibitory control, among other executive functions, to manage the competition between their
languages. Also, it indicates that the life-long experience of using language control mechanisms
while juggling two languages in one mind has consequences for the mind and the brain of
bilinguals. Such consequences may reflect a reorganization of brain networks resulting in the
enhancement of domain-general cognitive control functions outside of the language-domain for
bilinguals, thus impacting the brain mechanisms that support the languages of bilinguals, and
ultimately reshaping the ways in which bilinguals are able to negotiate competition more
generally (e.g., Bialystok, Craik, & Luk, 2012; Kroll, Bobb, & Hoshino, 2014). Considering the
relevance of the findings that suggest that inhibitory control plays a functional role in

bilingualism, we need to identify to what extent inhibitory control abilities are related to
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successful adult L2 learning, i.e., emerging bilingualism, as well as the ways in which it impacts
the ability for adult L2 learners to become more bilingual-like during the L2 learning experience.

2.2.3 Inhibitory Control: Its Role in Successful Adult L2 Learning.

Drawing from the relevance of the findings that suggests that inhibitory control plays a
functional role in bilingualism, studies in the field of L2 learning have recently started to
investigate how inhibitory control abilities contribute to adult L2 learning. Emerging evidence
for a role of inhibitory control in adult L2 learning has been found at the lexical, phonological,
and grammatical level, as evidenced by both behavioral and neurocognitive studies (for the
lexical: Linck et al., 2009; Bartolotti et al., 2011; Grant et al., 2015; for the phonological: Levy et
al., 2007; Darcy et al., 2016; for the grammatical: Kapa & Colombo, 2014). However,
contradictory results have been found indicating no relationship between inhibitory control
abilities and adult L2 learning (Linck & Weiss, 2015; Stone & Pili-Moss, 2015).

Among the studies that have found a relationship between inhibitory control abilities and
adult L2 learning outcomes, we find three main patterns of interesting findings. First, similar to
bilinguals, empirical evidence suggests that the L1 seems to be inhibited during L2 use. Effects
of inhibition have been found in the L1 when looking at adult L2 learners' L1 performance on
behavioral tasks after L2 use. For example, using a picture-naming task adapted to a retrieval
practice paradigm, Levy et al. (2009) asked adult L2 learners of Spanish whose L1 was English
to repeatedly name target items in each one of their languages. The amount of trials that
participants had to spend naming target items in each language was critically manipulated in
order to investigate whether naming an item in the participants' L2 would result in the inhibition
of the corresponding representation in the participants' L1. Results showed that naming target

items in Spanish 10 times in a row significantly decreased the generation of English target items,
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suggesting that increased use of an L2 required participants to inhibit the phonological
representations of the target items in their L1, making them less accessible and thus, harder to
retrieve.

Linck et al. (2009) conducted an experiment where they examined performance on a
verbal fluency task between L2 learners who were immersed in the L2 during a semester abroad
with learners who had L2 classroom experience only. Participants were told that they would be
presented with a category (e.g., fruits) and had to produce as many examples of that category as
they could within 30 seconds (e.g., “apple, pear, banana, etc.”). Participants performed the verbal
fluency task in both their L1 and their L2. Results indicated that immersed participants were able
to produce significantly more examples in the L2 than the classroom learners. Interestingly, the
immersed learners produced significantly fewer examples in their L1 than the classroom
learners. These results provide further evidence for inhibition of the L1 during L2 use.
Additionally, their results show that access to the L1 may be differentially attenuated depending
on the context of learning (immersion vs classroom learning), with the L1 being less accessible
during immersion but the L2 more available. Taken together, these findings may partially shed
some light on why studying abroad, where learners are put in an environment where they are
asked to continuously exercise their ability to control their languages, has been evidenced to
result in greater language learning gains than classroom-only learning (e.g., Sanz, 2014; Grey,
Cox, Serafini, & Sanz, 2015).

Additional evidence of a role for inhibition during L2 processing comes from a
longitudinal study using functional neuroimaging (fMRI). In their study, Grant et al. (2015)
investigated whether L2 lexical processing would reveal increased activation of brain regions

associated with cognitive control, including inhibitory control, as compared to L1 lexical
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processing among early L2 learners. Participants completed a lexical decision task while their
brain activity was being recorded and were asked to identify both language-ambiguous words
(e.g., Spanish—English homographs such as pie, which means foot in Spanish but cake in
English) and language-unambiguous words (e.g., clearly English or clearly Spanish). Results
revealed significantly increased activation in cognitive control areas when adult L2 learners were
asked to resolve cross-linguistic interference from competing language ambiguous
representations. In sum, these results suggest that adult L2 learning, like proficient bilingualism,
requires domain-general control mechanisms, such as inhibitory control, to manage the
consequences of having to juggle two languages in one mind.

Second, studies suggest that the engagement of inhibitory control may be adaptive, as
hypothesized by the ACH model (Green & Abutalebi, 2013), and may differ based on L2
proficiency, as revealed by a significant interaction between inhibition and language dominance
where the least fluent L2 learners showed a significantly larger L1-inhibition effect relative to
the more fluent L2 learners (Levy et al., 2009). Similarly, changes in neural activity in brain
regions related to cognitive control were found as adult learners achieved higher proficiency in
an L2, revealing that gains in L2 proficiency may be related to participants' ability to manage
competition across their languages, at least at the lexical level (Grant et al., 2015). These results
suggest that the role that inhibitory control plays during L2 learning may differ as proficiency
increases, which may also be related to learners becoming more skilled at regulating the
influence of their L1 on their developing L2.

