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Abstract 

 

 I 

Abstract 

 

This PhD thesis sits at the crossroads of two subfields of bilingualism/multilingualism stud-

ies: multilingual language acquisition/processing and neurocognition of bi-/multilingualism. 

The focus is on Italian heritage speakers in Germany and people who grew up monolingually 

with German as their only language. Various language and cognitive tasks were administered 

to these participants. These include experiments examining the very beginning stages of mor-

phosyntax in third language acquisition (L3) and beyond (Ln) (probing especially for trans-

fer/crosslinguistic influence) as well as inhibitory control, combining behavioral and neuro-

physiological evidence. One epistemological aim of this thesis is to shed light onto the many 

processes that govern language acquisition/processing and brain (cognitive) correlates in mul-

tilingual participants and where these intersect and potentially diverge and to understand if 

and how these different domains of inquiry can complement each other. To this end, data 

from similar pools of individuals were examined for both linguistic processing and potential 

effects that dual (or more) language experiences have on domain-general cognitive function-

ing.  

The thesis responds to recent calls for studies that seek to find out how one systemati-

cally assesses patterns of transfer in multilingual grammar, especially by means of online 

brain-related methodologies (e.g., González Alonso et al., 2020; Rothman et al., 2019). It is 

also innovative in that it takes advantage of novel ways (for the field of bilingualism and the 

brain) to look at neural-related function and processes in the mind/brain (mind representing 

the more cognitive aspects and brain the more neural ones) of multilingual speakers. In addi-

tion, the thesis brings insights to bear from an understudied population in the neurolinguistic 

literature: heritage speakers (HSs). This population is of particular interest from theoretical 

perspectives since HSs have two early-acquired language systems to draw from and, there-

fore, have much more experience with the juggling of multiple languages in the mind/brain in 

comparison to typically studied second language (L2) learners. Furthermore, they also make 

up a growing proportion of multilingual language learners worldwide. Thus, the further un-

derstanding of both their language acquisition/processing patterns and the ways bi-

/multilingualism affect their brains, is likely to be highly informative for pedagogical per-

spectives and beyond. 
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The thesis consists of three empirical investigations. Study I examines the involve-

ment of previous representations at the very initial stages of third language (L3) acquisition. 

Theories in the L3/Ln field differ in terms of degree (holistic or property-by-property transfer 

of the L1, L2, or both) and/or timing (initial stages versus development; see Rothman et al., 

2019) of how such influence unfolds. This study fills several gaps in the literature at the same 

time by using neurolinguistic techniques (Electroencephalography /Event-Related Potentials - 

EEG/ERPs) at the interface of heritage bilingualism and L3/Ln acquisition. I argue that ex-

tending the L3/Ln literature by examining the neuronal correlates (e.g., ERPs: N400 and 

P600) in a controlled L3/Ln acquisition context with adult early bilinguals (versus late, L2 

bilinguals) can reveal key insights for both L3/Ln acquisition and heritage language bilin-

gualism. Fifteen Italian-German HSs were compared to 28 native-dominant German peers on 

a controlled learning paradigm with a Latin mini grammar. Participants were trained in a sub-

set Latin lexicon (over two sessions with consolidation time in-between) and, subsequently, 

on the specific grammatical domains of inquiry (Case, which works similarly in German and 

Latin and adjective position, which is mostly postnominal both in Italian and Latin). Upon 

demonstrating dominance of the grammatical rules of the Latin mini language, participants 

were tested via EEG/ERPs to see the level at which their behavioral performance coincides 

with indices of processing, both of whom are suggestive of the quality of underlying morpho-

syntactic representations (i.e., (N400)-P600 effects for violations). This behavior is juxta-

posed, property-by-property, against which previous grammar could have provided influence 

(or not). The ERP results were expected to indicate which of, or if indeed either or both, the 

previous grammars affected early L3 processing. Behavioral results suggest that the German 

L2 learners were more accurate in both grammatical domains (Case and adjective/noun word 

order) but at the same time significantly slower than the HSs. Neurophysiological (ERP) find-

ings, interestingly, highlight a P600 effect for the German L2 group only in adjectival posi-

tion and an N200/N400 significant effect for the HSs in Case morphology. The case of the 

German L2 German group’s P600, where transfer is precluded, speaks rather for (rapid) 

learning (or accommodation to the word order matching) to such a degree that the difference 

between the two conditions (baseline versus adjective position violation) induced a repair 

strategy of some sort. In the case of the HSs, the early negativity could indicate greater sensi-

tivity to structure pattern matching over the native group, although both are equally proficient 

in the source language (German) that provides underlying features for overt Case (albeit dif-

ferently expressed compared to Latin). Alternatively, it can also reflect language learning 
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patterns. Incidentally, none of the L3/Ln models would have predicted such a constellation of 

results. This suggests that heritage bilingualism, proxying here for time spent with previous 

dual language experience (longer for HSs due to their earlier age of onset of bilingualism in 

comparison to the second language learners - L2ers), might increase (implicit) language 

awareness/attention and/or attendance pattern matching. This latter finding, thus, could be a 

neurological measurement of a subcomponent of the so-called advantage of subsequent lan-

guage learning for early vs late bilinguals (Cenoz, 2003).  

Study II is concerned with the neurocognitive effects of juggling multiple languages 

in the mind/brain by means of a resting state EEG (rs-EEG) analysis. Rs-EEG power activity 

(amount of power within different frequency bands - delta, theta, alpha, low/high beta 

and gamma - of the EEG spectrogram) is related to various cognitive functions and 

can estimate neurological connectivity (mean coherence) between brain regions. As 

such, it has emerged in the past few years as a complementary neuroimaging methodological 

option to investigate the effects of language experience (e.g., bilingualism, language learning) 

on the brain (Bice et al., 2020; Prat et al., 2016). In this study, rs-EEG was used to understand 

how bilingualism may reshape the mind/brain in a diverse pool of bilinguals, where differ-

ences in engagement with dual language use are hypothesized to drive individual effects. Five 

minutes eyes-closed task-free EEG data from 103 participants (25 early bilinguals - Italian 

being the heritage language and German the majority language - and 78 late bilinguals of 

English in Germany and Norway) were recorded. All participants completed the Language 

and Social Background Questionnaire (LSBQ; Anderson et al., 2018b), which quantifies lan-

guage exposure and crucially the division of usage in diverse contexts of activities and set-

tings in the participants’ two languages over the lifespan. Positive correlations were hypothe-

sized to be found between linguistic variables (degree of active bilingualism) and frequency 

bands (especially alpha and beta power), particularly reflected in posterior brain regions. Fur-

thermore, observed levels of mean coherence were expected to vary by the amount of bilin-

gual language experience. In terms of power frequency, there was a main effect of Age of 

L2/2L1 onset on high beta and gamma powers (i.e., earlier acquisition resulted in higher beta 

and gamma frequencies). Higher exposure/usage scores from the LSBQ of the non-societal 

language at home, age of onset of bilingualism and L2/2L1 proficiency modulated mean co-

herence effects (functional brain connectivity) in theta, alpha and gamma frequencies. Results 

are in line with claims that bilingualism effects are not monolithic, but are rather modulated 

by the degree of quantity and quality of bilinguals’ language experience. 
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Study III investigates the effects of bilingualism on the neural underpinnings of ex-

ecutive function (EF). Research using time-frequency representations (TFRs) has shown that 

EF tasks (e.g., Flanker task) modulate power within theta- and alpha frequency bands. These 

power modulations have been linked to a greater engagement of the executive control system 

(Cavanagh & Frank, 2014; Suzuki et al., 2018). Herein, EEG with a Flanker task is used to 

investigate how individual differences in language experience may modulate neurocognitive 

outcomes (specifically oscillatory dynamics). EEG and behavioral data were collected from 

60 bilinguals (28 early bilinguals - HSs; 32 late-acquired L2 learners). Participants also com-

pleted the Language and Social Background Questionnaire (LSBQ; Anderson et al., 2018b). 

TFRs were computed for both the incongruent- and congruent trials (of the Flanker task), and 

the difference between the two (called Flanker effect or cognitive interference) was then 1) 

compared between early- and later acquired bilinguals, 2) modeled as a function of individual 

differences in language experience using continuous measures of bilingualism derived from 

the LSBQ and 3) used as predictors for behavioral performance. At the group level, a greater 

brain engagement was predicted in early compared to late bilinguals, specifically increased 

theta activation followed by alpha suppression for the Flanker effect. Furthermore, degree of 

active bilingualism was hypothesized to predict changes in alpha and beta bands in both early 

and late bilinguals. Finally, correlations between reaction times (RTs) and power modulation 

were predicted within alpha- and theta bands. No significant differences were observed be-

tween groups for either behavioral or neural responses. However, individual differences anal-

yses revealed significant correlations between age, age of acquisition, and usage of the non-

societal language at home with alpha and beta band activity for late bilinguals, whereas only 

age effects were found in early bilinguals. Furthermore, when correlating alpha power with 

RTs, early bilinguals showed a negative correlation while later bilinguals showed a positive 

correlation. In sum, the results indicate adaptations towards differential brain recruitment to 

deal with the cognitive demands associated with variation in language experience.  

 Taken together, the results from these three studies provide important insights on 

general patterns related to bilingualism and multilingualism. No clear picture emerges from 

Study I concerning the theoretical models in the field of L3/Ln acquisition. However, some 

effects observed (especially in Case morphology) for the HSs might indicate differential de-

grees of linguistic attention/awareness to the task due to their longer (with respect to the 

German L2 group) and/or qualitatively distinct engagement with dual language experience. 

Similarly, the findings of Studies II and III seem to support the contemporary view in the 
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field of bilingualism that bilingual experience-based factors drive and shape neural adapta-

tions. In particular, age of onset of bilingualism and, to a minor extent, length of bilingual 

engagement (measured as Age), seem to particularly impact power (at rest and task-based) 

and connectivity (at rest) oscillatory measures in the current participants’ samples. These 

findings highlight not only the importance of continuous dual (or more) language engagement 

for neural states, but also that timing in life when bilingualism is commenced conveys its own 

modulatory effects. 
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1 

1. Thesis Introduction 

1.1. General Introduction 

What does it mean to be bilingual or multilingual? At first glance, this could seem like a 

loaded question. Why? Perhaps it is a question for which the answer seems so obvious, which 

is not really worth asking, much less critically pondering. That is, it might be reasonable to 

assume there is a single answer, more or less uniform and universally, if not intuitively 

known. But is that really the case? Of course, there are certain constants that any answer to 

this query must entail. For example, knowledge of more than one language for the purpose of 

understanding and communicating is an essential element. There should be no disagreement 

there. However, it is not the case that all bilingualism or, indeed, individuals that comprise 

traditionally labeled bilingual types (i.e., individuals within a given group) are the same—or 

even overly similar—at what turns out to be many crucial levels. For example, contexts of 

language acquisition and for using their languages, ages at the time of acquisition, opportuni-

ties for linguistic exposure (input) and engaging with their languages (delimiting what input 

becomes intake for grammar building and/or the quantity and quality of language switching 

demands relevant for cognition) among many other variables can differ significantly.  

Indeed, the words “bilingual” and “multilingual” underlie huge variation, placing in-

dividuals along rather impressively large spectra. It used to be the case that the bilingual label 

was reserved for those who grow up with a perfect balance in two languages, such as those 

who have one parent speaking one language and the other speaking another at home or where 

both languages exist in the entire society itself. In other words, a bilingual was an individual 

balanced in both languages with ample opportunity for developing and maintaining them. We 

now know that this is way too simplistic: balance, whatever that would mean anyway, is not a 

useful qualifier criterion (see 1.6.3 for a deeper review on the topic). Bilingualism comes in 

all shapes and sizes. Moreover, linguistic, social and neurocognitive effects condition out-

comes of bilingualism in correlation to individual contexts and opportunities.  

The original question posed above is, thus, not a loaded one per se, but the crucial 

terms—bilingual and multilingual—within it perhaps are. And so, if we know that not all 

bilinguals are the same, then surely the transition to and consequences of multilingualism 

(adding yet another language to a bilingual’s repertoire) will not be the same or uniform 
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across bilingual types or indeed for all individuals comprising aggregates. Yet, becoming 

multilingual is omnipresent.   

This dissertation project, sitting at the crossroads of multilingual language acquisition 

and cognitive neuroscience, endeavors to understand what linguistic and (neuro)cognitive 

mechanisms underlie the acquisition and the cognitive effort of juggling multiple languages 

in the mind/brain, taking most seriously the above-presented reality. Thus, the primary, over-

arching aim of this dissertation to which the empirical work herein combines is not only to 

enlighten processes of multiple language acquisition and neurocognition on their own, but to 

understand if, how and under which (linguistical) conditions one influences the other and 

vice versa. Setting the stage then for all the work to be presented, this first chapter seeks to 

contextualize the literature of several converging subfields of bi-multilingualism and cogni-

tive neuroscience germane to the argumentation and aims of the larger project(s), as well as 

to elucidate the array of empirical methods used.    

1.2. Setting the Stage of Bi-/Multilingualism 

Many of the newborns in the 21st century are or will be bi-/multilingual (DeHouwer, 2021, p. 

4). Available data place the number of people knowing and using at least two languages 

worldwide at around 60% (e.g., Ansaldo et al., 2008; DeHouwer, 2021; EuroStat, 2016; 

Romaine, 1995). This number soars when looking at certain countries or territories and espe-

cially when numbers include knowledge of non-native languages. While the EU-28 average 

is 66% of working-aged adults—or 2 in every 3 individuals—speak and use a foreign lan-

guage, countries like Luxemburg and Denmark report above 95% bi-/multilingualism rates 

(EuroStat, 2016). Outside of Europe, this is even more common. For example, certain regions 

in Africa and Asia boast levels of bi-/multilingualism surpassing 90% (David et al., 2017; 

Prah & Brock-Utne, 2009). And yet, relatively little is known about how children and/or 

adults acquire a third or further language (Cabrelli Amaro et al., 2012; Puig-Mayenco et al., 

2020; Rothman et al., 2019; Westergaard, 2021a), and, potentially even more controversially, 

about the neurocognitive effects of juggling more than one language in a single mind/brain 

(see Leivada et al., 2021 for a review).  

The study of sequential third language acquisition (L3) has focused on adult learners, 

i.e., people who learn in adulthood a third language after having previously learned/acquired 

a second language (L2), that is, a foreign language. Of course, acquiring an L3 also takes 
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place when a simultaneous bilingual or an L2 learner from very early childhood in L2 immer-

sion starts learning an additional language later in life. Recently, calls in the literature have 

been made to address these latter groups. Are the existent models, which were built with the 

former type in mind, applicable in the same way? (see Rothman, 2015; Rothman et al., 2019). 

As it will become clearer below, the study of heritage speakers (HSs) (and heritage bilingual-

ism) – by definition early acquirers of both a minority (home) language and the majority so-

cietal language (Montrul, 2016; Polinsky, 2018; Rothman, 2009) – is of particular interest for 

various aspects and sub-literatures of multilingualism, including L3 acquisition and bi-

/multilingualism and the brain (BB), since HSs have two mentally represented grammars 

from the early years to draw on, which, in principle, can have a plethora of implications at the 

acquisitional and the neurocognitive levels playing out in interesting and unique ways.   

 Another aspect which so far has been largely missing in the L3 acquisition literature 

(and indeed in heritage speaker bilingualism more broadly, see Bayram et al., 2020) is the use 

of neurolinguistic methodologies (e.g., electroencephalography - EEG). Similar to the study 

of second language acquisition (SLA), where this method has been increasingly employed 

with success (see Alemán Bañón et al., 2017; Osterhout et al., 2006; Roberts et al., 2018; 

Tanner et al., 2013), their implementation would be useful to integrate and support behavioral 

L3 data by offering greater granularity for the object of study (Pereira Soares & Rothman, 

2021; Rothman et al., 2015, 2019). Crucially, it is argued that EEG online processing could 

give new insights when trying to adjudicate between the existing theoretical models of L3 

acquisition (see Pereira Soares & Rothman, 2021; Rothman et al., 2015; see González Alonso 

et al., 2020 for an example of an EEG study on the topic). 

Especially when looking at the literature on the neurocognitive underpinnings of bi-

lingualism (and multilingualism), the vast majority of studies aggregate diverse types of bi-

lingual speakers into the same pool for data analysis. That is, bilinguals are treated as if indi-

vidual differences in bilingualism are not important or potentially deterministic for the 

question of neurocognitive outcomes linked to bilingualism (e.g., Nichols et al., 2020). Inso-

far as important differences pertain to distinct types of bi-/multilinguals, such a practice may 

unltimately lead to an inadvertent washing out of meaningful information (see especially 

Study III of this dissertation for why this should matter). To take one example, by collapsing 

HSs and other types of later bilinguals into the same sample, group-level differences that 

characterize these particular groups (e.g., Age of Acquisition of the second language) might 

dissipate, especially when looking at group means - in addition to potentially meaningful 
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differences in individual bilingual experiences true of any bilingual, regardless of category 

type (but see, for example, Abrahamsson & Hyltenstam, 2009 and Meisel, 2009 for recent 

literature in other domains of bilingualism where this has been acknowledged). As a result, 

intrinsic data variation that is hitherto important for empirical and theoretical reasons can 

become unintentionally unvisitable. While this practice has been the norm for a long time, 

contemporary currents have become more prevalent challenging the researchers to deal with 

this issue(s) from many angles (see Gullifer & Titone, 2020 for an entropy perspective; 

Gullifer & Titone, 2021 for machine learning approaches; Bialystok, 2017; DeLuca et al., 

2019; Li et al., 2014 and more for an approach on individual differences in BB; Kidd et al., 

2018; Kidd & Donnelly, 2020 for recent reviews on individual differences in language acqui-

sition and processing). 

 In response to the above-mentioned points and to cover the resulting literature gaps, 

this thesis concerns two distinct, yet connected topics: L3 acquisition from a starting point of 

heritage bilingualism, contrasted with L3 acquisition of typical L2 (foreign language) learn-

ers on the one hand and the neurocognitive underpinnings/consequences of dual/multi lan-

guage experience for these groups on the other. As reviewed more in detail in the general 

discussion herein, I submit that correlates of general cognition (e.g., attentional and inhibition 

processes) might help better understand how multilingual language acquisition takes place, 

i.e., how patterns of language acquisition may be approached/clarified from a cognitive per-

spective. In this respect, given HSs’ linguistic particularity of having two mental sets of 

grammars in the same mind/brain from the earliest times of their -lingualism (or, at least, 

from very young ages), studying them allows one to dissect specific language experience 

factors in two novel ways: (i) how additional language learning might be affected by length 

of exposure to and experience with bi-/multilingualism in terms of language awareness and 

(facilitative) factors of additional language learning and (ii) how these experience factors 

may differentially modulate aspects of domain-general cognition.  

On the linguistic side, Study I looks at HSs of Italian growing up and living in Ger-

many and a non-heritage German L2 group also from Germany who was exposed to, and 

tested in, an L3 mini language Latin (Mini-Latin) grammar by means of behavioral (reaction 

times – RTs) and a neuroimaging methodological analysis within electroencephalography 

(EEG), event-related potential (ERP). This was done to specifically test the models of multi-

lingual language acquisition (see 1.4.1) with an online processing methodology and assess 

multilingual language acquisition patterns. Second, on the neurocognitive side, similar sub-
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sets of participants (Study II and Study III)1 performed a resting state EEG and a Flanker task 

while EEG was recorded where brainwave oscillations at rest and during task performances 

were regressed against bilingual language background information. This permitted the inves-

tigation of if, and how, domain-general cognitive control abilities (efficiencies) are modulat-

ed by interindividual bilingual language experience.  

 In the second part of this introductory chapter, the main aspects of this thesis are in-

troduced and contextualized, such as the construct of Heritage Speakers, the theoretical (neu-

ro)linguistic models and the (potential) place of HSs in the L3 and the bilingualism and the 

brain literatures. This general introduction serves as an overview to better appreciate the rele-

vance of the proposed studies, what they contribute separately to the evolving fields of re-

search in which they are situated and, indeed, how they can (should) come together to be 

worth more than their sum parts.  

1.3. Introducing Heritage Speaker Bilingualism 

In many ways, not least as HSs are underrepresented in both L3 and bilingual neurocognitive 

research, they are the main players within this dissertation. Therefore, they deserve to be spe-

cifically contextualized, especially within the broader (contemporary) literature of language 

acquisition (first part). In the second part, I prepare the ground for sections 1.4 and 1.5 by 

turning to some practical-/ and literature-driven motivations that led to the study of this par-

ticular bilingual group.  

1.3.1. Heritage Speakers 

Heritage Bilinguals (HBs) or Heritage Speakers (HSs) are commonly defined as a subgroup 

of early bilinguals who acquire their heritage language (HL)—a minority language imparted 

in the home—from birth either prior to or simultaneously with the societal majority language 

 

                                                
1 Study II encompasses a much larger sample of participants, which includes the same heritage Italian speakers 
and German L2 learners as in Study III, with the addition of a group of late L2 learners from Norway. Further-
more, some of the HSs which participated in Studies II and III were excluded in Study I. 
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(ML) (Lohndal et al., 2019; Montrul, 2008, 2016; Polinsky, 2018; Rothman, 2009)2. HBs are 

not, however, by any means a uniform group (see Kupisch & Rothman, 2018), but rather sit 

somewhere on a continuum based on observable (and measurable) bilingual skills/knowledge 

and proficiency (see scales such as those proposed in Haugen, 1987, p. 15; Polinsky, 2018; 

Polinsky & Kagan, 2007). Notwithstanding, by artificially placing these speakers on a scale, 

one tends to assume their bilingual language skills as static, which is a simplification, if not 

an unwarranted idealization. In fact, there are continuous changes in all bilingual grammars 

over the lifespan based on aspects such as language exposure, shifting patterns of language 

use, changes in their social networks, input/intake, literacy and much more. For example, 

exposure to the home language (the HL) tends to be at its peak in childhood (when people are 

continuously surrounded by caretakers who might be able to provide home language input in 

a context more akin to a bubble). Such exposure is likely to decrease once the HS comes in-

creasingly into more and more contact with the ML3.  

Exposure may sharply increase again later in life if the HS returns to the country 

where their home language is spoken monolingually. This is the case of so-called returnees 

(see Flores 2012, 2020; Kubota, 2019; Treffers-Daller et al., 2015). The other extreme exam-

ple is the case of language attrition, for example when a speaker moves into a place where 

his/her HL is not spoken at all and, therefore, it can get either slowly eroded over time or 

become increasingly difficult to access in real time because of lack of use (e.g., Dorian, 1981; 

Karayayla, 2020). Heritage language attrition can also take place over generations (some-

times referred to as cross-generational attrition), i.e., when changes in the HL in later gen-

erations of HSs can be meaningly attributed to changes in the input provided to them from 

the previous generation who have seemingly had individual level attrition (e.g., Bayram et 

al., 2019; Flores, 2015; Kupisch et al., 2014; Pires & Rothman, 2009; Rothman, 2007; Sta-

vans & Ashkenazi, 2020).  

 How and why HS differences from monolinguals obtain is complex. Several con-

structs in the literature have been proposed to account for this. Crucially, they are not mutual-

 

                                                
2 The terms heritage speakers, heritage bilinguals and early (simultaneous) bilinguals (in minority language 
contexts) are used interchangeably in this thesis, although acknowledged that heritage speakers comprise just 
one subtype of early bilinguals. For example, bilinguals who grow up in countries or cities with more than one 
official spoken language that are actually represented in the societies, such as in Luxemburg and Switzerland, 
would not be HSs of those languages. 

3 This is mostly described as the proficiency shift from the HL (usually during early childhood) to the ML (start-
ing from the day of first enrollment into the schooling system into adulthood) (e.g., La Morgia, 2011; Montrul, 
2012; Polinsky, 2018; Rothman, 2009; Silva-Corvalán, 2018). 
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ly exclusive, meaning that various aspects of them likely combine to explain specific out-

comes in particular contexts. The first and in many ways most influential is arguably the con-

struct of incomplete acquisition (Benmamoun et al., 2013; Montrul, 2002; Montrul & 

Bowles, 2009; Polinsky, 2008). It originates from the observation that HS gram-

mars/performance typically differs from the monolingual baseline, along a rather wide spec-

trum of individual variation. Incomplete acquisition assumes that reduced levels of input on a 

continuum foster stunted development whereby the HL never “fully” develops (Benmamoun 

et al., 2013; Polinsky, 2008). The term incomplete acquisition and its reliance on an idealized 

monolingual baseline as the relevant point of comparison—the benchmark against which so-

called completeness is measured—has prompted a healthy debate in the literature (see 

Domínguez et al., 2019 for discussion; Kupisch & Rothman, 2018; Pascual y Cabo & Roth-

man, 2012) that questions the very appropriateness of the monolingual comparison. 

  Other contributors have been identified to explain why HSs grammars are often se-

lectively distinct from those of matched monolinguals, often taking the position that incom-

plete acquisition is an unfortunate terminological label even if reflecting genuine arrested 

development in some instances. First and foremost, input in the HL is inherently different 

from that of a matched monolingual peer, definitely in quantity and probably to various de-

grees in quality. For instance, previous cross-generational attrition and/or other types of lan-

guage contact effects make the actual baseline grammar to which HSs are exposed already 

distinct from that of monolingual peers (see Pires & Rothman, 2009). Other contributors, for 

example, individual level attrition (where the actual grammar of the individual HS has 

changed over time, Polinksy, 2011), reduced access, if any at all, to formal education/literacy 

in the HL (Bayram et al., 2017), are good candidates to also explain some patterns in HL 

grammar.  

Given that most studies investigate linguistic domains at an adult state of knowledge 

(so not development itself), there is no way to tease apart directly if indeed a specific domain 

was never acquired in the first place or simply changed over time. Descriptively the same, 

HL differences can be alternatively viewed as the complete consequence of a different path 

of acquisition (Bayram et al., 2021; Kupisch & Rothman, 2018; Putnam & Sánchez, 2013) 

delimited by the natural course of variables that make bilingual language learning special. 

For these and other reasons (see Bialystok, 2009 and Kupisch & Rothman, 2018 for insights 

from cognitive domains and child simultaneous bilingual acquisition, respectively), in the 

context of this dissertation and the studies that comprise it, I: (i) refrain from explicit and 
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implicit comparisons of bilinguals to monolinguals as any type of benchmark and (ii) I classi-

fy any individual as HSs who meets the characteristics defined at the beginning of this sec-

tion, i.e., without considering any “not fully-developed grammar” argumentation precisely 

because HSs are native speakers of the HL (Rothman & Treffers-Daller, 2014). 

The discussions mentioned above complement the role of context/language use in in-

fluencing heritage bilingualism outcomes. For instance, HSs can be perfectly balanced bilin-

guals, and some are. Unsurprisingly, this is the case when their individual context permits it. 

Yet, most HSs are unbalanced because their circumstances promote a shift in dominance to-

wards the most societal majority language (Montrul, 2016; Polinsky, 2018; Rothman, 2009)4.   

Other important variables are not considered herein, given the scope of the present re-

search, but are worthy of at least a cursory mention for completeness’ sake. Sociopolitical 

status, i.e., how a language is perceived from its speakers and from the larger community in a 

specific country and linguistic landscape (e.g., Aalberse et al., 2019; Benmamoun et al., 

2013; Brinton et al., 2017) is an important and deterministic variable. As a broad example, 

languages with large numbers of monolingual speakers and associated with schooling and 

literacy (English, Spanish, French, Italian, Russian, etc.) are generally much better accepted 

in Western societies and, therefore, supported and/or promoted than other languages, such 

those from African immigrants in Europe (De Bot & Gorter, 2005; Montrul, 2016; Polinsky, 

2018; see Brown & Bousquette, 2018 for a broader sociolinguistic discussion on HL in North 

America). This is, however, not always the case. These and many other aspects not discussed 

here (see Aalberse et al., 2019; Lohndal et al., 2019; Montrul 2016; Polinksy, 2018; Polinsky 

& Scontras, 2020), make the study of heritage bilingualism and the diversity of HSs particu-

larly insightful for both theoretical and experimental approaches in linguistics (e.g., Bayram 

et al., 2020; Lohndal et al., 2019; Polinksy & Scontras, 2020; Scontras et al., 2015) as well as 

for challenges in HL policies and maintenance (e.g., Aalberse et al., 2019; Kasstan et al., 

2018; Suarez, 2002; Valdés, 2005, 2017). 

 

 

                                                
4 See Gathercole and Thomas (2009) and Unsworth (2013, 2016) for discussions on the role of input/exposure 
on the heritage weaker language and Bohman et al. (2010) for discussions of language use/output on (children) 
heritage language outcome. See also footnote 3 of this dissertation.  
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1.3.2. Heritage Speakers as the Population of Study 

HBs were selected as the population of study for this dissertation for two main reasons. The 

first motivation is a practical one. Beyond studying HSs for reasons of understanding the di-

versity of their linguistic outcomes in the HL and ML and/or what doing so brings to bear on 

formal and applied linguistic theories (see Kupisch & Rothman, 2018; Lohndal et al., 2019; 

Montrul, 2016; Ortega, 2020; Polinsky, 2018; Polinsky & Scontras, 2020; Zyzik, 2020), in-

vestigating HSs subsequent language learning as a case of additive multilingualism—i.e., not 

traditional adult second language acquirers of an L3—is very practical at multiple levels. 

Especially due to immigration (migration estimate in 2020 worldwide of 281 million people - 

United Nations, 2020), an increasingly larger population globally will grow up in a country 

where the ML is not the one of their parents. In many cases, these HSs will be obliged to 

learn additional languages in school and use them in their careers. Focusing on the German 

case, according to the Bundesministerium für Familie, Senioren, Frauen und Jugend, 2.8 mil-

lion people living in Germany and around one in every three schoolchildren has a “migration 

background” (BMFSFJ, 2020). Although not all, many of these children will grow up speak-

ing an HL and the ML (German) and will eventually come in contact with one or more (usu-

ally English being the first one) foreign languages in the formal school settings. In the present 

thesis, I tangentially try to touch upon this issues since Multilingual language acquisition and 

multilingual brain processing complement each other and ultimately lead, among other 

things, to practical discussions in pedagogy and didactics (cf. Cenoz, 2013; Cenoz et al., 

2001a; Trotzke & Kupisch, 2020), healthy cognitive aging (e.g., Abutalebi et al., 2014; Bi-

alystok et al., 2004, 2016; Borsa et al., 2018; Duncan & Phillips, 2016), language policy 

(Barakos, 2012; Slavkov, 2017) and more (see Chapter 5 for further discussions).  

The second reason to investigate HSs is of a (brain) processing nature. Most of the lit-

erature in L3 acquisition and BB is either concerned with late bilingual learners acquiring an 

L3 (see Rothman et al., 2019) or has consistently made the distinction between bilingual sub-

groups whereby HSs are all too often treated as if inherent differences with non-dominant 

bilinguals, such as L2 learners, do not potentially introduce unwanted noise. This has many 

undesirable theoretical consequences. To highlight just one, let us imagine a context in 

which, for the moment, the rationale of the declarative/procedural model (DP) of Paradis 
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(1994, 2004, 2009)5 is assumed, i.e., where it is proposed that only (and inevitably) all later 

acquired languages (after puberty) use and are subserved by the declarative memory system 

only. Paradis (1994, revised in 2009) states that the declarative and the procedural memory 

systems differ (i) when it comes to implicit linguistic competence (sustained by procedural 

memory) and explicit metalinguistic knowledge (sustained by declarative memory) and (ii) in 

relation to the represented brain structures (Paradis, 2009). More importantly for the present 

discussion, the author sustains that, in the L1 but crucially not an L2, the procedural memory 

systems maintain implicit linguistic structures (e.g., phonology, morphology, syntax) while 

the declarative memory system is responsible for sustaining vocabulary. Moreover, while the 

L1 grammar is acquired implicitly (i.e., by means of procedural memory), the L2 grammar is 

destined to be differently acquired and maintained given access only to the declarative 

memory system. From a later L2 acquirer perspective, this would mean (and has been inter-

preted as) that their L2 and L3/Ln are cognitively more similar than their L1 is to their L2, 

which, in turn, is predicted to lead to greater transfer effects between later acquired languages 

(cf. Meisel, 1983 “Foreign Language Effect” and Bardel & Falk, 2007, 2012 “L2 Status Fac-

tor Model” theories and ideas of dissimilarity between the native language and non-native 

languages).  

To the extent such a proposal is on the right track, this has a principally twofold out-

come. First, in heritage bilingualism where both languages are learned at very early ages (ei-

ther simultaneously or early child L2 sequentially), I would expect there to be similar motiva-

tions for transfer from one or the other language as a default precisely because neither would 

have by default a more similar cognitive profile to the target additional language. Thus, stud-

ying HSs permits the exclusion of L2 Status6 effects in favor of other variables driving multi-

lingual language transfer, such as language similarity at the structural/typology level, indi-

vidual language proficiency and/or usage dominance profiles (Fallah et al., 2016; Rothman, 

2015; Rothman et al., 2019; Westergaard et al., 2017; Westergaard, 2021a). Second, studying 

neurocognitive effects of language learning, use and processing in heritage bilinguals opens 

new venues in the BB field, since it is largely acknowledged that they have interestingly 

unique and highly varied outcomes in linguistic competence and performance, patterns of 

 

                                                
5 Cf. with Ullman (2001, 2004, 2005) for his version of the declarative/procedural model. 

6 See 1.4.1 for a review of the L2 Status Factor Model (Bardel & Falk, 2007, 2012). 
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use, exposure and intensities of experience with their bilingualism, which likely means that 

their language related processing and cognitive profiles will vary from other subtypes of bi-

linguals, if not present even more interindividual differences.  

In summary, HSs constitute a naturalistic laboratory for the examination of the 

mind/brain, including multilingual language learning and neurocognition, allowing the study 

of greater diversity and the potential for new insights that cannot be explored only by looking 

at monolinguals and/or late L2 acquirers (Iverson 2009, 2010). 

1.4. L3/Ln Literature 

In the following three sub-chapters, the most influential models of adult L3 morphosyntactic 

transfer/crosslinguistic influence (CLI) from formal linguistic perspectives are highlighted, 

by first reviewing their history, the rationale behind them and by analyzing converging and 

diverging points between them. Next, small as it has been to date, the role of HSs within the 

L3 literature is reviewed. Finally, the first study of this dissertation (Study I) is briefly con-

textualized within this literature by framing how it relates to the models reviewed.  

1.4.1. Formal Linguistic Models of L3 Morphosyntactic Transfer 

A fundamental distinction between second and third language acquisition is the sheer number 

of previously acquired mental grammars the learner (or parser) has available. When a learner 

starts acquiring his/her second language, transfer or crosslinguistic effects (from a fully speci-

fied, previously acquired specific grammar) can either come from the native L1, or be nonex-

istent (e.g., Bley-Vroman & Masterson, 1989; Eubank, 1994; Flynn, 1987; Odlin, 1989; 

Schwartz & Sprouse, 1996; White, 1989, 2003). In contrast, modeling transfer in L3/Ln ac-

quisition is inevitably more complex, since more factors come into play: number and nature 

of sources (none at all, transfer from the L1, from the L2, or a combination of both) (Cenoz, 

2003, 2012; González Alonso & Rothman, 2017; Jaensch, 2013), timing in acquisition (at 

initial stages or through development), impact on language and cognitive development, type 

of previous language learning context and related access to explicit metalinguistic experience 

and more (see Rothman et al., 2019). Thus, it is uncontroversial to think that L2 and L3/Ln 

acquisition are significantly different processes that need to be studied separately (Cenoz et 

al., 2001b; González Alonso et al., 2017; Rothman et al., 2013), even if they are not funda-

mentally distinct in terms of the underlying mechanisms at play. 
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 While there is a rich literature dating back at least to the 1980s examining L3/Ln 

transfer effects mostly in the lexicon (Ringbom, 1987; Singleton, 1987; Thomas, 1988) and 

typically from more applied linguistic perspectives (see De Angelis, 2007 for review), the 

formal linguistic study of (mainly in morphosyntax) adult L3 acquisition is relatively new 

(see Cabrelli Amaro et al., 2012; Rothman et al., 2013). Work that predates the formal mod-

els of morphosyntax in L3/Ln acquisition includes, among others (see Leung, 1998, 2001, 

2002; Lozano, 2003), the study conducted by Klein (1995), seminal at least in its treatment of 

L2 and L3 distinctly. She compared monolingual (which she called unilinguals) and multilin-

gual immigrant children studying English to a control group of native English speakers on the 

acquisition of both lexical learning (verbs and their prepositional complements) and the syn-

tax of movement prepositional objects when fronted or so-called pied-piping (To whom did 

you give the book to whom?) versus preposition stranding (Who(m) did you give the book to 

who(m)?). Participants were administered grammatical judgment and correction tasks both 

orally and in written form. The background languages of the multilinguals varied but, im-

portantly, none of those were similar to English in the way wh-questions are formed and none 

allowed preposition stranding, the preferred syntax of spoken English. The same type of er-

rors was made by both groups, which led Klein to the interpretation that both groups were 

following similar routes for the acquisition of these structures. However, the quantity of pre-

vious languages mattered on the rate/progression of learning. Multilinguals outperformed 

monolingual speakers on both the correction of sub-categorizations and in preposition strand-

ing. Thus, the author concluded that higher metalinguistic skills, learning attitude, greater 

lexical knowledge and enhanced cognitive skills in multilinguals advantageously triggered 

the (re-)setting of the relevant grammatical parameter.  

Later to Klein (1995), yet still early work proposed that the L1 has an advantageous 

position for transfer source (Hermas, 2010; Leung, 1998, 2002; Lozano, 2003; Na Ranong & 

Leung, 2009), mainly due to its cognitively privileged status and highly automatized nature 

as the native language (Ringbom, 1987). However, this view has been more recently (mostly) 

disregarded, given the abundance of contrary findings and the fact that most of the data advo-

cating for a privileged status of the L1 can also be explained in light of other variables not 

considered at the time, such as the fact that the L1 in many studies was also the typologically 

most similar language to the L3, a concept I return to below (see Puig-Mayenco et al., 2020 

for a systematic review).  
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The first proper model—specifically for L3, completely independent of previous L2 

models—within formal linguistic approaches to L3/Ln acquisition was the Cumulative En-

hancement Model (CEM; Flynn et al., 2004). As reviewed above, although this subfield was 

primed to emerge in the late 1990s (e.g., Klein, 1995; Leung, 1998) and work on L3 morpho-

syntax proper—distinct from adult L2—began to take off in the late 1990s/very early 2000s 

(Leung, 2001, 2002; Lozano, 2003), these studies were mostly comparative in nature between 

L2 vs L3 and largely sought to extend generative L2 models. Since 2004, the CEM has been 

highly influential in shaping this newborn field. In fact, the CEM opened the way to the no-

tion that L2 language acquisition and L3/Ln have to be treated as different subfields. Two 

claims made by the CEM, namely that “additional language learning has a cumulative effect” 

and that “previous linguistic knowledge alters the course of subsequent language acquisition 

is not random” deeply influenced and have marked all other (following) contemporary mod-

els. In short, the CEM predicts morphosyntactic transfer from any source language (the L1 or 

the L2) as long as it is facilitative for the property of the target L3, otherwise transfer or in-

fluence will not obtain.  

Chronologically, the L2 Status Factor (L2SF; Bardel & Falk, 2007, 2012; Bardel & 

Sánchez, 2017; Falk & Bardel, 2011; Falk et al., 2015) is the second theory and, thus, the first 

competitor for the CEM. It contends that the second language has a privileged role as the 

source of transfer, i.e., the non-native one. As discussed above, from its adopted DP distinc-

tion à la Paradis (2009) position, the L2SF states that grammars of the first language and sub-

sequent non-native languages are subserved by different cognitive systems. L1 grammar(s) 

are stored in the procedural memory, whereas all lexicons (included the L1s) plus all non-

native languages acquired after puberty are stored in the declarative memory (see 1.3.2 for a 

layout of the DP paradigm). The L2SF takes advantage of this distinction to point out that it 

is more likely that transfer happens within languages of the same system (L2 to L3/Ln) than 

different ones (L1 to L3/Ln). Updates of this model over time have mostly tried to accommo-

date those populations for which the distinction procedural-declarative systems were not so 

straightforward (see for example HSs, for whom the first non-native language corresponds to 

their third grammar).  

The remaining L3 models do not advocate a privileged role for either language, but 

rather argue for structural similarity as the deterministic cue for CLI and transfer effects. 

They diverge, most notably, when it comes to the timing and scope of transfer, i.e., differen-

tiating between wholesale (a whole copy of one grammar/language being transferred as the 
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initial grammar of the L3) or selective (transfer occurring from multiple source languages). 

The proposal that typological similarity is central for multilingual transfer effects finds some 

origin in Kellerman’s psychotypological proposal of transfer for L2 acquisition, essentially 

the idea that crosslinguistic influence mostly occurs between languages that are perceived as 

more similar by the learner (Kellerman, 1983). Rothman’s (2010, 2011, 2013, 2015) Typo-

logical Primacy Model (TPM) takes on the concept that typology matters, but crucially not in 

any conscious way as Kellerman appeals to. Rather, the TPM postulates that the linguistic 

parser determines overall typological (structural) similarity, that results, unconsciously, in the 

selection of one or the other previous acquired systems to provide the initial (specified) 

grammatical template for the L3 (wholesale transfer - see the TPM’s cue hierarchy and/or 

Study I for details on the implicational hierarchy of cues the parser is guided by to make a 

selection – Rothman, 2013, 2015; Rothman et al., 2015, 2019). The idea of wholesale transfer 

originates from L2 accounts arguing for “full transfer”, as conceived in the Full Transfer/Full 

Access model (Schwartz & Sprouse, 1996; White, 2003; see Schwartz & Sprouse, 2021 for a 

more contemporary view).  

 More recent models, the Scalpel Model (SM) (Slabakova, 2017) and the Linguistic 

Proximity Model (LPM) (Westergaard et al., 2017), also argue for structural similarity as 

primary determinate for transfer between the L1 and L2, but this is predicted to be selective 

in its nature in a property-by-property manner. The SM predicts that “activated grammatical 

possibilities of the L1-plus-L2 combined grammar act with a scalpel-like precision, rather 

than as a blunt object, to extract the enhancing, or facilitative, options of L1 or L2 parameter 

values.” (Slabakova, 2017, p. 655). In other words, grammar transfer properties are carefully 

selected either from the L1 or the L2 when more useful (facilitative). However, the SM 

acknowledges that mistakes by the “scalpel” can be made, leading to non-facilitative transfer. 

These originate due to the multifold interaction of cognitive and experiential factors when 

instantiating L3 transfer sources, including processing complexity, misleading input, and 

structural frequency and complexity in the target phenomena. Similarly, Westergaard and 

colleagues (2017) predict selective transfer (facilitative and non-facilitative) at the property-

by-property level. Westergaard (2021a,b) refines the original hypotheses to be framed as full-

transfer potential: anything can be transferred (at any point in development) from any gram-

mar, but not necessarily so. Ultimately, within the LPM, structural similarities between the 

language trio drive CLI effects due to the continuous (parallel) activation of all grammars 

(this is believed to be computationally less costly than inhibiting the typologically more dif-
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ferent system, see TPM). However, this is not done wholesale at the beginning stages, but 

rather as needed over development.  

 Another important point of discussion for the L3 literature originates from Fallah and 

colleagues (2016)’ study (see also Fallah & Jabbari, 2018; Jabbari et al., 2018). They looked 

at the initial stages of L3 English acquisition in Mazandarani/Persian HSs. The three groups 

tested consisted of (1) HSs of Mazandarani (L1) and Persian (L2) with Mazandarani as lan-

guage of communication (2) same as (1) but with Persian as language of communication and 

(3) the mirror group (Persian L1 and Mazandarani L2) with Persian as the language of com-

munication. English and Mazandarani pattern in the targeted structures (i.e., position of pos-

sessives with respect to nouns). They found that group (1) judged about 80% of the sentences 

correctly and produced the target structures in an “an English-like manner”. Groups (2) and 

(3), instead, tended to place possessors after possessed nouns, in a “Persian-like manner”. 

None of the models in the literature up to that point (L1 Factor, L2SF, CEM and TPM) could 

explain their results. Therefore, their findings support the idea that syntactic transfer (at least 

at the very initial stages) originates from the language of communication, irrespective of ac-

quisitional order (see Siemund & Lechner, 2015 for similar results and a discussion on trans-

fer sources based on language combinations involved as well as linguistic features).  

 As a final remark, a systematic review by Puig-Mayenco et al. (2020) gathered most 

of the published studies in the field of L3 morphological transfer until late 2018. The review 

highlighted that none of the existent models could cover the totality of the data in the litera-

ture (as it is mostly the case in science). However, patterns could be observed, remarkably 

that claims against non-facilitative transfer as the CEM upholds is poorly justified (nearly 

90% of available studies show non-facilitation) and that typological/structure-based transfer 

has a very good coverage overall (more than 60% of the studies up to that point). This should 

come as no surprise. Given the early stages of the field, it would have been very unlikely to 

see any model be correct in absolute terms. In a way, these are welcomed news. It means that 

there is enough space for refinements (or even dismissing) of present models and room for 

new ones to draw upon knowledge of their predecessors as new data continue to emerge. 
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1.4.2. Heritage Speakers in the L3 Literature 

It was already pointed out by Cenoz and Jessner (2000) that early bilingual acquirers tradi-

tionally part of the L2er group in relevant research are, in reality, L3 learners of the later ac-

quired target language. In fact, work on HSs learning a third language has existed for some 

time, although mostly not referred to as L3 studies (see Cenoz, 2013; Muñoz, 2000; Ring-

bom, 1987; Sagasta, 2003 for an educational perspective). On the other hand, linguistically 

oriented research on L3 within heritage bilingualism is still at relatively initial stages, despite 

its potential for the field. Indeed, the context of HS bilingualism—as being the only subset of 

bilinguals to have two early naturalistically acquired mental grammars and, therefore, more 

temporal experience with managing more than one linguistic system from childhood—

affords an opportunity to tease out some variables confounded necessarily with typical L2 

acquisition. These are, for example, issues related to potentially critical or sensitive period 

effects (Iverson 2009, 2010; Rothman, 2011).  