Third, studies have found an association between stronger inhibitory control abilities and
L2 learning outcomes. Evidence of a relationship between inhibitory control abilities and adult

L2 learning has been found for L2 word learning (Bartolotti et al., 2011), for L2 phonological
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learning (Darcy et al., 2016), and also for L2 grammar learning (Kapa & Colombo, 2014). For
L2 word learning, Bartolotti et al. (2011) asked participants to learn words from two novel
languages that were based on International Morse Code. Interference between the two languages
was manipulated by introducing two highly conflicting cues that competed to define word
boundaries differently across languages. Participants’ inhibitory control abilities were assessed
via a Simon task, a widely used behavioral task to assess inhibition. Results indicated that when
interference was high during L2 word learning, participants with stronger inhibitory control
abilities performed significantly better than participants with poorer inhibitory control abilities.
Researchers interpreted the effect by claiming that stronger inhibitory control abilities allowed
participants to better selectively attend to the set of cues that were key for word segmentation in
the high-interference condition, suggesting that stronger inhibitory control skills may not also
contribute to better L2 word learning overall, but that, importantly, they can also contribute to
word segmentation ability, both key abilities in L2 learning.

For L2 phonological learning, Darcy et al. (2016) asked L2 learners of Spanish to
complete a speeded ABX categorization task and a delayed sentence repetition task to assess L2
phonological processing in both perception and production. Additionally, they used a retrieval-
induced inhibition task to measure learners’ inhibitory control abilities. Results indicated a
relationship between L2 learners’ ability for segmental perception and consonant production and
inhibitory control abilities. Along with the finding of a relationship between L2 word and L2
grammar learning and inhibitory control, these results suggest that inhibitory control abilities
may also play a role in L2 phonological acquisition, where inhibitory control abilities may aid L2
learners with the processing of phonologically relevant acoustic information in the L2 input,

which would ultimately lead to the development of more accurate phonological representations
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in their L2.

Finally, for L2 grammar learning, Kapa and Colombo (2014) had participants learn an
artificial language to examine whether executive function abilities would predict how easily a
second language can be acquired. Participants were exposed to a simplified version of the
artificial language via an implicit training task, i.e., grammar rules were never explicitly taught.
The artificial language consisted of 12 nouns and 4 verbs presented via a picture book and a
series of training videos that were created for the study. From the combination of nouns and
verbs, 528 different sentences were created in the artificial language. Participants’ ability to learn
the small artificial language system was measured by using six tests of receptive and expressive
knowledge, including a grammaticality judgment task to assess L2 grammatical learning.
Inhibitory control abilities were assessed using the Attentional Network Task (ANT; Fan et al.,
2002), a task used to assess inhibitory control abilities among other executive functions. Results
found a relationship between inhibitory control skills and learners’ performance on a
grammaticality judgment task. The researchers concluded that the relationship between
inhibitory control and L2 learning that was found in the study may have be related to the
participants’ ability to inhibit their L1 during L2 grammar learning, suggesting that individuals
who may be able to better inhibit access to their L1 during L2 learning may be better equipped to
ultimately become more successful L2 learners.

The results from these studies suggest that the additional cognitive demands of
incorporating a new language into an already established linguistic system might be less
challenging to those individuals who have stronger inhibitory control abilities. In that vein, based
on the available evidence one would predict that one's ability to better regulate the influence

from a strong L1 grammar during L2 learning may yield benefits to learning the grammar of an
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L2.

However, despite the empirical evidence that suggests a posited role of inhibitory control
in adult L2 learning, other studies have found no relationship. In a correlational study, Linck &
Weiss (2015) found the opposite effect. Twenty-five beginner university students learning
Spanish as an L2 were asked to complete the Diploma of Spanish as a Foreign Language Test
(e.g., DELE, Montrul, 2005), to assess L2 grammatical competence, and a Simon task (Simon &
Rudell, 1967), as a measure of inhibitory control. Results revealed no relationship between
inhibitory control abilities and L2 grammatical proficiency, as assessed by the grammar portion
of the DELE, for adults learning an L2 in a classroom context. Additionally, and contrary to
Kapa and Colombo (2014)'s findings, Stone and Pili-Moss (2015) found no relationship between
inhibitory control abilities and participants’ ability to learn an artificial language. In their study,
native speakers of English were trained in an artificial language named Brocanto2 (developed by
Morgan-Short, Steinhauer, Sanz, & Ullman, 2012), which is composed of rules that are common
to Romance languages, such as Spanish. Participants received explicit training, i.e., grammar
rules were explicitly taught, of Brocanto2 grammar via a computer board game that contained six
comprehension and six production modules of language practice. After the practice modules
were completed, participants were asked to complete a GJT as a measure of L2 grammatical
development. Inhibitory control abilities were assessed via a Flanker task (Eriksen & Eriksen,
1974), a task typically used to assess inhibitory control abilities. Results showed a relationship
between performance on the Flanker task and GJT scores, thus suggesting no relationship
between inhibitory control abilities and the early stages of L2 grammatical development under
explicit learning conditions.