 When HSs first come in contact with the L3 (their first foreign language) they al-

ready have two naturalistically acquired native languages to draw from. This makes HSs dif-

ferent from other subsets of bilingual speakers (notably late L2 learners) where the first for-

eign language is their second language. In a numeric sense, “L3” refers to the chronologically 

third language learned/acquired, often the second foreign language in a formal setting. In the 

case of HSs, this chronological third language is typically the first foreign language studied in 

a formal setting. Relevant studies, however, differ in the way this literalist definition is ap-

plied. For instance, although a majority of work in formal acquisition follows this definition 

(Kupisch et al., 2013; Lloyd-Smith et al., 2021; Hopp, 2019 and Westergaard et al., 2017 in 

children; Puig-Mayenco & Marsden, 2018 for adult HSs acquirers), for others the investigat-

ed language is not the chronological third one, but, in fact, an additional language (Ln) there-

after (see, for example, Gabriel et al., 2018). An alternative approach proposed in Polinsky 

(2015, 2018) would be the case of heritage bilinguals refining their HL knowledge/skills in 

formal settings (usually years later). She argues that, at least in some instantiations, for HSs 

that seek formal training in adulthood in their HL, the variety consolidated in the classroom 

in adulthood differs so much from the one acquired naturalistically in early ages, that they 

could be seen as different language systems. Hence, a special type of L3 acquisition. Given 

that the majority of the HL research is done on university students, clear criteria would need 
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to be determined to test her hypothesis, i.e., if, when, and how exactly HL learning in formal 

settings later in life count as L3 learners.  

 With the expansion of the field in the last 5 years, diverse L3 HSs studies tapping 

different linguistic domains have been conducted. Within the domain of morphosyntax, Hopp 

(2019) looked at article and subject realization (to test Turkish transfer) and verb-second (V2) 

word order (to test German transfer) in German-Turkish HSs and German controls (acquiring 

English) in repetition and oral production tasks. Both groups performed at ceiling in the pro-

duction of articles and subjects and both groups showed difficulty with verb raising. This 

seemed to indicate negative transfer from German and evidence for wholesale typological 

proximity (see 1.4.1). Opposingly, Westergaard et al. (2017) examined children (11-14y old) 

Norwegian-Russian HSs and Norwegian/Russian controls in L3 English on subject-auxiliary-

inversion in questions (where English patterns with Norwegian) and adverb placement in 

declaratives paradigms (where English is similar with Russian). Depending on the linguistic 

domains, they found transfer to occur either from Russian (adverb placement) or from Nor-

wegian (subject-auxiliary-inversion). The study shows effects of transfer related to structural 

similarity at the individual domain level (or micro-cues), and therefore, laid the foundations 

to propose the LPM. Further examples of L3 HSs on morphosyntax are Fallah et al. (2016) 

and Fallah and Jabbari (2018) investigating prenominal possessives and attributive adjectives 

in L1 Mazandarani/early L2 Persian learning English at school, where they found evidence 

for important roles of language use in L3 transfer (see 1.4.1). Finally, on a similar note, 

Lloyd-Smith et al. (2021), looking at embedded wh-questions in L3 English in HSs of Italian 

living in Germany and Puig-Mayenco (2019), examining Catalan-Spanish learning ab initio 

English in the classroom on the interpretation of negative quantifiers, highlight the role of 

dominance in L3 developmental data.   

Similar disparities (wholesale vs selective vs language dominance/use) to the mor-

phosyntax domain in HSs is also evidenced from studies examining phonological phenomena 

within the L3 theoretical model landscape in heritage bilingualism. For example, Geiss et al. 

(2021) investigated HSs of Italian leaving in Germany, German and Italian controls on voice 

onset time (VOT). Whereas both the HSs and L1 German controls were on target in English, 

L1 Italian controls produced VOTs with shorter-than-target values. These findings are com-

patible with both dominant-language transfer besides typological proximity. In contrast, two 

recent studies on HSs of Turkish living in Germany and acquiring L3 English found evidence 

of transfer from both phonological systems in speech rhythms (Domene-Moreno, 2021; Ka-
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bak & Domene-Moreno, 2016). Domene-Moreno (2021) proposed that transfer at the phono-

logical level, similarly to the LPM (see 1.4.1), also happens in a cumulative fashion based on 

similarities between the phonetic-phonological systems. Finally, similarly to morphosyntax, 

the roles of language and dominance have also been investigated from an L3 HSs phonology 

perspective. For example, Llama and López-Morelos (2016, 2020) investigated HSs of Span-

ish in Canada in VOT L3 Canadian French production. In both cases, the results showed 

VOT values in French indistinguishable from those produced by their L1 Canadian English 

speakers (English being the dominant language of the HSs) and that the HSs did not make 

use of their HL (Spanish). Similar results were found by Lloyd-Smith et al. (2017) when ex-

amining global foreign accent L3 English in Turkish HSs in Germany. They found that L1 

English teacher raters perceived the HSs more as German-sounding (60% of the cases) than 

Turkish-sounding (only 20% of ratings), with the latter being strongly predicted by the HSs 

phonological proficiency in Turkish (separately analyzed in Kupisch et al., 2020) (see Lloyd-

Smith & Kupisch, 2022 for a complete review on the topic of HBs in L3 studies). 

1.4.3. L3 Models: Connections to Study I 

Study I within this thesis aims at participating in and expanding these discussions by asking 

questions at the interface of heritage bilingualism and L3/Ln acquisition by means of behav-

ioral and neurophysiological data with the premise that the greater granularity of an online 

processing technique like EEG might shed light into processes not so well understood and 

tapped in so far. And so, in Chapter 2, the proposal that structural similarity/typology has a 

major role in L3/Ln in transfer selection is examined. This is achieved via testing German-

dominant HSs of Italian (and a German L2 group) on a novel mini language (based on Latin) 

paradigm. Participants had no previous notion of Latin (nor of the mini language), which 

allows the testing of (differential) trajectories at the very initial stages of multilingual gram-

mar acquisition. Moreover, the selection of the languages and more importantly of the lin-

guistic phenomena permit a direct comparison and exclusion of the two mainstream typologi-

cal ideologies in the field: wholesale (see TPM) versus selective transfer (see SM and LPM). 

A last word needs to be spent to mention the role of heritage bilinguals as an understudied 

group in the L3 literature, especially regarding their role in models’ predictions and testing. 

So far, little work exists with HSs testing these frameworks (see 1.4.2). This should not be a 
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reason to shy away, since there are no real linguistically driven motivations to believe that 

these proposals should not be valid for this population.  

The LPM, for example, was proposed on the basis of data collected from HSs 

(Westergaard et al., 2017), and Rothman (2015) (TPM) also suggested that transfer should 

take place likewise for HSs as it does for late L2 learners (see Iverson, 2009, 2010 for empir-

ical evidence). However, Rothman also suggests that heritage bilinguals have more experi-

ence with inhibitory control, i.e., the proposal is that they might be better at inhibiting their 

L1 and L2, resulting in postponed temporal transfer. This, in turn, can lead to greater overall 

results (e.g., faster learning) for HSs when compared to late L2 learners (Rothman, 2015, p. 

187). See however Cabrelli and Pichan (2019) for a recent study testing this hypothesis and 

finding no differences between the two groups (HSs and late L2 learners). The L2SF, on the 

other hand, should not be accounted for when HSs is the understudied population (see 1.3.2 

for a discussion). Finally, similarly to the LPM, Fallah and colleagues (2016)’ idea of lan-

guage of communication/dominance as source for transfer originated from data on HSs and 

therefore is by all means a valuable attestable option when looking at HBs.  

1.5. Bilingualism and the Brain 

Studies II and III are primarily concerned with the neurocognitive aspects of bilingualism. In 

these studies, I capitalize on the HS participants to delve more deeply into how individual 

differences in dual language experience over time affect the potential for, and degree of, neu-

rocognitive adaptations. As such, the contemporary models related to the neurocognition of 

bilingualism are reviewed and the way heritage bilingualism contributes to them as well as 

important questions in the field these models seek to address. Thus, in this light, the roles 

Studies II and III have within this general program are contextualized.   

1.5.1. Overview of the Field 

One of the greatest discoveries in the field of bilingualism is that the (continuous) use of two 

or more languages has consequences that go beyond the linguistic domain(s), namely that it 

also affects domain-general cognitive functioning (working memory, attention, inhibition, 

cognitive flexibility and more) (e.g., Bialystok et al., 2012; Kroll et al., 2015; Poarch & van 

Hell, 2012, 2014 for two studies in trilingualism) and the structure and function of the brain 

itself (e.g., Abutalebi & Green, 2008, 2016 for reviews; Coderre et al., 2016; De Baene et al., 
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2015). This happens because of the constant co-activation and state of competition (for com-

prehension and production) in the mind/brain between a bilingual speaker’s languages (e.g., 

Blumenfeld & Marian, 2013; Green, 1998; Marian & Spivey, 2003). The above-described 

cognitive and brain consequences can be mostly meaningfully tested and reliably observed 

during those life stages where people are cognitively more vulnerable and varied, i.e., in 

childhood (e.g., Arredondo et al., 2018; Morales et al., 2013; Petitto, 2009; Poarch, 2018; 

Schroeder & Marian, 2017 for a review on multilingualism) and during aging, when cogni-

tive decline processes (and, as a consequence, neurodegenerative pathologies are likelier to 

develop) place higher demands on the cognitive and neural control systems (e.g., Bialystok et 

al., 2016; Gold et al., 2013; Voits et al., 2020 for a review).  

 As just mentioned above, a higher degree of domain-general cognitive control may 

ultimately lead to neuroplastic changes in the brain. Neuroplasticity refers to the ability of the 

brain to adapt to environmental stimuli by forming new neural connections and re-organizing 

its neural circuits. Several life experiences have been associated with this phenomenon, in-

cluding aerobic exercise (e.g., Colcombe & Kramer, 2003; Thomas et al., 2012), formal edu-

cation (e.g., Ansari, 2012; Kramer et al., 2004), music and instrument training (e.g., Critchley 

& Henson, 2014; Gaser & Schlaug, 2003), juggling (e.g., Boyke et al., 2008; Scholz et al., 

2009), and bilingualism (e.g., Baum & Titone, 2014; Kroll et al., 2015) to name a few. Bilin-

gualism, unlike other activities which generally are performed for a restricted amount of time, 

is unique in the sense that dual language activation is omnipresent, since one is constantly 

surrounded by language cues (communication with other people, language switching, read-

ing, thoughts, listening, street signs, etc.). Therefore, bilingualism (and multilingualism) es-

tablishes a special form of mental exercise with profound effects on the structure, function 

and even molecular composition of the brain (Bialystok, 2017; Grundy et al., 2017; Pliatsikas 

et al., 2021; Weekes et al., 2018).  

In comparison to monolinguals, bilinguals acquiring a non-native language show 

greater grey matter (GM) volumes in several cortical (and subcortical) areas involved in lan-

guage control (e.g., Abutalebi & Green, 2016; Berken et al., 2016b; Burgaleta et al., 2016; 

Della Rosa et al., 2013; Li et al., 2014; Mårtensson et al., 2012; Mechelli et al., 2004; Pliatsi-
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kas et al., 2014; Zou et al., 2012)7 (Figure 1.1). Findings are mixed in the literature when it 

comes to white matter (WM) tract changes, with some studies showing increased and others 

decreased diffusivity (Cummine & Boliek, 2013; Kuhl et al., 2016; Mamiya et al., 2016; Mo-

hades et al., 2012, 2015; Rossi et al., 2017). Traditional factors, such as age of acquisition 

(AoA) and proficiency, have been shown to play an important role in predicting structural 

brain adaptations (e.g., Hosoda et al., 2013; Mamiya et al., 2016; Stein et al., 2012). Hand-in-

hand with structural brain restructuring, also when it comes to functional adaptations bilin-

guals exhibited distinct and diverse functional activity patterns in comparison to monolin-

guals when engaging in executive control tasks (e.g., Garbin et al., 2010; Green & Abutalebi, 

2013; Luk et al., 2010; Olulade et al., 2015). The regions involved in bilingualism mostly 

comprise areas responsible for language and cognitive control, such as prefrontal brain areas 

(e.g., Bialystok et al., 2009; Coderre et al., 2016; Gold et al., 2013; Luk et al., 2012; Mohades 

et al., 2014; Pereira Soares et al., 2019). Finally, resting state magnetic resonance Imaging 

(rs-MRI) studies identified differences (in bilinguals versus monolinguals) in brain networks 

and functional connectivity due to bilingual experiences (e.g., Grady et al., 2015; Luk et al., 

2011a, 2012).  

 

 

                                                
7 See reviews such as Abutalebi and Green (2016), Pliatsikas, (2019), Yee et al. (2022) and Zhang et al. (2020) 
for a panoramic on basic neuroscience notions (e.g., the concepts of grey and white matter), structural and func-
tional brain changes at different stages and in different populations (mostly related with bi-/multilingualism). 
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Figure 1.1 Different views of the human brain. Panel (a) represents a mid-sagittal cross-section, whereas panels 

(b) and (c) show a lateral and a mid-axial cross-section, respectively. Many of the regions depicted in the figure 

are mentioned in this dissertation and are relevant in bilingualism brain research. In panel (c) in particular, the 

distinction between white matter (in white) and grey matter (in grey) is clearly visible. Reprinted from Hand-

book of the Neuroscience of Multilingualism (p 230-251), by Pliatsikas (2019). Wiley-Blackwell. Copyright 

2019 by John Wiley & Sons. 

 

It is clear that these neurocognitive adaptations are dynamic in nature and depend on 

factors beyond the mere number of languages (one vs two vs more), i.e., relating to the (qual-

itative) ways bilinguals use their languages. Departing from this point of view, many studies 

have started looking specifically at individual bilingual experience factors (level of immer-

sion, context of language use, AoA, and more) and how these modulate structural and cogni-

tive adaptations. In other words, the idea is to not define and compare monolinguals and bi-

linguals as two monolithic entities, but rather to look at “-lingualism” as a continuum of 

(language) experiences and how these, in turn, relate to brain changes (e.g., DeLuca et al., 

2019; Gullifer et al., 2018; Kuhl et al., 2016; Sulpizio et al., 2020). However, literature that 

argues against the so-called “bilingualism advantage” exists (Lehtonen et al., 2018; Lowe et 

al., 2021; and Paap, 2019 for reviews; Paap, 2016) even though mostly supported only by 

behavioral measurements. 

 Studies specifically looking at neurocognitive changes of bilingual language use us-

ing EEG are to date very scarce (see Cespón & Carreiras, 2020; Grundy et al., 2017 for re-



Thesis Introduction 

 

   

 

23 

views). An important advantage of EEG is that it allows to capture, thanks to its high sensi-

tivity and temporal resolution, processes not otherwise observable with behavioral measures 

(and MRI) (which, instead, are only able to capture the final output of thousands of interac-

tions and processes among several cognitive networks). The few studies so far using EEG in 

the BB field have reported mixed findings (see Cespón & Carreiras, 2020 for an overview), 

ranging from no differences between monolinguals and bilinguals (e.g., Fernandez et al., 

2013; Kousaie & Phillips, 2012; Moreno et al., 2014), to only neurophysiological adaptations 

to the dual language experience (e.g., Bice et al., 2020; Morrison et al., 2019), only behavior-

al effects (e.g., López Zunini et al., 2019; Morales et al., 2015), or both behavioral and brain 

differences between the groups (e.g., Barac et al., 2016; Kousaie & Phillips, 2017). The po-

tentiality that this technique has to offer to shed new light into this field is outstanding and 

these studies have only started scratching the surface of the possible work that can be done 

(see Rossi et al., 2022). Similar to bilingualism findings, studies employing multilingual pop-

ulations have found so far comparable results when looking at the neurocognitive effects of 

multiple language use on the brain (Chung-Fat-Yim et al., 2022 for a review on the limited 

work so far on the neurocognitive underpinnings of multilingualism). 

 In summary, the studies reviewed above have highlighted the potential consequences 

of bilingualism for the mind and the brain and, crucially, that not all bilingualism is the same. 

Therefore, the study of different bilingual populations and a more nuanced approach to those 

already frequently studied are needed (Kroll & Bialystok, 2013; Kroll et al., 2015; Leivada et 

al., 2021; Luk & Bialystok, 2013). However, only a handful of studies has adequately tested 

early versus late bilingualism, or otherwise considered them as separate linguistic groups (see 

1.5.3). In fact, the trend has been to collapse all bilingual types into the same sample8, run-

ning the risk of washing out not only continuous variables of individual bilingual language 

experience across the board via averaging practices, but indeed also obscuring factors that 

might be deterministic due to age of acquisition effects (as showcased in the studies in this 

dissertation, especially the one in Chapter 3). 

 

                                                
8 This corresponds to, most of the cases, grouping bilinguals and multilinguals together (see Chapter 3 for a 
discussion on the topic; Yee et al., 2022 for a review and discussion on the existent literature on multilingualism 
and neurocognitive adaptations and participant types). 

https://www.cambridge.org/core/journals/bilingualism-language-and-cognition/article/bimodal-bilingualism-reveals-mechanisms-of-crosslanguage-interaction/7254F729CD3335E5781EDC817F42A017#ref008
https://www.cambridge.org/core/journals/bilingualism-language-and-cognition/article/bimodal-bilingualism-reveals-mechanisms-of-crosslanguage-interaction/7254F729CD3335E5781EDC817F42A017#ref009
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1.5.2. Models of Bilingualism and the Brain 

One of the crucial questions within (psycho)linguistic studies of bilingualism early on re-

volved around determining if bilinguals have a single or multiple linguistic representational 

systems—a unitarity system that is tagged in some way to differentiate “grammars” or inde-

pendently separate ones for each language (e.g., Genesee, 1989; Kolers, 1963; McCormack, 

1977; Meisel, 1986), and, in turn, how the brain and its control system(s) manages to keep 

apart knowledge of the two languages. When solely observing everyday life experiences, 

bilingual speakers are clearly able to use their languages separately with no or very little in-

trusion from the other language(s). At the same time, most bilinguals are more than capable 

to intersperse their languages, or code-switch, with other bilinguals (as long as they have the 

same language combinations), suggesting simultaneous language activation (Kroll & Tokow-

icz, 2005). Many early models and frameworks of bilingual language processing and control 

approached these questions from different angles, such as the Bilingual Interactive Activation 

Model (BIA) and its extension (Dijkstra & Van Heuven, 1998; Dijkstra & Van Heuven, 

2002; Grainger & Dijkstra, 1992), the Revised Hierarchical Model (RHM) (Kroll & Stewart, 

1994), the Inhibitory Control (IC) Model (Green, 1998) and the Declarative Procedural (DP) 

Model (Paradis, 2009; Ullman, 2004).  

Recent models of bilingual neurocognition theorize and build on their predictions par-

tially based on the above-mentioned early models. The main idea behind these recent theories 

is that mechanisms of neurocognitive bilingual adaptations are assumed to be the result of the 

way the brain copes and uses languages. Given that languages are believed to be constantly 

active, a state of competition for language selection and production is expected (Dijkstra & 

van Heuven, 2002; Green, 1998; Marian & Spivey, 2003). After all, conflict needs to be re-

solved for successful communication and resolution has to be done with the limitations of 

attention and other cognitive resources at one’s disposal (Abutalebi & Green, 2007; Bialystok 

et al., 2009). Thus, resolving competition leads to greater demands on several neurocognitive 

networks involved in language processing and control, such as the executive functioning sys-

tem. At least under specific conditions, bilingualism can result in a more fine-tuned executive 

control system and in structural, functional and chemical brain adaptations (Abutalebi & 

Green, 2016; Bialystok et al., 2012; Burgaleta et al., 2016; García-Pentón et al., 2014; 

Mechelli et al., 2004; Pliatsikas et al., 2015, 2017, 2021; Weekes et al., 2018). All models 

presented below (reviewed in chronological order) revolve around different aspects of dual 
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language experiences and offer predictions on the ways the brain should adapt to them. Alt-

hough the goal of Studies II and III is not to directly test any of the models presented below, 

introducing them is necessary for two reasons (a) to be exhaustive in coverage of the general 

field of bilingualism and the brain, and (b) because I return to these models partially in the 

two studies and, to the extent possible, in Chapter 5 where I present and discuss a more glob-

al view of the data.  

The Adaptive Control Hypothesis (ACH) (Abutalebi & Green, 2016; Calabria et al., 

2018; Green & Abutalebi, 2013) addresses bilingualism mind/brain adaptations from the 

point of view of intensity of engagement with bilingual languages. The ACH assumes several 

cognitive processes to be required and involved in language control, such as conflict monitor-

ing, response inhibition, interference suppression, goal maintenance (maintenance and moni-

toring of goals/rules based on internal and external cues to resist interference from other lan-

guages), salient cue detection (flexibility to respond to new cues), planning and task 

(dis)engagement. These processes get recruited and applied differentially depending on the 

conversational context. In single language contexts, i.e., when only one of the available spo-

ken languages is used, only goal maintenance is engaged and, therefore, only structures from 

the Inferior Frontal Gyrus (IFG) are recruited (Figures 1.1 and 1.2). Dual language contexts 

comprise situations where both languages are recruited, yet with different speakers. Here, 

several control systems are required, including goal maintenance, interference control, cue 

detection, (selective) response inhibition, and task (dis)engagement. Therefore, it also engag-

es a wider brain network comprising structures within the bilateral IFG, the anterior cingulate 

cortex (ACC), inferior parietal lobule (IPL), the cerebellum and subcortical structures (cau-

date, putamen and thalamus) (Figures 1.1 and 1.2). Lastly, dense code-switching contexts 

comprise situations when both languages are engaged with the same interlocutor, with fre-

quent code-switching involved. This situation is thought to require opportunistic planning 

and low levels of inhibition and to recruit control networks within the IFG and cerebellum. 

Individual speakers may engage in one or (often) several (if not all) of these interactional 

contexts. However, it is the repetitive engagement within one context over the other, or the 

cumulative distribution of how these contexts present in individual bilinguals’ experiences 

that are argued to reinforce the underlying required cognitive processes and brain networks. 

In turn, this may lead to greater performance on tasks which specifically tap into these pro-

cesses and, ultimately, to higher plasticity/connectivity in those specific brain regions in-

volved. 
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The Bilingual Anterior to Posterior and Subcortical Shift (BAPSS) model (Grundy et 

al., 2017) describes an array of neural adaptations due to prolonged bilingual language expe-

rience. Specifically, it posits that during early L2 learning stages there is a greater reliance on 

frontal cortical regions (e.g., ACC and IFG) (Figure 1.2). This manifests itself due to the 

greater demands on both language and cognitive control systems, which mostly rely on these 

regions. Increased L2 use leads to a shift from frontal to subcortical/posterior regions (e.g., 

subcortical structures and occipital lobes) consistent with more efficient and automated lan-

guage control. These neurocognitive adaptations complement neurophysiological findings 

(mostly attested as early latencies and increased amplitudes in the N200/P300 components)9, 

where bilinguals in comparison to monolinguals show more automatic processing and gener-

ally devote and allocate less brain resources at earlier temporal stages. Finally, they propose 

that this anterior to posterior shift in bilingual speakers matches findings from cognitive ag-

ing studies and supports the observation that bilinguals’ cognitive decline takes place (on 

average) at later stages of development than in their monolingual (matched) peers. 

The Dynamic Restructuring Model (DRM) (Pliatsikas, 2020) gathered all the (availa-

ble at the time) studies in the field of neurocognitive adaptations to bilingual language use to 

underlie its proposal of a series of gradual neuroanatomical stages based upon duration, ex-

posure and usage of two languages and resulting cognitive demands observed in diverse bi-

lingual population types. The DRM proposes three stages. In stage one (initial exposure), 

early brain adaptations due to language learning and initial control demands are observed. 

This results in higher engagement of cortical structures related to cognitive control (IFG, 

ACC, inferior parietal lobule/superior parietal lobule (IPL/SPL) and short-term memory (hip-

pocampus) (Figure 1.2). The consolidation stage is characterized by a shift towards greater 

bilingual control efficiency due to increased bilingual language proficiency. This leads to 

increases in structural brain connectivity (impacting white matter tracks) and in subcortical 

grey matter volumes (e.g., in the basal ganglia) and a return to baseline of cortical grey matter 

structures. Finally, the peak efficiency and final stage gears towards automatization of L2 

control and processing mechanisms. This is achieved via expansions in grey matter in the 

cerebellum and a shift from frontal to posterior brain connectivity. 

  

 

                                                
9 See 1.6.6 and 1.6.7 for a discussion on EEG and ERP components, respectively. 
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Figure 1.2 Overview of neural regions and white matter tracts as described in models of bilingualism and brain 

(adaptations mostly based on aspects of bilingual language experience) (Green & Abutalebi, 2013; Grundy et 

al., 2017; Pliatsikas, 2020; Stocco et al., 2014). The Conditional Routing Model (CRM) (Stocco et al., 2014) has 

not been reviewed in this thesis. The summary panel on the right represents the overlap in key brain structures 

implicated in bilingualism. Adopted from Gallo et al. (2022).  

 

Finally, the Unifying the Bilingual Experience Trajectories (UBET) framework 

(DeLuca et al., 2020) encompasses a more holistic view of experience-based individual adap-

tation on language control. It predicts that differential experience-based factor (EBF) trajecto-

ries modulate specific neurocognitive effects. Four categories of EBFs have been identified: 

diversity/intensity of L2 use (Beatty-Martínez et al., 2020; Grosjean, 2016; Gullifer & Titone, 

2020), language switching behavior (Hofweber et al., 2016; Muysken, 2000; Treffers-Daller, 

2009), relative proficiency (see DeLuca et al., 2018 for a discussion) and duration of L2 use. 

In turn, increase and reduction of engagement within these EBFs results in two general types 

of neurocognitive adaptations, grouped in changes in executive control demands and changes 

in the efficiency of handling these control demands. Finally, the authors posit how neurocog-

nitive adaptations manifest in the brain at the structural (cortical, subcortical and white mat-

ter), functional (electrophysiological and functional MRI measures) and cognitive (proac-

tive/reactive control, interference, suppression, switching/mixing costs) levels (Figure 1.3). 

Generally, a longer duration of L2 use and balanced proficiency results in increased efficien-

cy adaptations. On the other hand, increased intensity of use and frequent code-switching 

lean towards mainly increases in control demands. All these interactions and modulations are 

highly dependent on the socio-linguistic milieu where individual bilingualism is situated, 
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such that opportunities for bilingual engagement, intensity and amount will ultimately up- or 

downregulate cognitive, behavioral and brain outcomes.  

 

Figure 1.3 Suggested relationships between language experiences (blue boxes), brain processes (red boxes) and 

neurocognitive adaptations/measurable outcomes (green boxes). Different colored lines serve different purposes 

(Orange) adaptations related to executive control demands, (purple) represent adaptations related to increased 

efficiency, and (green) represent negative correlations. Newly hypothesized (within the UBET) connections 

between variables are represented with dashed lines. Reprinted from Deluca et al. (2020). Copyright 2020 by 

Elsevier. 

 

Even though these models approach the notion of bilingual language control from dif-

ferent, yet overlapping angles, they all converge in that they predict neurocognitive adapta-

tions to peak when the language and overlapping executive control systems need to adapt to 

meet increased linguistic/cognitive demands, leading to higher cognitive flexibil-

ity/automaticity. They also largely agree on the brain regions involved in these processes. In 

summary, subcortical structures are mainly involved in language selection and control. Fron-

to-parietal regions (e.g., ACC, IPL, IFG biliteral) are mainly implicated in regulating greater 

language control and processing demands. Finally, more posterior regions, including the cer-

ebellum (DRM) and occipital lobes (BAPSS) mostly relate to increased efficiency mecha-

nisms (Figure 1.2). Depending on the model, the extent of neurocognitive structural and func-

tional adaptations relates to exponents that proxy for intensity and temporal latency of dual 

language experience. On the other hand, when it comes to predictions on (individual) bilin-
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gual trajectories, models tend to diverge and capture different factors proposed to modulate 

brain adaptations. For instance, the ACH discusses adaptations based on intensity of L2 en-

gagement in different language settings, whereas the BAPSS and the DRM focus on changes 

of adaptations over time. Finally, the UBET takes a broader approach by comprehensively 

mapping the relationship between several EBFs and their resulting (dis)engagement by con-

text as a function of time. Finally, although these models do not make predictions or specifi-

cally speak about bilingual types, they all, to some extent (some more than others), engage on 

questions of bilingual language use, immersion and age of onset of bilingualism.  

1.5.3. Heritage Speakers in the Bilingualism and Brain Literature 

Little is known about mind/brain adaptations specifically within the linguistic and control 

systems of HSs (see Bice & Kroll, 2021 for a recent EEG study comparing heritage speakers 

to monolingual controls). Although there is little motivation to assume a priori that somehow 

HS bilingualism should result in wildly different effects, it is both a reasonable theoretical 

and empirical question to ponder how things might play out differently under contexts of 

early childhood bilinguals in a minority language contact situation precisely because experi-

ence with both languages at the individual level will exist on a rather wide and temporally 

dynamic spectrum. As one already knows that the linguistic outcomes of HSs attest variabil-

ity otherwise not appreciated in other sets of native speaker monolinguals or adult bilinguals 

(see 1.3.1), it is reasonable to assume that there could be some degree of significant variation 

in the cognitive domain as well. Although one might not expect this to be qualitatively differ-

ent from other types of bilinguals, there is likely to be quantitative differences, especially 

across individual HSs themselves precisely because their engagement with their languages 

can vary so much.  

Addressing (among other things) cognitive control questions, Wattendorf et al. (2012) 

used functional Magnetic Resonance Imaging (fMRI) to investigate the impact of early bilin-

gualism on the organization of language and control brain networks. They tested two groups 

of adult multilinguals (early versus late bilinguals) on a narrative task and observed differ-

ences between the two groups in the left fronto-striatal network (more active in the early bi-

linguals) and left posterior superior temporal gyrus (more active in the late bilinguals). They 

proposed that the early acquisition of two linguistic systems has pervasive effects on brain 

networks argued to be responsible for the regulation of language/cognitive control in bilin-



Thesis Introduction 

 

   

 

30 

guals at different processing levels (i.e., cortically and subcortically). Similarly, other studies 

have found neuroimaging evidence supporting differential developmental paths for early ver-

sus late bilinguals. For example, Berken and colleagues (2015, 2016a) found that very similar 

brain structures get routinely recruited by the two groups for speech in both languages, but 

substantial differences were found at levels of functional connectivity (measured by resting 

state fMRI). Thus, although structurally the same, patterns of language experience (crucially 

for the HS question at hand, AoA) may determine the development and trajectories via modu-

lations of brain connections to achieve (similar) second language proficiency in early and late 

bilingualism (see Berken et al., 2017 for a review). These few studies already lay the ground 

for understanding that although the act of bilingualism and engagement with its experiences 

is important for neurocognitive development and language corollaries, the timing (age) of 

acquisition is also important, if not crucial when interactive with other contributory factors.  

1.5.4. Bilingualism and the Brain Models: Connections to Study II and III 

With the above as a backdrop, Studies II and III explore questions of (heritage) bilingualism 

related to cognitive control and language experiences. Via resting state and task-based oscil-

latory EEG measures, it is highlighted, especially in Study III, how individual differences in 

experience with bilingualism matter par excellence. Individual differences in HSs versus 

adult L2 learners suggest that something deterministic for AoA exists, as it constantly relates 

to differential patterns of outcomes in neurocognition.  

1.6. Contextualizing Key Concepts 

In order to facilitate the reader’s global understanding of this thesis, several crucial concepts 

not otherwise thoroughly conceptualized are expanded below.  

1.6.1. Heritage Speakers and Control Participants 

The HSs participants from Studies I, II and III are HSs of their parent’s first language (Italian 

in the case of this thesis). This is the case because they have been naturalistically exposed 

from birth to Italian at home (either from one or both parents), and as the present study took 

place in Germany, Italian (the heritage language) is not a majority language in the wider so-

ciety (see related discussions in Polinsky, 2018; Rothman, 2009). In addition, the HSs acquire 
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the societal majority language (in this case German) either from birth (when one of the par-

ents is a native speaker of that language) or later once they formally start education, i.e., 

when they enter kindergarten or school (which means that both parents are native speakers of 

their heritage language). In the studies herein, both types of HSs, simultaneous and succes-

sive (learners of the majority language) are included within the terms of these definitions (see 

Kupisch & Rothman, 2018; Montrul 2008, 2016; Polinsky, 2018).  

The term “control participants” in the title of this subsection is somewhat misleading, 

since the German and Norwegian “controls” tested for Studies II and III are in fact bilingual 

speakers too (L2 learners of a foreign language, i.e., one that is not a majority language of the 

society or a native home language). They grew up as members of a monolingual society (at 

least for them in the relevant sense), that is, clearly only speaking German or Norwegian as a 

native language and learned their subsequent language(s) (with English being mostly the first 

foreign language learned in German and Norwegian schools) formally in a classroom envi-

ronment. However, given that empirical data in the field of bilingualism and the brain has 

shown that a more appropriate way to quantifying and qualifying bilingualism is to treat it 

(and therefore bilingual speakers) as a continuum (of experience and engagement with dual 

language use), I refrain from treating the “controls” herein as if functionally monolinguals. 

Instead, all participants were collapsed into one “bilingual sample” (at least initially, see 

Study III) and measures of bilingual language experience and engagement were used as re-

gressors to quantify how these modulate brain electrophysiological correlates. The notion of 

“control participants” has a better place and understanding in Study I, where the German 

speakers are a comparison group for the HBs.  

1.6.2. L3 Acquisition 

The term L3 mostly refers to the learning and acquisition of a third chronological language. 

As highlighted above, third language can refer to the first foreign language (for example 

when looking at the heritage Italian speakers in Study I) and, therefore, differ from other 

studies which use L3 to refer to a second foreign language (when looking at monolingually-

raised speakers) (e.g., Angelovska, 2017; Borg, 2013). In the case of Study I, the third lan-

guage is a natural mini language based on Latin vocabulary and two grammatical properties 

(see Sanz et al., 2015, 2016 for a similar Latin ab initio paradigm in language learning). 

These are Case morphology (focused on the accusative form), which is similar to German at 
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the underlying level of formal features (although distinct as to how it is expressed, articles in 

German and on synthetic, bounded morphology on the noun itself in Latin), and the position 

of the adjective in relation to the noun (mostly if not always prenominal in Germanic lan-

guages and postnominal in Latin and Italian) (Conte et al., 2017; Van de Velde et al., 2014). 

Therefore, in Study I, the early bilingual native speakers of Italian (mostly the L1) and Ger-

man (mostly the L2) were exposed for the first time (see González Alonso & Rothman, 2017 

and Rothman et al., 2019 for multifarious and in-depth discussions on the importance of ini-

tial stages of L3 acquisition) to the Mini-Latin language. Behavioral and ERP measurements 

(N400 and P600 – see 1.6.7) were assessed to evaluate possible transfer effects (González 

Alonso et al., 2020 and Rothman et al., 2015 for previous work conceptualizing an EEG 

methodology specifically). 

1.6.3. Defining Bilingualism vs Multilingualism 

The very concepts of bilingualism and multilingualism have been at the center of long-lasting 

discussions in the field of linguistics for a very long time (Bloomfield, 1933; Thiery, 1978; 

Weinreich, 1953). Early definitions of bilingualism, for example, were extremely biased to-

wards monolingualism, i.e., a true bilingual speaker needed to have a complete (equal) con-

trol over both languages. However, it is not so simple to measure the full spectrum of capaci-

ties in a language, and this early definition only accounted for proficiency criteria, without 

considering other (non)linguistic dimensions. Especially insightful in this regard was the real-

ization that a bilingual is not the total sum of two monolinguals, i.e., it is somehow mislead-

ing to appraise language skills of bilinguals compared to monolingual standards (Cook & 

Bassetti, 2011; Grosjean, 2010). And so, over time, the notion and classification of a bilin-

gual speaker became broader and more flexible, conceptualizing bilingualism as a continuum 

rather than a category, for example by considering criteria within their historical/political, 

neuroscientific and economic contexts (DeLuca et al., 2019; Deweale, 2015; Flores & Garcia, 

2013; Gollan et al., 2011; Wei et al., 2002).  

Even more complicated is the distinction between bilingualism and multilingualism. 

Accounts exist supporting both sides of the coin: (i) bilingualism as an umbrella-term cover-

ing any number of languages after the first one (Aronin & Singleton, 2008; Wei, 2008), es-

sentially advocating for a monolingual versus not monolingual split (or, often, inadvertently 

pooling all participants speaking more than one language in one “bilingual group”) and (ii) 



Thesis Introduction 

 

   

 

33 

bilingualism and multilingualism as separate entities (the study of two languages vs anything 

including and beyond three languages) (see discussion in Cenoz, 2003, 2013; Cenoz & Gene-

see, 1998; De Angelis, 2007; Dewaele, 2015; Kemp, 2009; Rothman et al., 2013; Rothman et 

al., 2019). Importantly, classifying speakers only on the sheer number of known languages 

might be imprecise and misleading, since it does not take into consideration the individual 

knowledge and use in each language separately (Baker, 2011; Bassetti & Cook, 2011; 

Dewaele & Stavans, 2014). Let’s take speaker A as an example. This person claims to know 

six languages (sextalingual), but in practice he/she only uses one or two on a daily basis (the 

others were acquired in school settings and only seldomly used). Speaker B, on the other 

hand, knows three languages (trilingual) but he/she is very fluid in all three of them because 

he/she needs to constantly use them. It would be unfair to argue that speaker A is a stronger 

multilingual individual than speaker B, although the individual number of languages acquired 

would claim otherwise (Dewaele, 2015; Rothman et al., 2019; Skutnabb-Kangas & McCarty, 

2008 for related discussions). For the purposes of this thesis, to avoid any confusion, and 

because it is asserted (and shown herein) that from an acquisitional and cognitive perspective 

two languages in the brain is different from three, the term bilingualism is used to indicate 

speakers with knowledge and use of two languages, whereas multilingualism is employed to 

indicate those speakers who use three (or more) languages (Butler, 2013; De Groot, 2011; 

Kemp, 2009; Rothman et al., 2019). 

1.6.4. Transfer versus Crosslinguistic Influence (CLI) 

Subject of long debate in linguistics is the distinction (or not) between crosslinguistic influ-

ence (CLI) and transfer effects (Odlin, 1989). CLI is mostly defined as the influence that 

knowledge of one language in bilingual speakers’ minds has on the learning and/or use of 

other language(s) and vice versa (Jarvis & Pavlenko, 2008; Serratrice, 2013; Sharwood Smith 

& Kellerman, 1986) and it has been observed in (almost) all domains and aspects of lan-

guages (Odlin, 2003, 2005). Importantly, it encompasses various linguistic phenomena, in-

cluding (positive and negative) transfer, underproduction (avoidance), borrowing, interfer-

ence (such as attrition effects – see Bardovi-Harlig & Stringer, 2010 for a review) (Sharwood 

Smith & Kellerman, 1986).  

On the other hand, especially among certain scholars (see Herdina & Jessner, 2002; 

Paradis, 2004; Rothman et al., 2019), transfer assumes an intrinsic significance bounded to 
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instantiations of interlanguage influences reflected at the level of competence (and not per-

formance), more specifically referring to the coping of linguistic representations of one lan-

guage to the other (e.g., Schwartz & Sprouse, 1994, 2013; White, 2003). As a consequence, 

to be considered transfer a specific pattern needs to be shown consistently (reflecting compe-

tence) and not limited to performance-based interlingual influence, as it is the case with CLI 

(example of “slip of the tongue”, Rothman et al., 2019). Under such a view, thus, CLI is dis-

tinct and refers to influence that is underlying processing based (and ideally would be condi-

tioned, if not predicted, by processing costs), but not at the level of grammatical representa-

tion. To avoid any controversies and confusions, I have chosen to use here transfer when 

referring to the direct coping of linguistic representations and CLI when referring to crosslin-

guistic influence more broadly.  

1.6.5. Bilingual Language Experience Factors  

Some relevant interconnected concepts that are constantly reiterated in the next chapters – 

Language experiences and language use, proficiency, dominance and more – need to be ade-

quately addressed. “Language experiences” comprise a whole array of measures that attempt 

to describe and holistically capture bilingual language variance and use in the two (or more) 

languages across the lifespan. In the present thesis, these bilingual experiences are operation-

alized as a compound score calculated by scoring and weighting numerous questions from the 

Language and Social Background Questionnaire (LSBQ) (Anderson et al., 2018b) and subse-

quently used as regressor predictors for neural data. Given that the LSBQ was originally cre-

ated to tap language use and experiences in late bilingual speakers, the original questionnaire 

has been slightly tweaked to better reflect the nature of the HSs participants (see Appendix B) 

herein. This was done by integrating questions from a background questionnaire largely em-

ployed in our lab (e.g., Llyod-Smith et al., 2019). These EBFs, which are experiencing in-

creasing use in the bilingualism neurocognitive literature are, among others, L2 age of Acqui-

sition (L2 AoA), Amount of language use at home (Home) and social/community (Social) 

settings, L1 and L2 proficiency and L2 length of immersion (e.g., Abutalebi et al., 2013; 

DeLuca et al., 2019; Kuhl et al., 2016; Pliatsikas et al., 2021; Rossi et al., 2017).  

Language proficiency is used to refer either to self-assessed (via the LSBQ) or evalu-

ated via objective measures (see below) participants’ performances in their respective lan-

guages. The objective measures comprise a vocabulary-based yes/no task for German and 
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Italian (based on the DIALANG; Alderson, 2005 and employed in Llyod-Smith, 2019) (see 

Appendix C, Table C1) and a similar test (LexTALE; Lemhöfer & Broersma, 2012) for Eng-

lish (see Appendix C, Table C2). Task-based proficiency measures allow for direct compari-

sons across the participant’s languages (especially the use and proficiency of English, being it 

the common language across all groups, is particularly relevant in cross-discussions between 

the bilingual types - see Chapters 3 and 4).  

Finally, although not directly measured, linguistic dominance becomes an important 

point of discussion given particular properties of heritage bilingualism. Generally, in adults, 

HSs’ grammars in the ML tend to converge more to a “monolingual-like state” than it is the 

case of the HL, which is much more subject to fluctuations of input, exposure, use and more 

(Kupisch & Rothman 2018; Montrul, 2008, 2016, 2018; Rothman, 2009; Rothman & 

Treffers-Daller, 2014). This notion is very relevant and discussed in depth throughout all 

studies in this thesis. 

1.6.6. Neural Oscillations, Resting State and Time-Frequency Representations 

Although the first human EEG measurement dates back to 1924 (Berger, 1929), it was only 

in recent years—over the past several decades—that a specific analysis technique, i.e., the 

spectral decomposition and subsequent analysis of the EEG recording signal, has begun to be 

employed in psycho-/ and neurolinguistic studies (see Prystauka & Lewis, 2019 for a review 

on language processing in sentence comprehension). Let us take a step back to better appreci-

ate what exactly EEG is, what it measures, how it does it, and finally what information can be 

extrapolated from its signal.  

The brain is “alive” and active all the time, allowing one to see, hear, breath, think, 

dream, and much more, absorbing, processing and re-connecting past, present and future in-

formation and integrating everything into the life experience(s) one gets to live. This and 

much more is achieved via highly complex, interconnected and precise systems, and substan-

tially comes down to a continuous transformation of chemical to electrical signal and vice 

versa. This is made possible by means of neuronal activity and facilitated by glial cells (Fig-

ure 1.4A). Neurons across the brain are interconnected and communicate via synapses. Syn-

aptic activity generates very subtle electrical bursts generally referred to as postsynaptic po-

tential. Although the signal of one single neuron is practically undetectable without direct 

contact with it (see electrocorticography (ECoG) for a different technique, Ajiboye & Kirsch, 
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2018), it is the resulting sum of the postsynaptic activity of thousands of neurons and its gen-

erated electrical field that is picked up by EEG electrodes placed on the scalp (Holmes & 

Khazipov, 2007; Kirschstein & Köhling, 2009). More specifically, EEG measures the super-

position of postsynaptic currents produced by similarly oriented pyramidal neurons in the 

outer layers of the cerebral cortex (Olejniczak, 2006) (Figure 1.4B).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Neural oscillations, or so-called brainwaves, are the resulting rhythmic and periodic 

patterns of neuronal activity generated by cells in the central nervous system as described 

above. Although brainwaves are constantly generated even at the single neuron level (via 

membrane and/or action potentials), it is again the synchronized activity and continuous 

feedback of neural ensembles that results in their firing synchronization and, therefore, in 

detectable (at the scalp level) brainwave patterns at different frequencies (Buzsáki & Dra-

guhn, 2004). Large-scale oscillations (generated by a large group of neurons) picked up by 

the EEG system carry a large spectral/noise content (similar to pink noise of biosystems, see 

Szendro et al., 2001), but also oscillatory activity in measurable frequency ranges. This in-

formation is derived from the EEG row signal by computing a spectral analysis on the data, 

i.e., by applying a series of Fourier transformations to decompose the time information of the 

signal into its constituent oscillatory frequency components, by means of simple oscillatory 

A B 

Figure 1.4 (A) Schematical (and simplified) representation of the chemical milieu in the brain. Neurons are 

depicted in yellow. A synapsis is shown between the two neurons on the right. Axons are insulated via a myelin 

sheath (produced by oligodendrocytes) to allow the electrical signal to be transmitted quickly and efficiently 

along nerve paths. Different types of glial cells (astrocytes, microglia and oligodendrocytes), primarily needed 

and recruited for neuronal support and protection mechanisms, are shown. (B) Representation of the production 

and collection of the EEG signal. Figure 1.4A: https://www.sciencenewsforstudents.org/article/scientists-say-

glia; assessed on 05.02.2022. Figure 1.4B: adopted from Adjamian (2014). 

https://www.sciencenewsforstudents.org/article/scientists-say-glia
https://www.sciencenewsforstudents.org/article/scientists-say-glia
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functions (cosines and sines). This is called frequency analysis and results, after separations 

based on their oscillatory rates, in a power spectrum (spectrogram – see Figure 1.5) com-

posed of five rhythms/frequency bands: delta (1–4 Hz), theta (4–8 Hz), alpha (8-12 Hz), be-

ta (13–30 Hz) and gamma (30–150 Hz) (Buzsáki, 2006). Keep in mind, however, that these 

frequency thresholds might slightly change from study to study. Generally speaking, high 

frequencies have been associated with local brain communication, whereas low frequencies 

are used for long-distance processing (Von Stein & Sarnthein, 2000). Furthermore, frequency 

bands have been associated with several cognitive-related mechanisms, such as working 

memory (Miller et al., 2018), inhibition (Jensen & Mazaheri, 2010; Klimesch et al., 2007), 

awareness/consciousness (Bagherzadeh et al., 2020; Engel & Singer, 2001; Varela et al., 

2001), speech/language processing (Giraud & Poeppel, 2012; Prystauka & Lewis, 2019), 

bilingualism (Bice et al., 2020; Pereira Soares et al., 2021) and more (see Studies II and III 

for further information).  