Even if results are mixed, the available evidence is relatively new and there still remain
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open questions to be answered. Also, the overwhelming findings in bilingualism that suggest a
role for inhibitory control in bilingualism motivate the need to continue studying this
relationship. Thus, advancing this line of research in the field of SLA may positively shed light
on the different underlying cognitive mechanisms that are involved in adult L2 learning. Studies
to date have not yet explored the role of inhibitory control abilities across a wide range of
intermediate adult learners with different L2 learning experience. A possible justification for the
null effects found in Linck and Weiss (2015) and Stone and Pili-Moss (2015) studies could be
partially explained by the fact that their participants were at very early stages of L2 learning, and
thus, inhibitory control effects may not have emerged because learners may have not had enough
experience controlling their two languages and/or may be still relying heavily in their L1
knowledge while using their L2. Given that inhibitory control has been linked to L2 learning, but
the relationship between L2 learners’ inhibitory control ability and L2 development at the
intermediate stages of L2 learning and for different L2 learning experiences is still largely
unknown, the primary research question of the proposed project is well suited to address the
existing gap. This project should provide some insight into this question given that data will be
collected across intermediate adult L2 learners as well as from monolinguals and bilinguals.
Also, recently it has been argued that the Flanker and the Simon task, the tasks used by
Linck and Weiss (2015) and Stone and Pili-Moss (2015) to assess inhibitory control in their
respective studies, may have low task reliability, and thus, using them as the only assessment of
inhibitory control may not provide the best measure of one’s overall inhibitory control ability
(Paap & Greenberg, 2013). In that regard, there is a growing consensus that suggests that due to
the complexity of the becoming bilingual experience, multiple inhibitory control tasks should be

utilized to assess both the unique and diverse nature of inhibition in order to explore in what
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ways and at what stages inhibitory control may play a role during adult L2 learning (e.g., Miyake
& Friedman, 2012; Morales et al., 2013). The proposed dissertation will address this
methodological consideration given that I propose to incorporate multiple measures of inhibitory
control and will collect data from adult L2 learners with different L2 proficiency and L2
experience.

Beyond looking at whether inhibitory control is associated with adult L2 learning, we
also want to consider whether a phenomenon that is at least partially related to inhibitory control
may also be related to adult L2 development. This phenomenon is L1 flexibility, and it has
recently been hypothesized to play a role in successful adult L2 learning (Bice & Kroll, 2015).
In the following section, I more specifically lay out the argument as to why L1 flexibility should
be considered as an individual difference in adult L2 learning. First, I provide a tentative
definition of L1 flexibility. Second, I briefly review evidence that suggests that L1 flexibility is
an important element to bilingual language processing. Finally, I argue as to why L1 flexibility
may play a functional role in adult L2 learning.

2.3. L1 Flexibility

As the field of bilingualism and L2 research have continued to investigate the way in
which bilinguals and L2 learners are able to manage two languages in a single mind, studies of
language processing with bilinguals have provided evidence that sheds light onto how each
language may be affected by the cross-linguistic interference that results from having to manage
both of their languages (e.g., Hernandez et al., 2005; Wu et al., 2013).

These studies revealed that the consequences of bilingualism extend beyond the parallel
activation of the bilinguals’ two languages and the reported cognitive advantages of enhanced

inhibitory control, among other executive functions. Interestingly, they also suggest that
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bilingualism has consequences for the way in which bilinguals and L2 learners process their
languages. Particularly, empirical evidence has been found that suggests that the constant
interaction between bilinguals’ languages may result in bidirectional influences between the
languages of bilinguals (Cook, 2003). Bidirectional influences have been found where not only
the L1! influences the L2, as it has been shown throughout the extensive literature on L1 transfer
(e.g., Sabourin, Stowe, & de Haan, 2006; Treffers-Daller & Sakel, 2012; Montrul & Ionin,
2010), but also where the L2 influences the L1, and, thus, may change the way in which
bilinguals process their L1, possibly making it more flexible, as a function of accommodating the
L2 into their existing language system.

2.3.1 L1 Flexibility: Definition

A formal definition of L1 flexibility has not yet been proposed. Nonetheless, researchers
that have found evidence of L1 flexibility due to L2 influence have attempted to explain the
nature of those changes. Among the ways researchers have attempted to characterize what L1
flexibility entails, we find L1 flexibility tentatively defined as (a) an acquired regulation skill, (b)
a strategy to admit the L2 into the existing language system, (c) a consequence of having to
regulate the L1 to enable proficient performance of the L2, (d) as indication that the learning and
active use of two languages creates dynamics that change the language system as a whole, and
(e) as an expected consequence of the interactive nature of having two languages housed in a
single brain (e.g., Kroll et al., 2012; Bice & Kroll, 2015; van Hell & Dijkstra, 2002; Kroll et al.,

2014; Kroll & Bialystok, 2013).