Resting state EEG (rs-EEG) measures the intrinsic neurophysiological activity which 

is not directly elicited through an assigned task, i.e., brain activity that is measured at rest 

(see Figure 1.5 for a spectrogram of a five minutes eyes-closed rs-EEG derived from Study 

II). Task-free brain oscillatory activity has been associated with overall brain functioning and 

is an indicator of neural readiness. This is thought to facilitate the integration of past infor-

mation into brain networks for further (future) processing (e.g., Raichle & Snyder, 2007). 

Interestingly, rs-EEG power activity constantly shifts over the lifespan, from infancy to pu-

berty and adulthood, likely accompanying more general brain development (Anderson & 

Perone, 2018; Boersma et al., 2011). The two most widely used ways of looking at rs-EEG 

data are power analysis and mean coherence. Power spectral density (or simply power) refers 

to the degree of power activity within each frequency band across the whole scalp. Mean 

coherence (or functional connectivity) describes statistic interdependencies either between 

single electrodes or between electrodes within pre-specified regions of interest (ROIs) and 

refers to the degree of functional connectivity between these items (Anderson & Perone, 

2018; van Diessen et al., 2015). The result of this analysis is a matrix of values in the range 0 

to 1, where the higher the value is, the stronger is the connectivity. Rs-EEG measures have 

been related to many different (cognitive) aspects, such as cognitive decline in Alzheimer’s 

disease and mild cognitive impairment (Cassani et al., 2018; Meghdadi et al., 2021; Stam et 

al., 2005), abnormalities in autism disorders (Heunis et al., 2018; Murias et al., 2007; Wang 

et al., 2013), memory consolidation (Brokaw et al., 2016; Jabès et al., 2021), schizophrenia 
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(Kam et al., 2013; Sponheim et al., 2000) (multilingual) language learning, processing and 

use (Kliesch et al., 2021; Pereira Soares et al., 2021; Prat et al., 2016, 2019), and more. Refer 

to Study II for complementary information. 

 

In a time-frequency representation (TFR) analysis, the changing power spectrum is 

assessed and continuously measured during short time segments over a period of time (usual-

ly time-locked to specific trials of interest). Therefore, the signal is represented over both 

frequency and time aspects (Gröchenig, 2001; Sejdić et al., 2009) and is usually computed 

when a cognitive task has been assigned (Papandreou-Suppappola, 2018). Moreover, when 

looking at the EEG response locked to experimental events, two different kinds of oscillatory 

activity changes can be observed: phase-locked (evoked) and non-phase-locked (induced). 

Time-locked oscillatory activity is bound to specific events, while this is not the case for non-

phase-locked activity. In fact, induced activity (i.e., indigenous spontaneous oscillations) con-

tinuously occur even when external experimental stimuli are not present and, crucially, their 

event onset phase fluctuates throughout the experiment. It follows that applying averaging 

techniques across trials will reduce (or cancel) induced inherent brain responses (as for ex-

ample with ERPs - see 1.6.7). TFR analysis permits to observe brain states changes in real 

time while participants are engaging in a task, thus allowing the precise investigation of cog-

nitive states that characterize the specific task of interest. This can be resumed by looking at 

total power (induced and evoked), only evoked (e.g., ERPs) or only induced (i.e., by subtract-

Figure 1.5 Typical human spectrogram. The different colors represent the different frequency bands. The 

black line represents the amount of power within each frequency. 
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ing the evoked activity from the total activity before averaging per condition). The latter is 

mostly employed when researchers are interested in investigating coupling and decoupling of 

functional (network) brain dynamics (Varela et al., 2001). The TFR analysis has been widely 

used in cognitive neuroscience and psychology, for example in studies investigating higher 

cognitive functions (e.g., Düzel et al., 2003 and Jensen & Tesche, 2002 for memory aspects; 

Kirmizi-Alsan et al., 2006 and Muller & Anokhin, 2012 related to attention and inhibition; 

Litcofsky & Van Hell, 2017 and Moreno et al., 2015 for language) and lifestyle enrichments 

experiences (Ahani et al., 2013 and Fulpatil et al., 2014 for meditative activity; Calvo & Bi-

alystok, 2021 and Pereira Soares et al. (in preparation) for bilingualism). Turn to Study III for 

further complementing information. 

1.6.7. Event-Related Potentials (ERPs) 

Event-related potentials (ERPs) is a widely used method to extract cognitive, sensory or mo-

tor meaningful information from the EEG signal (see Luck, 2014). Because the EEG signal is 

mostly very noisy and reflects uncountable different brain processes happening simultaneous-

ly, the information researchers try to quantify is not readily available. In order to observe the 

brain response to a specific stimulus of interest, the signal-to-noise ratio needs to be in-

creased. This is achieved by conducting many trials of the same type and averaging them 

together, leading to the washing out of random brain activity and the survival of a time-

locked waveform of interest, called ERP (Rugg & Coles, 1995; Luck, 2005). Many different 

ERP components (systematic, reoccurring voltage fluctuations) have been identified, which 

reflect one or several underlaying undergoing computational operations automated by neuro-

anatomical networks (cf. Näätänen & Picton, 1987). They consist of a series of positive and 

negative wave voltage deflections and are mostly referred to by either the letter P (positive 

deflection) or N (negative deflection) followed by a number (indicating the amount of post-

stimulus time in milliseconds). Other components are referred to by acronyms (see, for ex-

ample, LAN – left anterior negativity and MMN – mismatch negativity). A common ap-

proach to determine if a target word in a sentence leads to modulations of a specific compo-

nent relative to control words is to look at mean amplitude effects in predetermined time-

windows of interest (e.g., 300–500 ms for the N400 component and 600–900 ms for the P600 

component) and electrode regions (frontal, central, parietal, medial, occipital and combina-

tions of these – e.g., fronto-central). This is then compared across psycholinguistic studies to 
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determine possible (neurocognitive and linguistic) functional roles of the component(s) of 

interest (e.g., Brouwer et al., 2012; Kuperberg, 2007)10.  

The N400, typically maximally observable over centro-parietal electrode sites and 

traditionally reflecting among others meaningful (semantic) visual and auditory stimuli such 

as words, the P600, mostly elicited by visual or auditory syntactical incongruities in sentence 

processing and detectable over fronto- and centro-parietal electrodes, and the (E)LAN (Early 

Left Anterior Negativity), an early negativity also mostly arising through syntactic animali-

ties (although rather earlier than the P600 and mostly over left anterior regions), are the three 

most studied components in psycho- and neurolinguistics of language processing (Kutas et 

al., 2006 and Swaab et al. (2012) for reviews)11 (Figure 1.6).  

Studies looking at neurocognitive effects of bilingualism using EEG have identified 

the following components related to increased effort required on highly demanding trials or 

situations in the performance of executive tasks: the fronto-central N200 and the fronto-

central/parietal P300, which are mostly associated with information updating, attentional and 

inhibition processing costs (e.g., Groom & Cragg, 2015; Heil et al., 2000; Kropotov et al., 

2016; Larson et al., 2014), the error-related negativity (ERN), which indexes conflict moni-

toring activity (e.g., Botvinick et al., 2001; Gabrys et al., 2018; Yeung et al., 2004) and the 

N450, which reflects conflict monitoring as well as inhibition (Larson et al., 2014; Liotti et 

al., 2000; Zahedi et al., 2019) (see Céspon & Carreiras, 2020 for a review on bilingualism, 

cognition and EEG).  

 

 

                                                
10 See Brouwer and Crocker (2017) and Delogu et al. (2021) for a discussion on the latent component structure 
(cf. Luck, 2005) in psycholinguistics and why selecting specific windows of interest might sometimes obscure 
(due to spatiotemporal component overlap) relevant information and lead to inconsistencies in the datasets.  

11 See Brouwer et al. (2017) for a current discussion on different models (e.g., the Retrieval–Integration (RI) 
model - Brouwer et al., 2012; Brouwer & Hoeks, 2013), which try to complete the more traditional view on the 
meaning of the N400 and P600 in psycholinguistics. The RI states, for example, that the N400 component in-
dexes word meaning retrieval from semantic memory, whereas the P600 component reflects meaning integra-
tion/interpretation into the unfolding utterance (Delogu et al., 2019). 
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Figure 1.6 Event related potentials (ERPs) and derived components. 

 

Due to the properties of electrophysiological signals, ERPs (and in general EEG 

measures) comprise a continuous, very precise and temporally excellent resolution technique 

of brain processing and response to stimuli, making EEG a valuable complementary method-

ology to behavioral and (f)MRI techniques.  

1.7. Overarching Research Questions  

Although every single one of the empirical studies herein presents their own research ques-

tions and predictions, some overarching ones are offered here in order to tie-up the thesis 

(and its – at least conceptually – different topics) as a whole. In view of the literature exposed 

above on the two main topics of this dissertation (heritage multilingual language acquisition 

and bi-/multilingual engagement effects on the brain), the following research questions/ hy-

potheses are posited:  

 

1) First, what light can heritage bilingualism shed on L3/Ln acquisition and processing 

and how the study of this bilingual subgroup contributes to a better understanding of 

patterns of neurophysiological brain data in multilingualism. 
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2) Following this, second, do patterns of domain-general cognition add new information 

towards explaining multilingual language acquisition, i.e., how bilingual learners ap-

proach - mentally and cognitively - a new language, and vice versa?  

3) And third, can effects (both at the acquisition and at the neurocognitive levels) in 

HSs be explained as a function of time spent in the bilingualism mode (AoA) and/or 

other experience variables with dual language engagement, thus as an advantage (or 

not) of early language learning and increased (implicit) language awareness?  

 

In light of the literature presented above, data from HSs are expected to allow for a 

better understanding and different, complementary interpretations in both multilingual lan-

guage acquisition and neurocognition (say, for example, in comparison to L2 learners alone). 

Furthermore, I posit to observe patterns of domain-general cognition in the EEG data and 

these to (potentially) correlate with acquisitional findings. Lastly, age of acquisition of the 

2L1/L2 is anticipated to be a deterministic factor in the findings. I return to these points in the 

general discussion (Chapter 5).  

1.8. Thesis Outline 

The current thesis consists of the following chapters: background and overall introduction 

(Chapter 1), three empirical studies (Chapters 2, 3 and 4), a general discussion covering the 

questions from 1.7 above (Chapter 5) and a concise, general conclusion (Chapter 6). The em-

pirical Studies II and III are co-authored studies that have been either accepted for publica-

tion (Study II) or under review/revision (Study III) in international peer-reviewed journals. 

Due to the ongoing Covid-19 pandemic and, therefore, the resulting testing limitations in 

Germany, data collection for Study I has not been completed to ideal numbers (for statistical 

power) on time for the manuscript to be submitted to a journal prior the writing of this thesis. 

Nevertheless, Chapter 2 has been written and structured in a way to match stylistically Chap-

ter 3 and Chapter 4 and it will serve as the outline for a future publication. In order to allow a 

grater cohesion and fluency of the thesis, some parts of Studies II and III have been slightly 

reorganized. The complete information about the publications is indicated at the beginning of 

each chapter and an overview table depicting each co-author’s contribution to the chapters in 

their current form is provided in Appendix A (Table A1).  
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Data for all studies were collected either at the University of Konstanz, Heinrich 

Heine University Düsseldorf or University of Cologne within the framework of the Multi-

MIND European Horizon 2020 project as well as at the University of Tromsø in Norway as 

part of a larger project in the Psycholinguistics of Language Representation (PoLaR) lab. 

Participants in Germany (heritage speakers of Italian leaving in Germany and German L2 

learners) were invited to the lab for two separate sessions and undertook a series of linguistic 

and cognitive tasks (see Table 1.1). Participants were first asked to fill out a revised version 

of the LSBQ (Anderson et al., 2018b; see Appendix B for the German revised version to fit 

heritage bilingualism). After performing the DIALANG language proficiency placement bat-

tery test (Alderson, 2005, p. 80, available on https://dialangweb.lancaster.ac.uk/), adapted for 

German and Italian, and the LexTALE (Lemhöfer & Broersma, 2012), participants under-

went 10 minutes of rs-EEG (see Study II for further information). The first session terminated 

with two tasked-based cognitive EEG paradigms (a Flanker task depicted in Study III and a 

n-back task) and the first session of the Mini-Latin language vocabulary learning (part of 

Study I) with a short final test to assess their learning performance. After two to ten days of 

consolidation time, participants were invited back into the lab. During the second session, 

participants were exposed again to the same Mini-Latin vocabulary and performed for the 

second time the learning test. If they scored 80% or more in this task, they moved to the next 

part of the L3 experiment. Before that, they still performed a second rs-EEG (post-memory 

consolidation session). The second part of the L3 experiment consisted of an implicitly train-

ing phase, where participants were exposed to grammatically correct sentences of the Mini-

Latin grammar (see González Alonso et al., 2020 for a similar paradigm and Study I for more 

information). If participants scored more than 80% in a sentence-picture matching task, they 

moved on to the grammatically judgment Task (GJT) ERP experiment. Otherwise, they were 

given a second chance and were re-exposed to the training and test task. Finally, participants 

performed the GJT (were both grammatically correct and incorrect sentences were presented) 

while EEG was recorded (see Study I). Data for Study II comprises, together with the sample 

described above, also participants from a Norwegian cohort acquired at the UiT - The Arctic 

University of Norway in the laboratory of Prof. Jason Rothman. The “Norwegian” EEG set-

tings and rs-EEG recording parameters were the same as the “German ones” (see Study II - 

Chapter 3). In the present thesis, only data from the L3 transfer project (Study I), the first rs-

EEG session (Study II), and the executive functions Flanker task (Study III) is presented.  
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Table 1.1 Overview of the tasks of the whole PhD program.  

 Test Description 

Session #1 

LSBQ (revised) Language and Social background Questionnaire 

DIALANG & LexTALE 
Language tests to attest general language abili-

ties in Italian, German and English 

Resting State EEG(1) 
To assess resting state brain oscillations pre-

learning. 

Executive function task 
Flanker task to access executive function per-

formance. 

Working Memory task 
n-Back task: sequential letter memory task to 

access working memory performance. 

Latin vocabulary learning Learning of 28 Latin words (quiz paradigm). 

2 to 10 days after the first session 

Session #2 

Latin vocabulary learning 
Refreshing of the 28 Latin words (quiz para-

digm). 

Resting State EEG(2) 
To assess resting state brain oscillations post-

learning. 

Grammar Learning Task 
To expose participants to the Mini-Latin gram-

mar. Sentence-picture matching task at the end. 

Grammatical Judgment Task 

+ EEG 

After passing the quiz in the second session, 

participants were admitted to the EEG task 

(grammaticality judgment task while measuring 

EEG). 

Case and adjective order 

comprehension task 

To make sure that the participants had the 

knowledge of the two linguistic domains. 

 

The chapters of this dissertation are organized as follows (refer to the Table of Con-

tents at the beginning of this thesis for a more detailed outline). Chapter 1 (the current one) 

has provided an overview and introduction on several overarching aspects that are touched 

upon and or otherwise relevant for the subsequent understanding of the thesis. Chapter 2 

(Study I) examines L3 transfer effects in a natural mini language (Mini-Latin) paradigm 

where morphological Case and adjectival position in the sentence have been selected as lin-

guistic domains of interest. Data were examined by means of behavioral (RTs) and neuro-

physiological (EEG) correlates. Chapter 3 investigates resting state EEG brain oscillatory 

measures at rest (both power and functional connectivity) in a pool of diversified bilinguals 

to address questions of bilingualism related brain adaptations and language experiences. 

Chapter 4 is concerned with similar questions as Chapter 3, but this time EEG was recorded 

on a task-based paradigm. Specifically, I am interested in how bilingual and multilingual 
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speakers’ brains are modulated by language experiences via measuring language control and 

inhibition (Flanker task). Finally, Chapter 5 provides an overview of the findings, it elabo-

rates on the general research questions of this thesis and presents a global discussion of po-

tential theoretical and practical implications. The thesis ends with a conclusion in Chapter 6.  
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2. Study I: Testing Potential Transfer Effects in Heritage and 

Adult L2 Bilinguals Acquiring a Mini Grammar as an 

Additional Language: An ERP Approach12 

 

Abstract 

Models in the L3/Ln field differ with respect to how they envisage degree (holistic vs. selec-

tive transfer of the L1, L2 or both) and/or timing (initial stages vs. development) of how 

source languages’ influence unfolds. This study uses EEG/ERPs to examine these theories 

bringing together two types of bilinguals exposed to a novel L3/Ln (Mini-Latin) paradigm 

under the same conditions, namely heritage speakers (HSs) L3 learners (Italian-German HSs, 

English as L3, n = 15) compared to adult L2 learners (L1 German, L2 English, n = 28). Par-

ticipants were trained on a selected Latin lexicon over two sessions and, afterward, on the 

grammatical properties of inquiry (Case, which is similar between German and Latin and 

adjective/noun word order, which has comparable properties between Italian and Latin). Par-

ticipants were tested via EEG/ERPs to investigate underlying grammar processing and mor-

phosyntactic representations (i.e., either biphasic (N400)-P600 or P600-alone effects for vio-

lations). Neurophysiological findings showcase a N200/N400 deflection for the HSs in Case 

morphology and a P600 effect for the German L2 group in adjectival position. None of the 

current L3/Ln theories would have predicted the observed pattern of results, which, as ar-

gued, questions the appropriateness of using this method for adjudicating between the exist-

ing models rather than anything specific about the models themselves. Nevertheless, the pat-

terns of results are illustrative of differences in how HSs and L2 learners might approach the 

very initial stages of additional language learning, implications of which are discussed.   

 

                                                
12 A similar version of this section is published as Pereira Soares, S. M., Kupisch, T., & Rothman, J. (2022). 
Testing potential transfer effects in heritage and adult L2 bilinguals acquiring a mini grammar as an additional 
language: An ERP approach. Brain Sciences, 12(5), 669. 
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2.1. Introduction 

A crucial difference between modeling second and third language acquisition is the number 

of previously acquired mental grammars/languages the learner (or internal parser) has availa-

ble for transfer selection. In other words, when one starts learning a second language, transfer 

(i.e., influence between languages at the representational level) or crosslinguistic effects (i.e., 

representational and non-representational influence between languages) can either come from 

the L1, or from no source at all (e.g., Bley-Vroman, 1989; Odlin, 1989; Schwartz & Sprouse, 

1996; White, 1989, 2003). In contrast to the situation just described, understanding and cap-

turing transfer in an L3/Ln environment is more convoluted, given that more factors can af-

fect transfer mental processes. These are, for example, the number of sources (none, transfer 

from the L1, from the L2, or a combination of both) (Cenoz, 2003, 2012; Jaensch, 2013), the 

timing in acquisition (ab initio versus development), the differential impact multilingualism 

might elicit on language and cognitive development, the nature of the context of previous 

language learning and more (see Rothman et al., 2019). Therefore, even if the underlying 

language processes and cognitive mechanisms might fundamentally not deviate much from 

each other, it has been posited that L2 and L3/Ln acquisition are different entities that need to 

be understood as two separate fields of study (Cenoz et al., 2001b; González Alonso et al., 

2017; Rothman et al., 2013). 

Literature on third language acquisition existed already in the 1980s, where scholars 

examined L3/Ln transfer effects mostly from a lexicon perspective (Ringbom, 1987; Single-

ton, 1987; Thomas, 1988), and generally with a strong applied linguistic turn (see De Ange-

lis, 2007 for a review). Similar work looking at crosslinguistic effects in multilingual contexts 

continued to be proposed in the 90s and early 00s, although mostly never referred to and/or 

not fully conceptualized in the form of a “model” (Cenoz, 2001b; Hammarberg, 2001; Hufei-

sen & Lindemann, 1998; Williams & Hammarberg, 1998). Before the advent of the formal 

models of L3/Ln acquisition and transfer, further work advanced in the same period mostly 

submitted an advantageous position of the L1 as source language (Hermas, 2010; Leung, 

1998, 2002; Lozano, 2003). This position was taken under the assumption that the processing 

of the native language (L1) is strongly automatized (Ringbom, 1987). Therefore, a privileged 

role was assigned to the L1 as compared to the L2. This account has been recently mostly 

discarded, since a considerable amount of work has demonstrated otherwise (see review from 

Puig-Mayenco et al., 2020). 
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2.1.1. L3/Ln Literature: Models and HSs  

Given the general interest in the early 2000s (following SLA literature and initial work on 

multilingual effects – see the introduction above and 1.4.1) related to questions of L3/Ln in-

terlanguage acquisition and transfer, there was the need to better categorize, understand and 

explain the linguistic and biological underpinnings driving L3/Ln morphological effects. The 

field was ripe for the advent of theories and formalizations of L3/Ln interlanguage processes. 

The first model in this line of literature was the Cumulative Enhancement Model (CEM; 

Flynn et al., 2004). The CEM predicts morphosyntactic transfer from both source languages 

(the L1 or the L2) as long as it is facilitative for the property of the target L3. In case this is 

not true, transfer will not obtain. The second theory that emerged in the field (and first com-

petitor for the CEM) was the L2 Status Factor (L2SF; Bardel & Falk, 2007, 2012; Bardel & 

Sánchez, 2017; Falk & Bardel, 2011; Falk et al., 2015). As its name alludes, the L2SF con-

tends that the L2 has a privileged role as transfer source. At its core is the Declara-

tive/Procedural (DP) theory by Paradis (2009) (see 1.3.2), which states that grammars of the 

first language and subsequent following languages are stored in different cognitive systems 

(i.e., in the procedural memory for the L1 and in the declarative memory for all subsequent 

non-native languages). Following the DP’s theorizing, the L2SF capitalizes on this distinction 

to put forward that it is likelier for transfer to take place within languages of the same system 

(L2 to L3/Ln) than between different systems (L1 to L3/Ln). 