'Throughout the dissertation, we will use L1 to refer to the native or most dominant language
and L2 to refer to the weakest or least dominant language.
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2.3.2. L1 Flexibility: Evidence of Its Role in Bilingualism

As demonstrated by research in bilingualism, changes to the L1 seem to be a natural
consequence of managing two languages in one mind. In that vein, a recent hypothesis has
suggested that changes to the L1 may constitute a key step of proficient bilingualism, and, thus,
has posited that learners who may be more flexible and better able to tolerate changes to the L1
may be those who become more successful L2 learners (Bice & Kroll, 2015; Kroll et al., 2012).

An emerging strand of research has started to investigate whether being more flexible in
your L1 and, thus, more tolerant to the underlying changes that the L1 may undergo as one
becomes bilingual, can also be evidenced during adult L2 learning. Recent behavioral studies
have found evidence of L1 changes to the lexicon and phonology during adult L2 learning (e.g.,
Van Assche, Duyck, Hartsuiker, & Diependaele, 2009; van Hell & Dijkstra, 2002).

Empirical evidence suggesting changes to the L1 in bilinguals due to L2 influence have
been found for all levels of representation, suggesting that differences in language dominance,
use, and exposure may lead to changes in the linguistic system of bilinguals. For example, at the
lexical level, effects of the L2 during L1 word use have been found when looking at bilinguals'
performance on lexical decision and sentence processing tasks in their L1 that contained
cognates. Results from those studies showed that L2 word knowledge affected L1 word
performance, where cognates were processed significantly slower than non-cognates. For
example, van Hell and Dijkstra (2002) showed that highly proficient Dutch-English-French
trillinguals’ performance on a L1 (Dutch) lexical decision task that contained cognates as well as
non-cognates was influenced by the knowledge of the L2, evidenced by the finding that reaction
time (RT) in the lexical decision task was significantly slower for cognates than non-cognates.

Similarly, in a later study van Assche et al. (2009) asked Dutch-English bilinguals to read
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sentences in Dutch, some of them containing cognates, while their eye movements were being
recorded. Results indicated faster reading times for cognates than non-cognates, suggesting that
L2 knowledge affected L1 reading.

Indication of L2-to-L1 influence has also been found at the phonological level for
bilinguals (e.g., De Leeuw, Schmid, & Mennen, 2010; Chang, 2013; Mora & Nadeu, 2012,
Cabrelli, Luque, & Finestrat-Martinez, 2019). For example, in a study with German-English
bilinguals, De Leeuw et al. (2010) found evidence of systematic phonetic changes, known as
phonetic drift, as L1 speech was being perceived as L.2-accented speech due to the influence of
L2 phonological knowledge during L1 production. Relatedly, Chang (2013) in a study with L1
English/L2 Korean bilinguals found evidence of L1 sounds drifting towards similar L2 sounds
after just six weeks in the L2 environment. Additionally, Mora and Nadeu (2012) found that
early Catalan-Spanish bilinguals that had extensive L2 experience were less accurate and
significantly slower when asked to discriminate L1 sound categories. Additionally, highly
experienced bilinguals exhibited a more L2-like acoustic target production for specific L1
sounds, such as the Catalan /¢/, particularly in cognate words. Finally, Cabrelli, Luque, and
Finestrat-Martinez (2019), in a study with late Brazilian Portuguese-English bilinguals found
evidence of L2 phonotactic influence in L1 perception as a function of L2 learning experience.
Specifically, participants in their study showed differences in the way they perceived the L1’s
phonotactic structure, specifically in regard to the perception of illusory vowels in Brazilian
Portuguese, when compared to monolingual speakers. These results are consistent with the view
that extensive experience with an L2 has consequences for the L1, also at the phonological level.

Finally, at the grammatical level, studies have revealed effects of L2 grammatical

knowledge during L1 grammatical use, where bilinguals seemed to prefer syntactic properties
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shared by both languages to syntactic properties that were L1 specific when performing tasks
that asked them to switch between their languages (Kootstra, van Hell, & Dijkstra, 2010;
Hatzidaki et al., 2011; Purmohammad, 2015). For example, Koostra et al. (2010) showed that
Dutch-English late bilinguals preferred using a word order shared by both languages rather than
a word order specific to the language at the start of the sentence when asked to switch between
their L1 and L2 while describing pictures. Similarly, Hatzidaki et al. (2011) found that highly
proficient English-Greek bilinguals' production of subject-verb agreement in one language was
influenced by the syntactic properties of the subject of the other language when they had to
switch languages between the subject and the verb. Finally, in a language-switching picture-
naming task, Purmohammad (2015) provided evidence that highly proficient Persian-English
bilinguals’ production of noun phrase word order in one language was influenced by the syntax
of the noun phrase word order of the other language when participants were required to switch
between their languages.