More recent models argue that typology, that is the underlying structural similarity 

(also referred to as proximity) at all linguistic levels between the source languages and the 

L3/Ln, plays an important role in source language selection. The Typological Primacy Model 

(TPM; Rothman, 2010, 2011, 2013, 2015) allows for either the L1 or the L2 to be the source 

of transfer. However, unlike the other models, the TPM stands alone by stipulating that only 

one of the two previous acquired grammars is the source of morphological transfer in its en-

tirety (holistic/full transfer). Although the TPM mostly makes claims about initial stages of 

L3 grammar acquisition, possible secondary transfer effects in later stages in the morphologi-

cal language acquisition development are not precluded. The theoretical explanation behind 

full transfer is of a cognitive nature: wholesale transfer is more economical for the system. 

Now, how does the parser decide which source language is the more economic grammar to 

be transferred? The author of the TPM demonstrated via empirical work that linguistic prox-

imity is the deciding factor. Rothman (2013) postulated a hierarchy/continuum of (linguistic) 
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cues which indicates to the parser the order of transfer source selection. Specifically, the par-

ser starts with an examination at the lexical level of previously known languages and con-

trasts them with the newly acquired language. If the lexical level is sufficiently informative 

for the parser to make a decision (transfer from L1 versus L2), then transfer will be initiated 

at this stage. If not enough, i.e., if there is not sufficient cross-over between the source lan-

guages and the L3/Ln, then the next level of cues is phonology/phonetics/phonotactics. Simi-

larly, if this second level shouldn’t be enough for the parser to establish similarity, first mor-

phology and then syntactic structure kick in (in this order). Ultimately, a source selection is 

achieved. 

Similar to the TPM, also the Linguistic Proximity Model (LPM; Westergaard et al., 

2017) claims that transfer selection can happen from both the L1 and the L2. However, in 

contrast with the TPM, transfer is not wholesale but rather on a property-by-property basis 

following the parser’s needs over the course of language development. As seen in the TPM, 

structural proximity, but not facilitation as stated by the CEM, is deterministic for the choice 

of the chosen language(s) for transfer to the L3. The LPM does not assume representational 

copying, but incremental learning as a result of processing, making early L3 unstable repre-

sentations increasingly stable. Therefore, the LPM is better positioned at describing and cap-

turing processes of multilingual language development rather than the initial stages. Similar 

to the LPM, also the Scalpel Model (SM; Slabakova, 2017) takes the position of selective 

(property-by-property) L3/Ln transfer and puts forward a whole number of features/variables 

that offer insights into how L3/Ln development might ideally work. One of the ideas of this 

model is that multilingual language acquisition and selection takes place in a scalpel-like 

matter: grammar transfer properties are carefully selected by the scalpel either from the L1 or 

the L2 when more useful (facilitative). However, the author acknowledges that mistakes by 

the scalpel can be made, leading to non-facilitative transfer.   

In summary, different from crosslinguistic influence (CLI)/transfer effects in adult 

L2 acquisition which can only come from a learner’s first language (L1) (if existent at all), 

permutations for transfer source (the L1, L2 or both) increase exponentially once bilinguals 

start learning an L3/Ln. Determining whether L3/Ln transfer is holistic (from one single lan-

guage, either the L1 or the L2) or selective (property-by-property from both the L1 and L2) as 

well as the timing of it, i.e., coming at the initial stages or staggered over the course of the 

L3/Ln linguistic development, underscores healthy discussions in the current L3/Ln formal 
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linguistic literature (see, e.g., Rothman et al., 2019; Schwartz & Sprouse, 2021; Westergaard, 

2021a,b).  

In the growing field of L3/Ln morphosyntax acquisition, little work has been done 

with heritage speakers (see Lloyd-Smith & Kupisch, 2022 for an updated review of available 

studies), and exceedingly few do so by bringing HSs together with L2 learners under the 

same conditions of exposure to an L3/Ln. To date, most of the literature in the field has been 

concerned with that population of L3 learners where the L3 represents the second foreign 

language. Yet, HSs represent a very particular testing population since they have two gram-

mars/languages (2L1s – the minority language acquired in the home environment and the 

societal majority language) learned naturalistically in early childhood to draw on. Recent 

calls in the literature discussed the theoretical implications that the study of HSs might bring 

to the L3/Ln field. That is, the understanding of the inherent diversity between HSs and late 

L2 learners (and within HSs themselves) can help to shed light on both the applicability of 

existing L3/Ln models and on multilingual language processing (González Alonso & Roth-

man, 2017; Rothman et al., 2019).  

By testing HSs for whom there is no L2 per se, the testing of the L2SF can be ex-

cluded a priori —which ascribes a default role for transfer from a non-native L2 language 

when acquired in adulthood (see 1.3.2 and 1.4.1 for the theoretical reasoning behind this as-

sumption). Moreover, L3/Ln models hypothesizing only facilitative transfer (i.e., the CEM) 

will also not be considered in the current study (at least within the current initial research 

questions and predictions), since meta-analyses of available empirical data are clear: more 

often than not non-facilitation is attested in the literature (see Rothman et al., 2019 and Puig-

Mayenco et al., 2020 for systematic reviews). Therefore, similarly to González Alonso et al. 

(2020), the aim of the present study was to test models hypothesizing typological/structural 

proximity as a major factor in initial language selection for L3/Ln transfer. That is, either via 

full transfer of one or the other language system as advocated by the TPM (Rothman, 2011, 

2013, 2015), or selectively, i.e., entertaining property-by-property transfer following the par-

ser´s assessment of each domain of grammar (LPM – Westergaard et al., 2017 and the SM – 

Slabakova, 2017).  
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2.1.2. Online Brain Methods and Mini Grammar Paradigm  

While virtually all of the work contributing to discussions of L3/Ln morphosyntax transfer 

and acquisition to date has been offline behavioral, there are compelling reasons to use com-

plementary online methodologies. Following argumentations in recent work advocating the 

utility of neuroimaging methods to offer novel data in this domain (e.g., EEG offers a win-

dow into language processing in real time and it has been argued to be a natural methodolog-

ical progression into the field given its successful use for addressing similar questions in L2 

acquisition - Rothman et al., 2015, 2019), González Alonso et al. (2020) and the present 

study aim to examine if and how neurophysiological evidence of language processing at very 

initial exposure to a novel grammar in an L3/Ln context could be used to address a subset of 

the above theoretical frameworks (e.g., source/degree of transfer - holistic versus selective) 

(see 2.1.3). 

EEG/ERPs capture involuntary brain responses at the brain level with optimal tem-

poral resolution. Thus, they are not directly influenced by metalinguistic variables the way 

behavioral methods can be. Additionally, since ERPs offer the opportunity to look into how 

the brain parses/processes language in real time and assuming a tight relationship between 

grammatical representations and processing (e.g., Phillips & Ehrenhofer, 2015), EEG data, in 

principle, can reflect the underlying grammatical representations that feed into various lan-

guage-related brain signatures where ungrammaticality is present. By extension, if L3/Ln 

transfer selection is a copy of underlying mental representations of the L1 or L2 at the very 

early stages, as advocated by the TPM (Rothman, 2015), then one might expect evidence of 

neural signatures to be able to support such a claim or question it.   

The use of a natural (or artificial) mini grammar complements the use of EEG/ERPs 

and serves several purposes that would be nearly impossible to achieve in other ways. For 

example, it allows the researcher to control the input of the target L3/Ln across participants in 

all relevant aspects: quantity and quality, in the same context and manner of exposure and at 

the same development timing, in this case, at the very beginning stages of L3/Ln interlan-

guage. This also permits having increased confidence that the limited exposure, controlled as 

it is in a mini language paradigm, is potentially sufficient to promote transfer selection in the 

first place. By coupling EEG/ERPs with a mini language paradigm, the goal is to have access 

to the very initial (controlled) phases of multilingual transfer selection while at the same time 

being able to follow brain responses in real-(processing)time.  
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Irrespective of the particular model, all non-default L3/Ln models—those not assign-

ing a privileged role for the L1 or the L2 for L3/Ln transfer source—rely on exposure to the 

target input for the parser to make a choice between competing options from the previously 

acquired grammars (be it full transfer or property-by-property). The controlled context and 

reduced vocabulary of a mini grammar paradigm (see 2.2.3 and 2.2.4.1) allows the learner to 

receive much more exposure to relevant linguistic information to trigger transfer more quick-

ly, at least in principle.  

2.1.3. EEG Studies in L3/Ln 

The predictions of several existent models of L3/Ln morphosyntax acquisition and 

CLI/transfer are used as a backdrop. However, reasonably one can only do so as appropriate 

for the timeframe of the present study, that is, examining their predictions for the initial stag-

es of acquisition. This is done somewhat novelly by adopting EEG/ERPs alongside a mini 

natural language based on a Latin subset lexicon and grammar-learning approaches (see 

2.1.4. and 2.2.3-2.2.4). To date, there are exceedingly few studies that have used EEG in the 

landscape of L3/Ln interlanguage transfer and acquisition.  

In fact, only one recent study, González Alonso et al. (2020), has combined EEG 

with mini grammar initial exposure. They were the first to seek to test the proposal that over-

all language proximity is the major force guiding transfer selection in initial multilingual lan-

guage interlanguage. Spanish native-L2 English speakers were tested on first exposure with 

two artificial languages based on either the English or the Spanish lexicon, yet both having 

novel morphology for gender on nouns and corresponding agreement for determiners and 

adjectives. This made the mini grammars like Spanish irrespective of their lexical base. Par-

ticipants were split into two groups and received implicit training either in Mini-English or 

Mini-Spanish. Findings showed that gender violations produced a highly localized fronto-

lateral negativity in the group exposed to Mini-English in an early time window (200-500 

ms). The group trained on Mini-Spanish elicited a more broadly distributed positivity in the 

300-600 ms time window. Although their initial hypothesis/prediction was to find markers of 

syntactic violation ((N400)-P600) for the Spanish mini grammar group, the most salient find-

ing was a P300-like effect that appeared only for the late L2 group which was exposed to the 

Mini-Spanish grammar. The P300 is not a common signature found in (un)grammaticality 

processing per se, but it is well attested for information processing, context updating and at-



Study I 

 

   

 

54 

tention literatures (Donchin & Coles, 1998; Duncan-Johnson & Donchin, 1977, 1982; Gray et 

al., 2004; Pritchard, 1981). The authors interpreted the P300 as a sign of increased allocation 

of attentional resources (happening before grammatical transfer takes place at the level of 

representation), likely driven by cues in the target language. In other words, despite both 

groups being matched for nativeness in Spanish and proficiency in L2 English, it was the 

target language that made the difference. If exposed to a mini grammar based on the Spanish 

lexicon, one could focus attention differentially than if exposed to the English-based one 

even though each participant has comparable experience with the previous languages. Given 

the specific EEG signatures, these results reflect processes happening before transfer source 

selection in L3/Ln takes place, potentially the precursor stage of when the parser makes the 

decision to go with one language over the other for transfer. The authors questioned whether 

the exposure time was simply not sufficient to capture signatures of actual transfer itself, alt-

hough the P300 was taken to indicate something that would later lead to it (and differentially 

between the two groups). They suggested that longer sessions or a consolidation phase (time 

between first exposure and re-introduction of the mini grammar before EEG testing) could 

possibly lead to greater chances of capturing signatures of grammar processing, while better 

understanding links between neural underpinnings of cognitive/sensory and high-order lan-

guage processing. In the present study, this methodological approach is adopted—more expo-

sure and a consolidation period—to address the research questions.  

The aim of the present study is to test the same models of L3/Ln transfer as González 

Alonso et al. (2020), with a combination of ERPs and an artificial natural mini language 

based on Latin (Mini-Latin). With the advent of knowing their results and methodological 

shortcomings, the present study improves on their method in at least two ways. Firstly, as 

opposed to testing only traditional non-native L2 learners exposed to a novel mini grammar 

as an L3, another bilingual group is added by comparison, enabling the testing of variables 

not well explored in the L3/Ln literature, such as the determinacy of age of acquisition 

(AoA). As such, this study brings together German native L2 learners of English as well as 

Italian heritage speakers (of quite high proficiency) who have grown up in Germany, both 

exposed to the same Mini-Latin grammar. Secondly, the present study tests not one, but two 

linguistic properties (see 2.1.4) in an attempt at better addressing claims of completeness of 

transfer. By choosing two properties that are not related to each other and that result in dis-

tinct patterns predicted by different theories (given the learner groups and their languages), 

this study is in a better position to test and hypothesize about completeness than studies mak-
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ing such claims on the basis of a single domain of grammar (see Puig-Mayenco et al., 2020 

for a review). The properties examined herein are: Case morphology (which, at the level of 

underlying features, is similar between Latin and German, a language shared between the two 

groups) and position of the adjective relative to the noun (mostly prenominal in German -and 

English- and mostly postnominal in Latin just like Italian) (see 2.1.4). As such, for the TPM, 

transfer for both domains of grammar tested here should come from one language—the one 

most related to the Mini-Latin target (Italian for the HSs and English for the L2ers). Alterna-

tively, the LPM and SM, in that they do not assume full transfer of a single system, are open 

to any of the known grammars providing a transfer source at any time. For the L2 group, this 

could mean that German provides evidence for them to be more successful with Case than 

any of their languages could be for adjectival word order (both German and English having 

the same, distinct word order). For the HSs, they might be equally successful with Case 

(transfer effects from German), and adjectival word order, given that Latin works like Italian 

in this sense.   

2.1.4. Case and Adjective Placement in Italian and German  

Departing from theories and implications explored in 2.1.1 and 2.1.3, two linguistic phenom-

ena were isolated: Case morphology and position of the adjectives in relation to the nouns. 

Case morphology in Latin is similar to that of German at the level of underlying syntactic 

features, yet it differs in the morphological realization. In German this happens mostly on 

articles and adjectives and in Latin at the level of adjectives and nouns. By contrast, the rela-

tive position of nouns and adjectives is similar between Italian and Latin, where adjectives in 

NPs appear mostly postnominally (whereas prenominally in German).  

Case and its acquisition. Latin has an extremely rich inflectional system. Nouns are 

inflected for number and Case, whereas adjectives are inflected for number, Case and gender. 

Nouns belong to one of three genders: masculine, feminine and neuter. There are six Cases in 

Latin: nominative (sentence subject), accusative (sentence object), genitive (“of”), dative 

(“to” or “for”), ablative (“with” or “in”) and vocative (used to address someone). Moreover, 

nouns come in the form of five declensions (similar concept to declinations), i.e., groups of 

patterns according to which nouns are declined to show grammatical Case, number, and gen-

der. The first declension includes nouns (mostly feminine) ending in (nominative) -a, (accu-

sative) -am (e.g., puella-NOM.F, puellam-ACC.F, “the girl”). The second declension mostly con-
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tains either masculine nouns ending in (nominative) -us, (accusative) -um (e.g., famulus-

NOM.M, famulum-ACC.M, “the slave”) or neuter nouns ending in (nominative) -um, (accusative) 

-um (e.g., templum-NOM.N, templum-ACC.N, “the temple”)13. Many adjectives belong to the first 

and second declensions and decline in the same way as nouns. The masculine form typically 

ends in -us (nominative) and -um accusative (e.g., altus-NOM, altum-ACC, “high”), the feminine 

form ends in -a (nominative) and -am (accusative) (e.g., alta-NOM, altam-ACC) and the neuter 

form ends in -um (nominative) and -um (accusative) (e.g., altum-NOM, altum-ACC). To sum up, 

in Latin sentences nouns and adjectives are inflected according to (i) their role in the sen-

tence, (ii) gender (masculine, feminine and neuter) and (iii) number (singular versus plural) 

(Dressler, 2002; Gardani, 2013; Herman, 2000; Joseph & Wallace, 1984). 

Similar to the Latin inflectional system, also German has Cases, albeit only four: 

nominative (subjects), accusative (direct objects), dative (indirect objects) and genitive (ex-

presses possession). Also German nouns exist in three forms: masculine (e.g., der Mann, “the 

man”), feminine (e.g., die Frau, “the woman”) and neuter (e.g., das Kind, “the child”). To 

signalize the function within the sentence, German inflection (mostly) happens at the level of 

determiners and adjectives (which precede the nouns) in two forms: following either weak or 

strong declensions (e.g., der-NOM schöne-NOM Mann, den-ACC schönen-ACC Mann, “the beauti-

ful man”). Noun inflectional Case morphology in German is, contrary to inflections at the 

determiner/adjective level, not omnipresent. That is, it realizes to mark plurality, but only in 

some instances to signal Case marking14 (Durrell, 2013). 

Romance languages (Italian included) have evolved a simplified inflectional system 

in comparison to Latin. In fact, with exceptions of the pronouns (which continue to show 

consistent Case-marking – e.g., Io-NOM, me-ACC, “I”, “me”), synthetic marking on nouns and 

adjectives has witnessed considerable reduction/simplification. This has led (with the excep-

tion mentioned before) over time to the almost complete disappearance of inflectional Case-

marking (Nicolae, 2021). See (1) and (2) for examples of contrast for Case morphology (for 

masculine/feminine and nominative/accusative only) between the three languages investigat-

ed in the present experiment: 

 

                                                
13 Nouns belonging to the other three declensions were not selected for the present experiment (see 2.2.3) and, 
therefore, not further illustrated here.  

14 A notable example are nouns from the “N-Deklination”, where some masculine nouns and few neuter ones 
acquire an additional -e or -en suffix in accusative, dative and genitive forms – see “Der Kunde-M, den/dem/des 
Kunden-M”, “the client/customer”.  
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(1) Ge. der-NOM.M Koch-NOM.M vs den-ACC.M Koch-ACC.M 

      It.   il-NOM.M  cuoco-NOM.M vs il-ACC.M  cuoco-ACC.M   

      Lat.   magirus-NOM.M vs   magirum-ACC.M                   

the  cook   the  cook 

     ‘The cook’ 

 

(2) Ge. die-NOM.F Braut-NOM.F vs die-ACC.F Braut-ACC.F  

  It.   la- NOM.F  sposa- NOM.F vs la-ACC.F  sposa-ACC.F 

      Lat.   nupta-NOM.F vs   nuptam-ACC.F 

            the  bride   the  bride 

     ‘The bride’ 

 

Given the mini artificial Latin paradigm tested in the present study, an important que-

ry to ponder is how complex Case morphology systems are acquired by bilingual speakers 

(especially at the early stages of language learning). The acquisition of inflectional Case-

marking properties in adulthood (i.e., for late bilinguals) is generally considered a difficult 

task. In a series of experiments, adult English speakers (note that English nouns are only in-

flectionally marked for number, but not for Case) were exposed and expected to learn both 

nouns with transparent and nontransparent gender Russian marking in the nominative Case 

(Kempe & Brooks, 2008). The findings revealed that the learners were better at learning gen-

eralization of Case-marking inflection when nouns were transparent (“regular”). However, 

they still performed worse in comparison to what would have been expected if they had ex-

tracted the underlying rules. Thus, they concluded that adult L2 learners benefit from regular-

ity if exposed to unknown morphological patterns but do not necessarily create rules (as mor-

phological complexity and variation would mostly require some degree of item-based 

learning). A similar experiment (Kempe & MacWhinney, 1998) investigated the acquisition 

and comprehension of (overt) morphological Case marking in adult native English speakers. 

In this experiment the authors compared the participants’ comprehension when exposed to 

either L2 Russian (a more complex marking system than German, but with mostly 

rich/reliable cues for comprehension) or L2 German (less complex marking system than Rus-

sian, but that provides the listener with fewer cues). They found that the learners of L2 Rus-

sian acquired Case marking much earlier than learners of L2 German. Their findings support 

the view that adult L2 learning is cues-/ and associative-driven, whereas the differential cue-
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marking input plays a crucial role. Opposingly, other studies have shown that some 

knowledge of (complex) inflectional morphology can be acquired in adulthood following 

incidental exposure (Grey et al., 2014; Rogers et al., 2015). Specifically, Rogers et al. (2015) 

showed that L2 learners can rapidly develop knowledge of L2 inflectional morphology (using 

an artificial language system based on Czech morphology) even in the absence of explicit 

rule learning. Studies on HSs have shown that the acquisiton of case morphology is often 

delayed (with respect to monolingual speakers) and overgeneralization (reduction to either 

nominative or accusative) is not uncommon (especially in languages with highly complex 

case morphology structures) (Montrul, 2011; Polinsky & Kagan, 2007; Seliger & Vago, 

1991)15. All in all, these studies hint towards the view that acquiring Case-marking (complex) 

inflectional morphology is hard for L2 learners and HSs, but possible to acquire (even under 

implicit learning conditions). 

Adjective placement and its acquisition. Adjective placement in relation to the noun 

is similar between Italian and Latin. In both these languages, adjectives can be placed before 

and after the noun (although the most common form sees the adjective follow the noun) (see 

Cinque, 2010 and Kupisch, 2013 for discussions about adjectival changes in meanings ac-

cording to their relative position with respect to the noun) (see Adams, 1976; Cardinaletti & 

Giusti, 2010; Giusti 2010, 2016; Walker, 1918, p. 648). As a general rule, in both languages, 

different factors influence the position of the adjective in the sentence. In Latin (as in Italian), 

semantics plays an important role. For example, adjectives of color (e.g., flos flavus, lit. 

“flower yellow”, “yellow flower”) tend to follow the noun; by contrast, demonstratives (e.g., 

hic, "this") precede the noun in most of the cases (Marouzeau, 2018; Walker, 1918). Im-

portantly, changes in the noun-adjective order (and word-order more broadly) in Latin have 

been reported to vary both over time (i.e., over the centuries – with a general shift from ad-

jective-noun towards noun-adjective; Marouzeau, 2018) and depending on the style of the 

 

                                                
15 Given that past research has shown that HSs might tend to simplify thier case morphology structures and 
overgeneralize towards either to nominative and/or accusative, only these two forms where selected for the 
present L3/Ln ERP experiment. Furthermore, participants performed an Adjective and Case Assignment Task 
(see 2.2.5) in order to check if their representations of both linguistic domains were present.  
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author of Latin literature (Devine & Stephens, 2006; Magni, 2009; Spevak, 2014; Ullman, 

1919)16.  

Similar to Latin, in Italian the position of the adjective in relation to the noun is vari-

able. Giusti (2010, 2016) exemplified a hierarchy that defines the likelihood of the position of 

descriptive/attributive adjectives-noun in Italian (from corpora data): the higher the rank, the 

more prone it is to find those adjectives positioned after the noun (see below). 

 

evaluative, e.g. bello (beautiful) 

dimension, e.g. alto (high) 

age, e.g. vecchio (old) 

physical property, e.g. duro (hard) 

colour, e.g. rosso (red) 

relational, e.g. nazionale (national) 

   

     (Conte et al., 2017; Giusti, 2010) 

 

Given the grammatical phenomena of interest, i.e., adjectival position in relation to the noun, 

only adjectives of nationality have been selected for the current experiment (since they are 

relational adjectives, and likelier to appear postnominally in Italian – see hierarchy above), 

even if this meant to use pseudo-adjectives. Specifically, because adjectives of nationality do 

not exist in Latin (or at least so as needed herein), they were created following Latin phono-

tactical and lexical rules (e.g., tidonus, “American”) (Appendix D, Table D1). Opposingly, in 

Germanic languages (German included), adjectives virtually always precede the nouns (e.g., 

Van de Velde et al., 2014). The contrast for adjectival position between the three languages 

investigated in the present experiment is illustrated in (3): 

 

 

 

 

 

                                                
16 Since the participants in the present experiment have no previous knowledge of Latin (rules), Mini-Latin 
adjectival position has been created to follow Italian word-order rules (Giusti, 2010, 2016) and, thus, to be the 
contrast linguistic domain to Case morphology when it comes to adjudicating between models of L3/Ln transfer 
and acquisition. 
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(3) Ge. eine gelbe Blume vs *eine Blume gelbe 

      It. *un giallo fiore vs   un fiore giallo  

      Lat.            *flavus flos vs   flos flavus  

 a yellow flower     a flower yellow 

      ‘A yellow flower’ 

  

 In order to successfully test the validity of the predictions of the L3/Ln models in this 

Mini-Latin paradigm, a crucial precondition needs to be met, i.e., that the HSs are in fact able 

to transfer Italian adjective-noun order into Latin. In other words, their grammatical order of 

nouns and adjectives needs to follow the Italian grammatical rules reviewed above (Conte et 

al., 2017; Giusti, 2010), rather than being subject to transfer from German. Previous work 

with bilingual children (growing up in a country where a Germanic language is the dominant 

language) on adjective placement in Italian shows evidence that often the acquisition of ad-

jective placement is either delayed (Bernardini, 2003) or problematic (Rizzi et al., 2013)17. In 

most of the cases overuse of the prenominal position (cf. Germanic languages) in Italian is 

the main issue reported. Kupisch (2013) tested adult HSs of Italian-German (Italian being the 

HL) on Italian adjective placement and found no CLI from German. However, during exper-

imental conditions only (as compared to naturalistic data), she reported that the HSs display 

an over acceptance of the postnominal position, which goes against standard assumptions in 

the previous literature. The author interpreted these findings as the HSs exaggerating the con-

trasts between their languages rather than the similarities (a phenomenon she terms “cross-

linguistic overcorrection”).  

  To make sure that the HSs have the rule/grammatical representations at hand (i.e., 

both Case morphology in German and Italian adjective-noun placement), an “Adjective and 

Case Assignment Task” (see 2.2.5) has been administered at the end of the EEG/ERP session 

(as advocated in a similar experiment with a mini language – González Alonso et al., 2020). 

2.1.5.  Research Questions and Hypotheses 

In light of the review above, the two guiding research questions for the present study are the 

following:  

 

                                                
17 See Nicoladis (2006) for comparable work on French-English bilinguals. 
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(RQ1) Can neurophysiological signatures (EEG/ERPs) inform models of multilingual mor-

phosyntactic transfer?  

(RQ2) What do data from HSs bring to bear for answering RQ1 as well as understanding how 

they might differ from L2 learners when acquiring additional languages in adulthood? 

ERP predictions (see Table 2.1) for the relevant models of L3/Ln transfer were based 

on sentence processing work in native speakers and adult L2 non-native speakers in combina-

tion with theoretical predictions and actual behavioral patterns from previous L3/Ln work 

(see Rothman et al., 2015 for an initial theoretical set of predictions in L3/Ln and González 

Alonso et al., 2020 for an L3/Ln study with ERPs testing these predictions - i.e., (N400)-

P600 as markers of syntactic violations/representational transfer). Three decades of literature 

on native speakers has produced strong evidence for an association between (mor-

pho)syntactic sentence violations and the P600 ERP component (e.g., Alemán Bañón et al., 

2012; Frenck-Mestre et al., 2008; Hagoort et al., 1993; Osterhout & Holcomb, 1992). How-

ever, there is no one-to-one correspondence. That is, the P600 is not specific to language and 

therefore is not a direct marker of underlying grammatical representation. Rather, it is a sig-

nature of the processes that happen when ungrammaticality is encountered, i.e., reflecting 

repair or reanalysis, that is, late integrations and repair of syntactic, semantic and thematic 

information (see Friederici, 2017; Kaan, 2007).  

Non-native speakers show more variability when it comes to neurophysiological re-

sponses to agreement, which tend to adapt and vary in relation to factors such as L2 profi-

ciency and language combinations (e.g., Alemán Bañón et al., 2018). Also for non-native 

speakers, both N400 and P600 components have been observed. Whereas N400 are mostly 

found in low proficiency L2 speakers for agreement violations in novel (only present in the 

L2) and sometimes non-novel (shared in both the L1 and L2) features (Carrasco-Ortíz et al., 

2017; Tanner et al., 2013), non-novel features (already present in the L1) tend to produce 

P600 native-like responses, even at low levels of proficiency (Gabriele et al., 2013, 2021; 

Morgan-Short et al., 2010, 2012; Tokowicz & MacWhinney, 2005). The P600 emerges for 

novel features at high proficiency levels too (Alemán Bañón et al., 2017, 2018). Crucially, 

the fact that exposure and experience with grammatical features lead to native-like electro-

physiological indices at early stages suggests (for the purposes of this study) that linguistic 

transfer can be captured and disentangled from other potential sources of target-like behavior 

in features agreement at the earliest stages of non-native language development. 
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 Whereas a lot of work has been done on (morpho)syntactic (and semantic) agreement 

violations, the literature on the underpinnings of word order with electrophysiology, in par-

ticular on adjectival position with respect to the noun, is understudied. Courteau et al. (2020) 

investigated the processing of adjective-noun order violation in French by means of ERPs. 

Similar to Italian, French adjective word-order is freer than in German and English, but not 

completely free. Specifically, the position of the adjectives relative to the nouns can be pre-

dicted by their specific lexico-semantic category (Valois, 2017), such that, for example, ad-

jectives of size/magnitude (“big”) are prenominal, and color/nationalities are postnominal 

(see 2.1.4). The authors set out to investigate whether, similar to English (Bourguignon et al., 

2010; Kemmerer et al., 2007; Steinhauer, 2014), adjective-noun order violations elicit a bi-

phasic N400-P600 effect and if there are underlying fundamental differences in the way the 

two typologies of adjectives are processed. Their findings partially corroborate previous re-

sults in English, such that incorrect adjective order elicits first an N400 (reflecting a mis-

match at the semantic category level) followed by a P600 (reflecting a typical process of sen-

tence reanalysis). However, this was only the case for prenominal adjective violations. 

Postnominal ones elicited only a P600. Thus, prenominal and postnominal adjectives seem to 

be processed slightly differently, likely to reflect different expectancies about upcoming lin-

guistic structures (Van de Meerendonk et al., 2009).  

Table 2.1 ERP predictions for the processing of Case morphology and adjectival position violations in Mini-

Latin by adult heritage speakers of Italian in Germany (2L1s – Italian and German) and L1 German-L2 English 

late L2 acquirers, derived from the TPM, LPM and SM (see also Rothman et al., 2015).  

        

Case mor-

phology     

Adjective 

position   

Language combination   TPM    LPM/SM TPM    LPM/SM 

         
L1 Italian - L1 German 

(L2 English)  No effect  (N400)-P600* (N400)-P600  (N400)-P600 

L3 Mini-Latin        
         
L1 German - L2 English  No effect  (N400)-P600* No effect  No effect 

L3 Mini-Latin        
                  

*Although the underlying syntactic features are the same, if the surface exponent is taken to matter—Case being 

expressed mostly in determiners/adjectives in German whereas it agrees also on the noun in Latin, it could be 

that these models would expect no effect (see 2.1.4). 

 

 Based on all the above ERP literature, predictions were formulated as reported in 

Table 2.1. Given the complexity of the paradigm, let us briefly navigate through the table. 

The TPM claims transfer to be holistic, i.e., only one of the previous grammars (either L1 or 

L2), is copied as a whole for the first L3 interlanguage. Given the TPM’s claimed hierarchy 
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of cues for the parser to make (in Schwartz & Sprouse, 2021 terms, the “big decision” for 

which previous grammar should serve as the feature specifications of the initial L3/Ln inter-

language grammar), the HSs should choose Italian and the L2 group should choose English. 

The ERP predictions are presented accordingly. On the other hand, both the LPM and the SM 

predict transfer to be selective, based on structural similarity at each property level. As a re-

sult, they seem to predict that for HSs, Italian can be the source for adjectival syntax and 

German* is potentially possible for Case. For the L2 group, German* should be equally 

available for Case and since neither English or German provide the target syntax, there 

should be a null effect for adjectival word order.   

2.2. Materials and Methods 

2.2.1. Participants 

Two groups of participants were recruited for this study, 15 heritage speakers of Italian living 

in Germany (Females n = 12)18 and a comparison group of 28 L2 learners (females n = 19)19. 

The L2 learners spoke German as their L1 and English as an L2, whereas the HSs had Italian 

as their L1 and either acquired German simultaneously as their second L1 (2L1) or had ac-

quired German sequentially before age 4. All participants were recruited from either the Lake 

Constance region or North Rhine-Westphalia and tested at the University of Konstanz or at 

the Universities of Düsseldorf and Cologne, respectively. Completion of the Language and 

Social Background Questionnaire (LSBQ) (see 2.2.2) ensured that they met the requirements 

of being HSs of Italian with German as the other native language and English as the first for-

eign language acquired, or being native speakers of German with English as their only L2 

(some participants reported having learned in schooling contexts other languages-mostly 

Spanish and French- but have never actively used them). The age range was 18-35 y.o. (mean 

L2 learners = 25.10y, SD = 3.61y; mean HSs = 24.27y, SD = 4.01y). The age of first expo-

sure to the L2 was 9.46y (SD = 1.94y) and to the 2L1 was 2.21 (SD = 1.63y).  

 

                                                
18 The relatively low number of participants was due to Covid restrictions. 

19 A total of 48 participants were recruited at the time of writing this dissertation. Five dropped out for various 
reasons (see 2.2.4.1), resulting in the final sample of 43 participants. 
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2.2.2. Background Measures 

As a means of assessing language proficiency in Italian and German, versions of the language 

placement tests originally created by Alderson (2005, p. 80), known as DIALANG test bat-

tery, were adapted (available on https://dialangweb.lancaster.ac.uk/). The test consists of 50 

real words and 25 pseudo-words20. YES and NO responses were required and collected by 

means of a button box (see Appendix C, Table C1 for the full list of elements within the Ital-

ian and German versions). The versions used here are the same as in Lloyd-Smith et al. 

(2020). Items appeared in the center of the screen one at the time. Once the participant deci-

sion was met (YES – green button and NO – red button) and the answer recorded, the next 

word was presented (self-led task programmed in Presentation®). Prior to the start of the ex-

periment, participants were instructed to press YES if they thought the word on the screen 

existed and NO if they did not. Since the items were presented locally (and not directly on the 

DIALANG webpage), the scoring could be done in the lab. Following Alderson (2005, p. 80) 

and work from our laboratory (Lloyd-Smith, 2020), scoring consisted of simply the sum of 

all correct answers (i.e., one point for each correctly identified word or non-word – “Simple 

Total Score”). On the other hand, the online version of the test is stricter and penalizes the 

acceptance of non-words. There were no differences in German proficiency between the two 

groups (mean German L2 group = 94.18%, SD = 5.4; mean HSs = 94.22%, SD = 4.74) when 

performing a two-tailed T-test (t(32) = -0.02, p = 0.98). For the HSs, the Italian version in-

ducted a proficiency score of 75.47% (SD = 10.65).  

English proficiency was documented online via the LexTALE (Lemhöfer & Broers-

ma, 2012) (available at http://www.lextale.com/whatislextale.html - see also Appendix C, 

Table C2). The test consists of 5-minutes YES-NO vocabulary judgments similar to the 

DIALANG and predicts English vocabulary knowledge and (possibly) general English profi-

ciency. The test comprises of 40 words and 20 nonwords (total of 60 items) and 3 practice 

trials (presented at the beginning to familiarize the participants with the task). Participants 

were instructed to press the green button (on a button box) if they thought the presented item 

was a real word, and the red button if otherwise. Scores were calculated as percentages fol-
 

                                                
20 Items for each language were selected from bilingual learner dictionaries. Because the goal was to create the 
test as comparable as possible across 17 languages, word frequency was not used as a criterion. For the same 
reason, no comparable frequency list is available. Data have highlighted the strength of the test as a predictor of 
performance also on other DIALANG tasks (reading, listening, vocabulary, grammar; Alderson, 2005). For the 
present thesis, Italian and German tests consisted of just 74 items. One word had to be removed from each ver-
sion (see Lloyd-Smith, 2020). 

http://www.lextale.com/whatislextale.html
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lowing the automatically-returned online calculation method. There were no differences in 

English proficiency between the two groups (mean German L2 group = 69.37%, SD = 12.86; 

mean HSs = 62.42%, SD = 10.86) when performing a two-tailed T-test (t(33) = 1.85, p = 

0.07). 

Participants also completed the Language and Social Background Questionnaire 

(LSBQ) (Anderson et al., 2018b), which assesses language use in various social aspects, in 

various settings (e.g., in society and at home) and activities (see Appendix B). A factor calcu-

lator within the questionnaire computes three weighted composite scores (as the sum of dif-

ferent relevant questions): the amount of language use at home, in social contexts and overall 

language proficiency. Higher scores indicate higher language use and proficiency. Addition-

ally to these measures, age of acquisition of the second language (AoA), length of exposure 

to the second language (LoE) and socio-economic status of the mother (SES) were also as-

sessed (see Appendix G, Table G1 for individual demographic data). 

2.2.3. Latin Mini Language 

A Latin mini language (Mini-Latin) based on Latin vocabulary and grammatical rules was 

created (see González Alonso et al., 2020 for another L3 ERP study using new languages ab 

initio and Lado et al., 2017, Sanz et al., 2015, 2016 and VanPatten & Smith, 2019 for studies 

using artificial Latin mini languages to investigate various aspects of multilingual language 

acquisition and processing) (see also 2.1.4). Mini-Latin contained 14 nouns (7 masculine and 

7 feminine), 8 transitive verbs and 6 adjectives (see Appendix D, Table D1) either borrowed 

from other studies investigating Latin mentioned above or found in various online Latin cor-

pora.  

Latin words were selected so that they were not cognates in either Italian or German 

(cf. Appendix D, Table D1), in an effort to avoid any learning strategies that could directly 

induce superficial transfer effects21. Furthermore, nouns were selected only if they belonged 

to the first or second Latin declension and showed transparent gender assignment (feminine 

nouns ending in -a and masculine in -us) and only if they were plausibly reversibly, so that 

 

                                                
21 This was done by asking randomly selected monolingual Italian (n = 12) and German (n = 12) speakers to rate 
Latin words and to report if they could deduce their meaning (and, if so, how). The final list has been composed 
based on these ratings. For example, the Latin word barbarus (foreigner, savage) was replaced by the word 
tignarus (the carpenter), since it was observed that the word “barbaro” in Italian was associated by the raters 
with the Latin form.  
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they could be both the agent and the patient of the verb (VanPatten & Smith, 2019). The main 

criterion for choosing the adjectives was that the corresponding Italian translations would be 

employed (predominantly) in the postnominal form (2.1.4).  

 Nouns, verbs and adjectives were combined to form sentences aimed at testing the 

very initial L3/Ln interlanguage stages22. Case morphology and position of the adjective in 

relation to the noun were selected as linguistic domains of interest (see 2.1.4). Case morphol-

ogy consisted of -us (masculine) and -a (feminine) suffixes to mark singular nouns in the 

nominative position, which correspond to -um (masculine) and -am (feminine) suffixes in the 

accusative form (see (4) and (5) exemplar sentences below). Adjectives in these sentences 

have been assigned the same Case as the noun in the second noun phrase (NP) (following 

Latin rules – see 2.1.4). This was done in order to avoid having mixed-length sentences in the 

EEG experiment (i.e., sentences with three words when testing Case morphology and sen-

tences composed of four words when investigating the adjectival position effect). 

 

(4) Venefic-a  siuat  pecuari-um  tidon-um  

      the.witch-NOM.F questions the.farmer-ACC.M  American-ACC.M 

    ‘The witch questions the American farmer.’; Grammatical 

 

(5) *Venefic-a  siuat  pecuari-us  tidon-us  

       the.witch-NOM.F questions the.farmer-NOM.M American-NOM.M 

      ‘The witch questions the American farmer.’; Ungrammatical (two nominative NPs) 

 

Adjectives were placed either before (ungrammatical) or after (grammatical) the noun in the 

second NP (see (6) and (7) below). Once again, adjectives have been assigned the Case form 

correspondent to the second NP (see Table 2.2). 

 

 
 

                                                
22 Ultimately, one is interested in the entire process of L3/Ln development. However, one can only juxtapose 
theories against each other at those points where predictions overlap and where the methodology at hand allows 
so. This being an initial exposure mini language paradigm, attempting to examine the initial interlanguage 
L3/Ln seems practical. This means that other interesting questions stemming from predictions of more devel-
opmental models simply cannot be investigated with the current methodology. For example, the LPM would 
predict different timing—one group taking more and less time to arrive at the target—of acquisition for the 
properties investigated herein. However, given the presence of only one data collection point and that this is 
immediately after initial exposures to the mini language, predictions from the LPM(SM) cannot be properly 
tested here.  
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(6) Famul-us  collustrat er-um  serc-um 

      the.slave-NOM.M observes the.man-ACC.M Spanish-ACC.M 

    ‘The slave observes the Spanish man.’; Grammatical 

 

(7) *Famul-us        collustrat     serc-um  er-um 

       the.slave-NOM.M observes      Spanish-ACC.M the.man-ACC.M 

     ‘The slave observes the Spanish man.’; Ungrammatical (prenominal adjective position) 

 

In order to neutralize any other possible confounding factors when creating the sen-

tences for both the training and the ERP phases (see Table 2.2 below with examples for all 

experimental conditions), all words within their own category (nouns, verbs and adjectives) 

have been used the same number of times. Furthermore, word selection was randomized. In 

the case of the nouns, it was ensured that there was the same amount of masculine-only, fem-

inine-only, and mixed-gender sentences (see Appendix E, Table E1). Finally, the study em-

ployed visual (as opposed to auditory) training and presentation of stimuli, aimed at remov-

ing possible phonological bias (since Latin phonotactics clearly resemble more Italian than 

German ones).  

Table 2.2 The four experimental conditions for the Mini-Latin experiment (see glosses and translations above). 

Test sentence Experimental condition 

VENEFICA SIUAT PECUARIUM TIDONUM Grammatical 

VENEFICA SIUAT PECUARIUS TIDONUS Case violation 

VENEFICA SIUAT TIDONUM PECUARIUM  Adjective violation 

VENEFICA SIUAT TIDONUS PECUARIUS  Double violation 

2.2.4. Experimental Procedure 

2.2.4.1. Mini-Latin 

A pre-training phase, consisting of two vocabulary learning phases (VLP) divided by a con-

solidation period of 2-10 days, familiarized participants with the nouns, adjectives and verbs 

of Mini-Latin prior to the EEG data collection. This was done to allow the participants to 

consolidate their newly acquired lexical knowledge, as advocated in González Alonso et al. 
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(2021)23. The VLP consisted of four training blocks per session. In each block, participants 

were exposed to all 28 lexical items of Mini-Latin. Each item was presented in its nominative 

singular form accompanied by a cartoon picture describing it (e.g., a picture of a bride when 

presenting the word nupta) (see Figure 2.1). Crucially, neither an Italian nor a German trans-

lation was given, in order to avoid any possible language priming effects. Participants were 

instructed to memorize the item and click a button on the button box when they were ready to 

move on to the next item. After each block, participants could take a break or directly start 

with the next one. Every lexical item was presented in its complete capitalized form (i.e., 

every letter within the word was capitalized), to avoid possible facilitation and/or priming 

effects from German (where all nouns are capitalized) (see examples on Table 2.2). This was 

not only the case for the VLP, but for the totality of the Latin experiment (i.e., vocabulary 

learning phase, grammatical learning phase and grammatical judgment task). Once the four 

blocks were completed (i.e., participants were exposed four times to each lexical item), par-

ticipants were tested on their newly acquired vocabulary knowledge. This was assessed via a 

word-matching task. If they scored above 80% in this task (equivalent to at least 22 correct 

responses out of 28 total), the training phase was terminated. Otherwise, they were re-

exposed to the VLP. Failure to reach the 80% accuracy threshold on a second take of the test 

resulted in the exclusion of the participant from the study. After the consolidation break of 2-

10 days, participants returned for the EEG session where they were exposed a second time to 

the VLP (same process as described above). In total, 1 participant (2.01%) was excluded 

from this study during this phase.  

 

 

                                                
23 González Alonso and colleagues (2020)’ findings with a similar methodology indicated effects happening in 
the brain that were not signatures of language processing but rather indices of general attention processing (e.g., 
P300) (see 2.1.3). They hypothesized that this was likely due to a too short training session, i.e., exposure to 
their artificial language was not sufficient. They, therefore, suggested that future work should lengthen and/or 
consolidate exposure, for example, by having multiple exposure sessions with time lapsing between them to 
increase the chances of tapping an initial specification in the new (L3) grammar. This was done here by extend-
ing the vocabulary (lexicon) learning phase over two sessions. The grammar learning phase, however, took 
place only in the second session (see Table 1.1). 
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Figure 2.1 Three distinct examples (noun -top-; verb -center-; adjective -bottom-) as presented in the vocabu-

lary learning phase (VLP). 

 

In the grammar learning phase (GLP), participants were exposed for the first time to 

the Mini-Latin grammar via a presentation of randomized picture-sentence combinations as 

in the example sentence below (8) and Figure 2.2. 

 

(8) Nupt-a  rogat  ludi-am   calic-am 

      the.bride-NOM.F interrogates the.dancer-ACC.F  Italian-ACC.F 

     ‘The bride interrogates the Italian dancer.’ 
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Thus, this phase introduced both nominative and accusative Case morphology (critical item 

ludiam in the sentence before) and adjective position (calicam). Exposure to Case morpholo-

gy and adjectival position was achieved through the presentation of 128 meaningful sentenc-

es in Mini-Latin without explicit teaching/explanations. These sentences resulted from the 

crossing of the 28 lexical items of Mini-Latin. The sentences appeared together with 4 series 

of pictures, where each series was composed of 4 figures. Only one series of pictures depict-

ed the correct lexical order of the sentence. The other 3 were composed so that the resulting 

picture-word did not match: once in the subject position, once in the object position and once 

in the adjective position (see Figure 2.2). This was done to increment the task difficulty, to 

keep the participants motivated and to avoid facilitating the detection of the grammar pat-

terns. Participants were instructed to click on the series of pictures they thought depicted the 

presented sentence. The training session lasted around 45-60 minutes. 