Additional supporting evidence of L1 flexibility comes from studies investigating
bilingual language processing using more fine-grained methods, such as eye-tracking or ERPs,
where changes to L1 processing have been identified and interpreted as indicators of L2 to L1
influence (e.g., Dussias & Sagarra, 2007; Vaughan-Evans, Kuiper, Thierry, & Jones, 2014;
Sanoudaki & Thierry, 2014; Sanoudaki & Thierry, 2015) . For example, Dussias and Sagarra
(2007) in a study using eye-tracking, found evidence of L2-to-L1 influence as Spanish-English
bilinguals were asked to read complex sentences in their L1 and resolve syntactic ambiguities.
Results from their studies revealed that bilinguals who had been immersed in the L2 environment
for a long time, adopted a parsing strategy in their L1 that was L2-like. Results from their study

suggest that the L1 changes, becoming more flexible, in response to increased L2 use. In another
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study, Vaughan-Evans and colleagues (2014) provided some initial neurocognitive evidence of
L2 to L1 influence and change during grammatical processing in a study using event-related
potentials (ERPs) with highly proficient Welsh-English bilinguals. In their study, they found that
Welsh-English bilinguals unconsciously applied Welsh-specific morphosyntactic rules while
reading in English. Similarly, in another study, Sanoudaki and Thierry (2014, 2015) provided
additional neurocognitive evidence of L2 to L1 influence/change during grammatical processing
in an ERP study with Welsh-English bilinguals that revealed that the way bilinguals processed
one of their languages was being influenced by the knowledge of the co-activated grammar of
their other language.

These changes have been hypothesized to occur as a function of accommodating the L2
into their existing language system. Also, it has been posited that constant cross-language
interactions, along with the need for bilinguals to regulate the L1 via inhibitory control processes
to enable proficient performance in the L2, may help to partially explain the source of the
changes that occur to the L1 as a consequence of increased L2 use (Kroll & Bialystok, 2013).
Because the linguistic system of bilinguals has been posited to be dynamic and interactive, it is
reasonable to expect that changes to their seemingly stable L1 can be found as evidence of the
intrinsic plasticity of the bilinguals' language system, as well as an expected consequence of the
interactive nature of the languages at play as part of the bilingual experience.

The aforementioned findings have very important implications for the way in which we
conceive language processing and organization for bilinguals and L2 learners, particularly when
taking into account the available evidence that suggests that the active use of two languages in a
single mind may hold specific implications for the languages of bilinguals, for example causing

them to converge (e.g., Ameel, Storms, Malt, & Sloman, 2005; Green, Crinion, & Price, 20006),
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resulting in changes to both languages that make the bilinguals' two languages more similar to
each other and less like the languages of monolingual speakers. Evidence of bilingual language
convergence and L1 change reinforces the idea posited by Grosjean (1989) that a bilingual is not
two monolinguals in one, and thus, suggests that monolingual-like processing and performance
should not constitute the ultimate goal for L2 learning. Instead, bilingual-like processing and
performance should be considered as the model to understand the underlying mechanisms that
allow L2 learners to become more bilingual-like, including but not limited to changes to their
seemingly stable L1 that may or may not be revealed behaviorally.

2.3.3 L1 Flexibility: Its Role in Successful Adult L2 Learning

As shown by research in bilingualism, changes to the L1 seem to be a natural
consequence of managing two languages in one mind. In that vein, a recent hypothesis has
suggested that changes to the L1 may constitute a key step of proficient bilingualism and thus,
has posited that learners who may be more flexible and thus, better able to tolerate changes to the
L1, may be those who become more successful L2 learners (Bice & Kroll, 2015; Kroll et al.,
2012).

An emerging line of research has started to investigate whether evidence of L1 flexibility
can be also evidence during adult L2 learning (e.g., Baus et al., 2013; Chang, 2012; Kartushina et
al., 2016). Recent studies have found behavioral evidence of L1 change at the lexical and
phonological levels during adult L2 learning. At the lexical level, Baus et al. (2013) found that
naming latencies for low-frequency L1 words were considerably slower just after 4 months of L2
immersion. Similarly, these researchers found slower naming latencies at the end than at the
beginning of the immersion period but only for both low frequency items and non-cognate

words. These results have been attributed to the less frequent use of the L1, and thus the more
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attenuated activity of the L1 due to the constant need of exerting inhibition of the L1, during L2
immersion (see also Linck, Kroll, & Sunderman, 2009). At the phonological level, Chang (2012)
found L1 speech sound production changes in the form of drifts toward the phonetic properties
of the L2 after six weeks of L2 classes in the L2 environment. Similarly, Kartushina et al (2016)
showed L1 production changes after only 1 hour of articulatory training with nonnative sounds.
Results from these studies indicate that even brief experience with the L2 may lead the L1 to
become at least more flexible both at the lexical and phonological level.

These results converge well with evidence from a recent neurocognitive study using
ERPs that investigated changes to the processing of L1 words during adult L2 learning. In their
study, Bice and Kroll (2015) showed that L1 word processing was affected by L2 word
knowledge from the very early stages of learning, as differences were found when processing
cognate words versus non-cognates, and that the effect seemed to increase at higher levels of
proficiency. Interestingly, Bice and Kroll (2015) found individual variability in the degree of the
L1 change during word processing. Specifically, when looking at the degree of L1 change among
their participants, Bice and Kroll (2015) found that learners who showed more change during L1
processing, in other words, those who had a more flexible L1, exhibited greater proficiency in
their L2. Additionally, a positive relationship was found between the magnitude of the effect and
the inhibitory control abilities of the L2 learners, suggesting a relationship between one's ability
to critically regulate the influence of the L1 during L2 learning using inhibitory control
processes, L1 changes and L2 proficiency.

Similarly, other studies have found that both effects of the L2 on L1 production as well as
the degree of L1 change can vary greatly across speakers (e.g., De Leeuw, Mennen, & Scobbie,

2012; Major, 1992). Such variability seems to be related in part to the inhibitory control abilities
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of the L2 learners as well as the robustness of L1 category representations. For example, Lev-Ari
and Peperkamp (2013) found a relationship between the amount of L1 drift and inhibitory
control abilities among L2 learners, with individuals with lower inhibitory control showing
greater L1 drift than individuals with higher inhibitory control, suggesting that inhibitory control
abilities may help modulate changes to the L1. Also, Kartushina et al. (2016) found a
relationship between individual differences in the production of L1 speech sounds and the
amount of drift that these sounds underwent after brief training with non-native sounds. Results
revealed that L2 to L1 influence was greater for individuals who were more variable in their L1
production before training. These results suggest that speakers with more robust, and thus, less
flexible, L1 category representations may be less susceptible to L2-to-L1 influences and may
experience greater difficulty during L2 learning.

These studies have provided some preliminary evidence of L1 flexibility at both the
lexical and phonological level. However, no study, to our knowledge, has investigated whether
evidence of L1 flexibility can also be found during L1 grammatical processing, and whether
adult L2 learners who seem to be better able to tolerate those changes, i.e., those with a more
flexible L1 system, may be those who show higher proficiency in an L2 (Bice & Kroll, 2015). In
addition, further investigation into the role that inhibitory control abilities may have in adult L2
learning, as well as its relationship with L1 flexibility, may allow us to better understand the
implications that being better able to tolerate changes to one’s L1 grammar may have for adult

L2 learning.

2.4 Motivation and Research Questions for Study
These abovementioned open questions lead to the study’s aim to investigate whether

being able to control the influence of the L1 during L2 learning as well as well as to tolerate
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changes to one’s L1, specifically during grammatical processing, may be among the factors
related to successful adult L2 learning. Therefore, the current study addresses claims that suggest
that inhibitory control abilities and L1 (grammatical) flexibility may be related to increased
proficiency for adult L2 learners. First, this study addresses this issue by directly measuring
inhibitory control with multiple behavioral cognitive measures and by measuring L1
grammatical flexibility using an event-related potential (ERP) paradigm. Second, this study aims
to probe further into the posited role of these constructs by investigating the distinctive roles that
inhibitory control and L1 flexibility may play among a range of intermediate adult L2 learners.
Finally, the study aims to investigate to what extent inhibitory control abilities and L1 flexibility
predict adult L2 learning success.

The present study will be the first, to our knowledge, to specifically advance the field's
understanding of the role of inhibitory control and L1 grammatical flexibility in adult L2
learning. More generally, the present study is expected to, at least partially, account for variation
among L2 learners at the intermediate, and to provide new insight into the underlying cognitive
and brain mechanisms that may contribute to successful adult L2 learning. Overall, the current
dissertation study aims to experimentally address theoretical questions about adult L2 learning as
informed by methodological approaches and theoretical perspectives from cognitive psychology,

bilingualism, and L2 research.

2.4.1. Research Questions

Given the study’s goal of investigating whether individual differences in inhibitory
control abilities and L1 flexibility may contribute to L2 development among adult intermediate

learners of Spanish, the following specific research questions are addressed:
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Research Question 1 (RQ1): Do we find evidence of a relationship between inhibitory
control and linguistic ability in an L2?

Research Question 2 (RQ2): Do we find evidence of L1 change/flexibility during
grammatical processing for adult L2 learners?

Research Question 3 (RQ3): Do we find evidence of a relationship between the degree
of L1 flexibility and linguistic ability in an L2?

Research Question 4 (RQ4): Do inhibitory control abilities and degree of L1 flexibility

predict L2 learning outcomes?

33



INHIBITORY CONTROL AND L1 FLEXIBILITY AS IDS IN L2

Chapter 3. Research Methods and Design

3.1 Introduction

This chapter provides a detailed description of the research methods and design of
the study. Section 3.2 provides an overall description of the research design. Section 3.3
describes the participants. Section 3.4 describes the target structure of interest to
investigate flexibility during L1 grammatical processing. Section 3.5 provides detailed
information about the materials and procedures related to control variables (i.e., language
experience and use, intelligence, working memory, and language switching), predictor
variables (behavioral measures of inhibitory control and electrophysiological measures of
L1 flexibility), and dependent variables (L2 proficiency). Section 3.6 provides an
explanation of the statistical analyses that were performed to address the research

questions.

3.2 Overall Research Design

The present study investigates the role that inhibitory control abilities and L1
grammatical flexibility play during adult L2 learning using both behavioral and
neurocognitive methods. The experimental design consists of one group of adult L2
intermediate learners of Spanish. Additionally, an English monolingual and a Spanish-
English early bilingual group serve as control groups to investigate whether higher L2
proficiency and greater L2 experience within the group of intermediate Spanish learners
result in more bilingual-like and less monolingual-like processing of the grammar of their
L1. We examined these questions by (a) assessing L2 proficiency with multiple measures
in adult learners of Spanish with varying levels of L2 experience, (b) measuring learners’

domain-general inhibitory control ability, (c) measuring to what extent their L2
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knowledge affects their L1 grammatical processing using an electrophysiological
paradigm, and finally, (d) examining to what extent inhibitory control abilities and L1
grammar flexibility predict adult L2 learning success.

The study was divided in two experimental sessions lasting approximately three
hours each that on average occurred three days from each other. Task order was
randomized across participants for both sessions. The experimental design of the study is

summarized graphically in the figure below (see Figure 1).

Session 1 Session 2
Language Background ERPs (L1 Change)
& Cognitive IDs & L2 Proficiency

ERP Task

(Sanoudaki & Thierry, 2014;
2015)

Inhibitory Control

AX-CPT

Verbal Fluency

Elicited Imitation Task

DELE

RENIN

Bilingual Switching Questionnaire

Figure 1. Overview of study design
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3.3 Participants

Twenty-one adult L2 intermediate learners of Spanish (N= 14 females)
participated in this study. All participants were speakers of American English, between
the ages of 18 and 35, right-handed as assessed by the abridged version of the Edinburgh
Handedness Inventory (Oldfield, 1971) with normal or corrected-to-normal vision and/or
hearing, and with no reported history of drug or alcohol dependence or psychiatric,
neurological, or learning disorders. The experimental participants were adult L2 learners
who have first been exposed to Spanish after the age of 14 and in classroom
environments. The reason behind choosing 14 years of age or older as the threshold age
of first L2 exposure to is related to 14 years of age being the common age for students to
start high school in the United States.

We chose to investigate the study’s research questions among intermediate
learners because previous research has suggested that they may be expected to show an
effect as a group, as Bice & Kroll (2015) showed evidence of L1 flexibility during lexical
processing for adult L2 learning at the intermediate level, at the same time, I expected to
find a significant amount of variability within the group as I recruited learners that
represent a broad spectrum of intermediate learners. The minimum requirement for
intermediate learners was that they had completed the basic Spanish language program
and were enrolled in 200 or 300 level courses at the time of testing. Also, no study abroad
experience was required to participate in the study, although participants completed a
language history background questionnaire to gather exhaustive data about their overall

L2 experience. (see Table I).
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Table |

L2 Group: Participant characteristics

L2 Learners
M (SD)

Age (years) 20.76 (2.09)
Years of Education 15.76 (2.08)
Age first exposed to L1 0
L1 Self-Rated” Reading Proficiency 10 (0)
L1 Self- Rated® Writing Proficiency 9.55 (.56)
L1 Self- Rated” Speaking Proficiency 10 (0)
Age first exposed to L2 14 (.78)
L2 Self- Rated” Reading Proficiency 7 (1.03)
L2 Self- Rated® Writing Proficiency 6.34 (1.21)
L2 Self- Rated” Speaking Proficiency 6.50 (.95)
WM-Composite Score” -0.01 (0.52)
WM-OSpan® 17.81 (6.74)
WM-RSpan’ 16.71 (8.08)
WM-SymSpan® 8.21 (5.27)
1Qf 9.57 (3.7)
Language Switching (Daily)® 2.48 (.88)
% of Daily L2 Use 30% (2.78)
Note.

@ Reported on a scale from 1 = no proficiency to 10 = native-like proficiency

b (Average of z-scores from each of the three tasks, which are standardized scores that rely on group

mean and SD).
c,d&e.

f. Shortened Raven’s Task = Maximum score 18

¢BSWQ = Reported on a scale from 1 = never to 5 =always

Maximum score on OSpan & RSpan = 75; SymSpan = 42 (following absolute scoring protocol)
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In order to examine the relationship between L1 flexibility and adult L2 learning
from a multilingual continuum perspective, i.e., whether having higher L2 proficiency
makes adult L2 learners' processing of grammar in their L1 look more bilingual-like and,
thus, less monolingual-like, two additional control groups of 15 participants each were
included: (a) an English monolingual group, and (b) a Spanish-English early bilingual
group Bilingual participants had been exposed to both Spanish and English before the age
of eight, which was the age by which bilinguals in S&T (2014; 2015) had been exposed
to their two languages. Bilingual participants in the current study reported that they were
fluent in both Spanish and English (see Table II), as did bilinguals in S&T for Welsh and
English. Monolingual participants only reported being fluent in English and reported
minimal study of second languages, including Spanish.

All participants provided written informed consent to participate in the study and
received either monetary compensation (all the participants from the L2 and bilingual

groups) or course credit (all the participants in the monolingual group) for their time.
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Table 11

Control groups: Participant characteristics

Bilinguals Monolinguals

M (SD) M (SD)
Age (years) 20 (1.35) 19.5 (0.86)
Age first exposed to L1 0(0) 0(0)
L1 Self- Rated® Reading 9.3 (.98) 10 (0)
L1 Self- Rated® Writing 8.9 (.63) 10 (0)
L1 Self- Rated® Speaking 9.5 (.73) 10 (0)
Age first exposed to L2 3.6 (243) 12.78 (2.91)
L2 Self- Rated® Reading 9.3 (.58) 3.14(3.4)
L2 Self- Rated® Writing 9.2 (1.01) 3.3(.93)
L2 Self- Rated? Speaking 9.8 (.81) 3.2(2.51)

Note. *Reported on a scale from 1 = no proficiency to 10 = native-like

proficiency.

3.4 Target Structure

The target structure we used to investigate L.1 grammar flexibility is adjective-
noun word order. The rationale behind using this grammatical structure in the study was
based on the cross-linguistic variation in the adjective-noun word order between English,
i.e., the L1 of our proposed experimental participants, and Spanish, i.e., the L2 of our
proposed experimental participants. The canonical word order in the determiner phrase

(DP) for English is adjective-first (i.e., The blueugjecrive hOUSEnoun Was on the left), whereas
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in Spanish it is noun-first? (i.e., La casanoun azulagieciive estaba a la izquierda). Hence, this
cross-linguistic syntactic variation between English and Spanish allowed us to investigate
whether the increasing experience with noun-first DP order in L2 Spanish has an effect

on processing L1 English adjective-first DP order.

3.5 Materials and Procedure

3.5.1 Control Variables
Individual difference measures of language history (LEAP-Q, Marian,

Blumenfeld, & Kaushanskaya, 2007) and cognitive abilities, specifically those that may
be related to inhibitory control and language change, such as IQ (APM; Winfred &
David, 1994), working memory (OSpan, RSpan, SymSpan, Oswald, McAbee, Redick, &
Hambrick, 2015), and language switching tendencies (BSW, Rodriguez-Fornells,
Kramer, Lorenzo-Seva, Festman, & Miinte, 2012), were collected in the study in order to
control for any intervening effects these variables may have on the relationship between
the predictor variables and the dependent variables. These measures are described below.
3.5.1.1 Language Experience
Language Experience and Proficiency Questionnaire (LEAP-Q). The LEAP-Q (Marian
et al., 2007) was used in the study to assess the language experience of our participants.
The LEAP-Q is a validated and widely used tool designed to provide a comprehensive
account of an individual’s language history for descriptive purposes. The domains

assessed by the LEAP-Q include acquisition history, contexts of acquisition, present

2 Some exceptions to the rule may be found in literary prose, where categorical adjectives may be
placed before nouns. In such cases, pre-nominal adjectives conserve their original attributive
meaning, (i.e., green/verde) but they been moved to a pre-nominal focalized position (Taboada,
2010) to fulfill a specific interpretive effect.
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language use, language preference, accent ratings as well as proficiency ratings, across
the four domains of language use: speaking, understanding, reading, and writing. The
questionnaire has a total of 16 items including nine general questions and seven
language-specific questions. The questionnaire took approximately 15 minutes to
complete for speakers of two languages. (See Appendix A; Language Experience and
Proficiency Questionnaire.)

3.5.1.2 Intelligence
Shortened Raven Advanced Standard Progressive Matrices Test. In order to control for
any effects of general intelligence (IQ) on various measures, [Q was measured with the
Shortened Raven’s Advanced Progressive Matrices Test (APM; Winfred & David, 1994).
The Raven is a measure of abstract reasoning. The version of the Raven’s that we used in
this study was computer administered and consists of 36 individual items presented in
three segments of 12 items each. Within each segment, the items were presented in
ascending order of difficulty (i.e., the easiest item was presented first, and the hardest
item was presented last). Each item consisted of a matrix of geometric patterns with the
bottom-right pattern missing. Participants were asked to select, among either six or eight
alternatives, the one that correctly completes the overall series of patterns that have been
presented. Each matrix item was presented separately on the screen along with the
response alternatives. Participants were asked to use the mouse to select the response
from the ones presented that they thought would complete the pattern. Participants were
allotted 5 minutes to complete each segment. Participants received two practice problems
before starting with the experimental trials. Overall, the task took approximately 15
minutes to complete. IQ was computed as each participant’s total number of correctly

solved problems. (See Figure 2)
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D [ED PR

Figure 2. Example Trial of Raven's Task. Adapted from “Development of a Short form
for the Raven Advanced Progressive Matrices Test”, by A. Winfred and D. David, 1994,

Journal of Educational and Psychological Measurement, 52(2), p. 397. Copyright ©
1994 by SAGE Publications.
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3.5.1.3 Working Memory

Working memory (WM) is one of the cognitive variables that has been posited to
play a role during adult L.2 learning (see Linck, Osthus, Koeth, & Bunting, 2014, for
review). Also, working memory and inhibitory control are hypothesized to co-occur and
support one another and rarely is one needed but not the other (Diamond, 2013). Thus, in
order to independently examine the role of inhibitory control, we controlled for WM
using scores from three shortened versions of established WM capacity tasks (following
Oswald et al., 2015) namely the operation span task (OSpan), the reading span task
(RSpan), and the symmetry span task (SymSpan). Each one of these tasks was designed
to tap into both the processing and storage components of WM (Baddeley, 2012) by
specifically asking participants to (a) make judgments about a given series of items and
(b) to recall a specific list of given series of elements (See Figure 3 for an overview of the
WM tasks).

O-Span Task. In this task, participants were presented with simple math
problems and were asked to verify whether the solution provided is correct or incorrect
(e.g., “Is (1+5)/2 = 3?”). Approximately half of the equations presented were correct.
After each m