 At the end of the training, participants were tested on their command of Mini-Latin 

through a multiple-choice sentence-picture matching task. Upon presentation of a series of 4 

pictures as explained above, participants were asked to select the one sentence that best rep-

resented the figure among 5 alternatives (9-13):  

 

 

Figure 2.2 Example of one trial of the grammar learning phase (GLP). Participants were required to select with 

the mouse the series of figures that represented the correct lexical order of the sentence. (Top left) Correct lexi-

cal order of the sentence. (Bottom left) Wrong picture-lexical match in the subject position. (Top right) Wrong 

picture-lexical match in the adjective position. (Bottom right) Wrong picture-lexical match in the object posi-

tion. 
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Grammatical sentence  

(9) Nupt-a  rogat  ludi-am   calic-am 

      the.bride-NOM.F interrogates the.dancer-ACC.F  Italian-ACC.F   

     ‘The bride interrogates the Italian dancer.’ 

 

A sentence containing a violation in the Case declination 

(10) *Nupt-a  rogat  ludi-a   calic-a 

         the.bride-NOM.F interrogates the.dancer-NOM.F  Italian-NOM.F   

        ‘The bride interrogates the Italian dancer.’ 

 

A sentence containing a violation in the adjective-noun word order 

(11) *Nupt-a  rogat  calic-am  ludi-am 

         the.bride-NOM.F interrogates Italian-ACC.F  the.dancer-ACC.F 

        ‘The bride interrogates the Italian dancer.’ 

 

A grammatical sentence containing a semantic violation at the level of the noun 

(12) Nupt-a  rogat  famul-um  calic-um  

        the.bride-NOM.F interrogates the.slave-ACC.M  Italian-ACC.M      

      ‘The bride interrogates the Italian slave.’ 

 

A grammatical sentence containing a semantic violation at the level of the adjective 

(13) Nupt-a  rogat  ludi-am   tidon-am 

        the.bride-NOM.F interrogates the.dancer-ACC.F  American-ACC.F       

       ‘The bride interrogates the American dancer.’ 

 

The test consisted of a total of 24 items, in which knowledge of all possible grammatical 

rules of Mini-Latin was assessed. Test sentences (as in 9-13) were randomized, so that their 

order of presentation varied between the items/trials. If they scored above 80% in this task 

(equivalent to at least 22 correct responses out of 28 total), they moved onto the experimental 

phase where EEG was recorded. Otherwise, they were re-exposed to the GLP. Similar to the 

VLP, failure to reach 80% accuracy a second time resulted in the exclusion of the participant 

from the study. In total, 4 participants (8.33%) were excluded from the study during this 

phase. 
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2.2.4.2. EEG/ERP 

The next phase of the second session was the main experiment with EEG recording. Scalp 

EEG activity was continuously recorded while participants read the sentences on a computer 

screen. The rapid serial visual presentation (RSVP) method was employed (i.e., sentences 

were presented word by word), with an inter-stimulus interval of 250 ms and a word presen-

tation time of 450 ms24. As soon as a sentence terminated, a black page with a happy and a 

sad face appeared on the screen indicating that a grammaticality judgment was required. Par-

ticipants were instructed to press a button on a button box using their left (for happy face – 

correct sentence) and right (sad face – wrong sentence) index fingers. While response times 

(RTs) were recorded as an extra measure of behavioral performance, there was no time limit 

to make the decision.  

The ERP experiment was composed of 168 critical sentences, resulting from crossing 

the lexicon from Mini-Latin. To form these sentences, lexical items were crossed as random-

ly as possible, so that all items were repeated the same number of times within their lexical 

category (nouns, verbs, and adjectives). Four sentence versions (i.e., experimental conditions) 

were created: grammatical, Case violation, adjective violation and double violations (alt-

hough the latter condition was not analyzed). Table E1 in Appendix E shows all stimuli with-

in the four experimental conditions in the grammatical judgment task (GJT) (see also Table 

2.2). Violations were either at the level of the noun or at the level of the adjective. Important-

ly, this was always in the third position in the sentence. Thus, grammatical sentences served 

as baseline condition for both Case and adjective/noun word order violations. Crucially, this 

was the first time that participants were consistently (outside from the short test at the end of 

the GLP) exposed to Mini-Latin grammar violations, i.e., to ungrammaticality to the target 

properties. This was done to better appreciate and capture the degree to which the brain re-

sponds to animalities in a newly acquired (mini) language and, therefore, to elicit representa-

tional transfer effects. To prevent any potentially confounding sentence wrap-up effects, a 

pseudo-randomized 500-1000 ms jittered blank page was set before the grammatical judg-

ment page. This alternative path was followed to avoid the introduction of any type of further 

noise/distraction in the sentences (see Stowe et al., 2018 for a review on the falsity of the so-

 

                                                
24 Since data were collected with a portable EEG in different locations, several parameters that are usually con-
trolled for in the lab (e.g., visual angle to the screen, distance from the monitor, etc.) where kept at discretion of 
the participant’s comfort.  
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called wrap-up belief/dogma, at least for this type of data). The 168 sentences (42 for each 

category described above) were divided into four equally long randomized blocks. Partici-

pants took breaks between the blocks and were encouraged to rest their eyes and take as long 

as they needed before continuing with the experiment.  

2.2.5. Adjective and Case Assignment Task 

Upon completion of the ERP experiment, participants performed a last task, where their 

knowledge of morphological Case-marking and adjectival position in German (and also ad-

jectival position in Italian for the HSs) was assessed. This was done to ensure that these 

grammatical properties in the participants’ linguistic representations matched the intended 

values. In each of the three situations, ten grammatical and ten ungrammatical sentences (for 

a total of 60 items) were presented. In the task, sentences were shown in isolation on the cen-

ter of the screen, and participants were instructed to press the green button on the button box 

if they thought the sentence was grammatical, and the red button if otherwise. A short set of 

three trials familiarized participants with the procedure before every block (representing the 

three different situations). Accuracy and response times (RTs) were collected for each re-

sponse. There were no time restrictions in this task and participants were encouraged to favor 

accuracy over speed. As expected, results showed full alignment across the board with the 

expected grammatical properties in both German (Case morphology and adjective position) 

and Italian (adjective position - only for the HSs). 

2.2.6. Behavioral Data Analysis  

Raw accuracy scores and RTs for the three conditions (grammatical, Case and adjective vio-

lations) were submitted to statistical analysis. For the RTs analysis only, all data points below 

200 ms and/or inaccurate (14.1% of all trials) were excluded from the analysis. Generalized 

linear models (binomial family) were employed to analyze the accuracy data (see Appendix 

H, Tables H1 and H2). Generalized linear mixed models were performed for RTs (see Ap-

pendix H, Tables H3 and H4).  
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2.2.7. EEG Recording and Analysis 

The EEG signal activity was continuously recorded at the level of the scalp with 32 active 

electrodes (ActiCap, Brain Products, Inc. – see Appendix F, Figure F1) fitted in elastic caps 

following the 10-20 system. AFz served as the ground electrode whereas FCz as online refer-

ence. Offline re-referencing was done to the average of the mastoid (TP9/10) electrodes. Hor-

izontal and vertical eye movements (blinks) were monitored by means of the fronto-polar Fp1 

and Fp2 electrodes located just above the eyebrows. A LiveAmp amplifier (Brain Products, 

Inc.) was employed to amplify the signal. Data were recorded with an online filter of 0.01-

200 Hz and digitized continuously at a 1 kHz sampling rate. EEG data preprocessing was 

performed on Brain Vision Analyzer 2.1 (Brain Products, Inc.). All trials were used for the 

EEG analysis, regardless of accuracy in the GJT (e.g., González Alonso et al., 2020; Mickan 

& Lemhöfer, 2020; Tanner et al., 2013; VanRullen, 2011). First, data were filtered with a 

band-pass filter of 0.1–30 Hz. Independent component analysis (ICA) was done on the whole 

dataset to take care of eye movements and blinks (512 steps, infomax gradient restricted). 

After re-referencing to the mastoids, the continuous EEG was segmented into 1500 ms long 

epochs with reference to the critical word. Epochs started with a 300 ms pre-stimulus base-

line and ended 1200 ms post-stimulus onset. Artifact rejection was done semi-manually and 

then manually inspected (drift, excessive muscle artifact, blinks, blocking, etc artifacts were 

monitored) and resulted in the exclusion of 0.76% of the total amount of trials. The remaining 

epochs were first baseline corrected (300 ms relative to the pre-stimulus baseline) and aver-

aged per condition within each participant.  

Based on predictions of the L3 models and findings from previous literature on 

L2/L3 acquisition mini grammar and language processing, the following time windows of 

interest were isolated by looking at mean amplitudes: 200-500 ms, where the N200/P300 and 

the N400/LAN components tend to occur (Kaan, 2007; Kutas & Hillyard, 1980; Molinaro et 

al., 2015) and the 300–600 ms and 400–900 ms, largely corresponding to the typical time 

window of the P600 (Alemán Bañón et al., 2012; Kaan, 2007). The analyses were performed 

on subsets of electrodes divided into nine regions of interest (ROIs; left anterior: F3/7, FC1/5; 

right anterior: F4/8, FC2/6; left medial: CP1/5; right medial: CP2/6; left posterior: P1/3/7; 

right posterior: P2/4/8; midline anterior: Fz; midline medial: Cz; midline posterior: Pz) (Ku-

bota et al., in preparation). Mean amplitudes for electrodes within these regions were used as 

dependent variables for the computation of factorial repeated-measures ANOVAs for each 
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time window of interest. Lateral and midline electrode analyses were carried out separately 

(Alemán Bañón & Rothman, 2016; Gillon Dowens et al., 2010; González Alonso et al., 

2020). ANOVAs included Condition (grammatical, Case or adjective violation), Hemisphere 

(right, left) and Caudality (anterior, medial, posterior) as predictors for lateral electrodes, 

whereas for the midline the models only included Condition and Caudality. Huynh-Feldt ep-

silon estimate corrections were employed in those cases where the assumption of sphericity 

was violated (see Mauchly’s test) for either a main effect or interaction. This type of correc-

tion, while less conservative than Greenhouse-Geisser estimates, is particularly appropriate 

for those data that inherently have larger between- and within-subject variability (see Gonzá-

lez Alonso et al., 2020). One-way repeated measures ANOVAs were run as follow-up analy-

sis of significant interactions. Analyses of behavioral and ERP data were conducted in R (R 

Core Team, 2021) using the following packages: lme4 for linear mixed models (Bates et al., 

2015), EMMs for the post hoc comparisons of the linear mixed models results (Searle et al., 

1980) and ez for repeated-measures ANOVAs (Lawrence, 2016).  

2.3. Results 

2.3.1. Behavioral Data 

Accuracy and response times were collected for each condition (grammaticality, Case and 

adjective violations) for both groups. Table 2.3 provides an overview of descriptive statistics.  

 

Table 2.3 Mean accuracy (%) and reaction times (ms) with standard deviations for the three analyzed conditions 

in both groups.  

    Accuracy (%) Reaction times (ms) 

Group Condition Mean SD Mean SD 

German L2 group Grammatical 95.2 21.5 768 798 
 Case violation 94.4 23 618 984 
 Adjective violation 85.5 35.3 861 1288 
      

Heritage Speakers Grammatical 94.9 22 534 1098 
 Case violation 88.4 32 454 594 
 Adjective violation 67.5 46.9 642 973 

 

The results for accuracy show a main effect of group (E = -1.04, z = -8.78, p < 0.001) which 

shows that the subjects from the German L2 group were overall more accurate than the HSs. 
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Further analyses of contrasts show that for both Case violation (E = 0.79, z = 4.45, p < 0.001) 

and adjective violation (E = 1.04, z = 8.78, p < 0.001) the German L2 group performed better 

than the HSs (see Appendix H, Tables H1 and H2 for a complete overview of the results). For 

the RT data, generalized linear mixed models with an inversed gaussian family were fit. A 

maximal model was initially fit that included condition and group as fixed factors (main ef-

fects and interaction), as well as random intercepts for participants and items (Latin words) 

and random slopes for condition within both. Next, random slopes and intercepts were decor-

related and random slopes removed accounting for the least amount of variance until a model 

achieved convergence. The final and best fit model included random intercepts for partici-

pants and items, but random slopes of condition only for participant. There were no main 

effects and also no interactions between group and condition of interest (all ps > .1). In sum, 

the behavioral data indicate that the German L2 group tends to perform better than the HSs 

group.  Behavioral data have been presented as a form of completeness. However, since the 

experiment was designed in the first place to obtain maximal explainability at the brain level, 

from now on moving forward only the neurophysiological data are discussed. 

2.3.2. ERP Data 

Only main effects or interaction with the Condition factor are reported here (i.e., main ef-

fects/interactions involving exclusively Caudality and Hemisphere are excluded) (see Figures 

2.3-2.6 for representative ERP and topographical representations for the two groups). The full 

output of the omnibus ANOVA for each time window in both groups (HSs and German L2 

learners) and conditions (Case morphology and adjective position violations against the base-

lines) can be found in Appendix H (Tables H5-H28). 



Study I 

 

   

 

77 

2.3.2.1. Heritage Speakers 

 

Figure 2.4 Topographical distribution maps of the difference wave for the Case-grammatical condition contrast 

for the HSs group in the Mini-Latin experiment. 

2.3.2.1.1. Case Morphology  

200-500 ms 

A very strong main effect of Condition (F(1,14) = 18.7, p < 0.001, η2 = 0.1) in the lateral 

electrodes was observed in the 200-500 ms time window for the comparison between Case 

morphology and baseline conditions in the heritage bilinguals. The analysis of the midline 

electrodes yielded similar results, with a main effect of Condition (F(1,14) = 13.5, p = 0.003, 

η2 = 0.07). In both cases, interactions with Hemisphere and Caudality were not significant, 

Figure 2.3 Grand Average ERP waveforms for the grammatical (black) and Case morphology (red) conditions 

in Mini-Latin at electrodes P7, Cz and F4. Since the effect was widespread over the scalp, three representative 

electrodes were selected (one for each region: parietal, central and frontal). 
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meaning the increases in negative voltage in lateral and midline electrodes in the Case viola-

tion condition with respect to the baseline were evenly distributed (Figures 2.3 and 2.4).    

 

300-600 ms 

Once again, the analysis of Case morphology against the baseline condition resulted in a 

trend and a main effect of Condition for both lateral (F(1,14) = 14.2, p = 0.002, η2 = 0.08) 

and midline (F(1,14) = 6.87, p = 0.02, η2 = 0.04) electrodes, followed by no interactions with 

either topographical factors. This means that an increase in voltage for the Case violated con-

dition in comparison to the baseline was found across the whole scalp (Figures 2.3 and 2.4).  

 

400-900 ms 

In contrast to the two previous time windows, no significant effect of Condition was found 

for both lateral (F(1,14) = 1.1, p = 0.31) and midline (F(1,14) = 0.0, p = 0.92) electrodes. 

These findings suggest that Case morphology violations did not elicit a different response 

from the grammatical condition in the 400-900 ms time window.  

2.3.2.1.2. Adjective Position  

200-500 ms 

For the time window 200-500 ms and comparison between adjective violations and baseline 

in the HSs, no main effects of Condition were found for both lateral (F(1, 

14) = 1.58, p = 0.23) and midline (F(1,14) = 0.48, p = 0.5) electrodes. Further, no interaction 

effects for both lateral and midline electrodes were found with either of the topographical 

factors. 

 

300-600 ms 

Similar to the previous time window, also here no main effects of Condition were found for 

both lateral (F(1,14) = 1.28, p = 0.28) and midline (F(1,14) = 0.38, p = 0.55) electrodes. Con-

sequently, no interactions with Hemisphere and Caudality were found for both electrode po-

sitions. 

 

400-900 ms 

Same as in the previous two time windows, there were no main effects of Condition for both 

lateral (F(1,14) = 1.12, p = 0.3) and midline (F(1,14) = 0.28, p = 0.6) electrodes, as well as no 
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two-way or three-way interactions with this factor. This indicates that adjective position vio-

lations did not elicit a different response from grammatical sentences in the 400–900 ms time 

window. 

2.3.2.2. German L2 Group 

Figure 2.5 Grand Average ERP waveforms for the grammatical (black) and adjective position (red) conditions 

in Mini-Latin at electrodes P8, FC1 and CP2. Since the effect was widespread over the scalp, three representa-

tive electrodes were selected (covering most of the scalp regions: parietal, fronto-central and centro-parietal). 

 

Figure 2.6 Topographical distribution maps of the difference wave for the adjective position-grammatical con-

dition contrast for the German L2 group in the Mini-Latin experiment. 

2.3.2.2.1. Case Morphology  

200-500 ms 

No significant main effect of Condition nor of any two-way and/or three-way interactions 

with Hemisphere and Caudality were found in both the analysis of the lateral and midline 

electrodes. 
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300-600 ms 

No significant main effects of Condition were found in the lateral (F(1,26) = 0.56, p = 0.46) 

or midline (F(1,26) = 0.63, p = 0.43) electrode sites in the 300–600 ms time window. Like-

wise, there were no significant interactions of Condition with either of the topographical fac-

tors (Hemisphere and Caudality). 

 

400-900 ms 

As in the other two time windows analyzing Case morphology violations against the baseline 

in the German L2 group, no significant main effects in both lateral (F(1,26) = 0.09, p = 0.76) 

and midline (F(1,26) = 0.27, p = 0.6) electrodes were found. Similarly, no significant interac-

tions with Hemisphere and Caudality were observed. 

2.3.2.2.2. Adjective Position  

200-500 ms 

In the lateral electrodes, the omnibus ANOVA revealed a main effect of Condition 

(F(1,26) = 6.45, p = 0.02, η2 = 0.03) for adjective position violations in the 200-500 ms time 

window. This indicates that scalp voltages were more positive in the adjective violation con-

dition as compared to grammatical sentences. This effect seems to be broadly distributed, as 

all two-way and three-way interactions with the topographical factors were not significant. A 

very similar significant main effect of Condition was also found in the analysis of the midline 

electrodes (F(1,26) = 6.05, p = 0.02, η2 = 0.03). Also here, the two-way interaction between 

Condition and Caudality was not significant (F(2,52) = 0.53, p = 0.59). This indicates an in-

crease in positive voltage (Figures 2.5 and 2.6) evenly distributed along the midline elec-

trodes in adjective violations compared to the baseline. 

 

300-600 ms 

A main effect of Condition (F(1,26) = 7.57, p = 0.01, η2 = 0.03) was found in the lateral elec-

trodes in the omnibus ANOVA. Since all two-way and three-way interactions with the other 

factors were not significant, this effect indicates an increment in voltage distribution over the 

whole scalp for adjective violations in comparison to the baseline. Similarly, the analysis of 

the midline electrodes yielded a main effect of Condition (F(1,26) = 5.45, p = 0.03, η2 = 

0.01), but no interaction of Caudality (F(2,52) = 0.47, p = 0.63), indicating that this increase 

in positive voltage was equally distributed (Figures 2.5 and 2.6).  
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400-900 ms 

Two trend effects of Condition were observed for the lateral (F(1,26) = 4.04, p = 0.054, η2 = 

0.02) and midline electrodes (F(1,26) = 3.47, p = 0.07, η2 = 0.02) in this time window for the 

comparison between adjective violation and baseline voltages. However, no two-way and 

three-way interactions were found for both lateral and midline electrodes, indicating that the 

trends for the increase in voltage between adjective violations and baseline conditions were 

uniformly distributed (Figures 2.5 and 2.6). 

2.3.3. Summary of ERP Results 

Case violations elicited in the HSs group strong and broadly negative distributed main effects 

in both 200-500 ms and 300-600 ms time windows, which then dissipated in the latest period. 

No effects were found for the German L2 group across the board. Adjective violations, on the 

contrary, seem to produce distributed positivities in the first two time windows in the German 

L2 group and no effects in the HSs.   

2.4. Discussion  

The data presented above do not seem to conform, at least not straightforwardly, to the ex-

pectations of any of the current L3/Ln models. However, they nevertheless depict neurophys-

iological differences between the two groups and the two linguistic domains. As such, find-

ings are unpacked in a two-step manner: (i) how they deviate from the predictions described 

above and, crucially, what I might take that to mean at the theoretical and methodological 

levels and (ii) then attempt to interpret what the data reveal regarding the very initial stages 

of interlanguage L3/Ln transfer and processing under a novel mini grammar paradigm. Alt-

hough, for reasons to be discussed in detail, the present data give few insights into the adjudi-

cation between the existing L3/Ln models originally aimed to be tested herein. Instead, I ar-

gue they offer crucial insights into what is happening at the very earliest stages in 

multilingual language acquisition, which is important information to have for modeling and 

understanding developmental sequencing and outcomes. 
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2.4.1. Revisiting the Initial Predictions 

To the extent one could tap initial L3 interlanguage representations with this methodological 

paradigm, I posited that the TPM (holistic transfer model) would predict Italian to be the 

source of transfer as the initial interlanguage grammar for the HSs and English would be the 

source for the L2 learners. As a result, the TPM would have predicted a sensitivity (N400-

P600 biphasic response or P600) for the adjectival position violations from the HSs and no 

sensitivities for either domain from the German L2 group. Alternatively, the LPM/SM (prop-

erty-by-property transfer models) could predict German transfer for Case morphology for 

both groups (i.e., either N400-P600 biphasic responses or a P600) and sensitivity for adjec-

tive violations for the HSs (see Table 2.1). Similar to what was observed in González Alonso 

et al. (2020) (although they were testing a slightly different set of models), the ERP predic-

tions derived from the TPM and the LPM/SM were not attested (see footnote 21 for a short 

explanation of why testing models such the LPM/SM with a purely ab initio paradigm is not 

necessarily ideal). That is, a quick comparison with the findings herein reveals that the data 

do not conform with any of the scenarios described.  

The early N200/N400 broadly distributed negativity for Case was not anticipated by 

any of the models (at least not in this form). Indeed, despite both groups knowing German 

where the relevant morphosyntactic features are instantiated (although not exactly in the 

same form - see 2.1.4) and thus, in principle, available for transfer, the TPM predicts neither 

group to be particularly sensitive to Latin Case because Italian, the predicted sole source of 

transfer for the HSs group, and English, the transfer source for the German L2 group, do not 

make the relevant features available for transfer effects. As for the LPM/SM, they would 

have expected some effect from German at this property level, although it is possible (to 

acknowledge that it might matter for transfer effects) that German and Latin realize these 

features differentially in their surface form (see 2.1.4). In any case, the qualitative nature of 

the signature observed—early negativity—is not reminiscent of morphosyntactic processing 

per se. The fact that it also only occurs for the HSs leads me to ponder alternative understand-

ings of this effect (2.4.2). 

Similarly, the broadly distributed P600 for adjectival position observed for the Ger-

man L2 group only is not anticipated by either the TPM or the LPM. This is the case because 

there is no previous source of transfer that could have provided transfer features for this 

group. While this word order asymmetry is represented in the Latin stimuli themselves and 
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thus could have been acquired/learned in the course of the experiment, the question remains 

as to why this only happened for the German L2 group. Minimally, the LPM should have 

predicted that the Italian HSs would be quicker in acquiring this domain—facilitation at the 

property level—and the TPM would have flat out predicted only the HSs to show early sensi-

tivity. Thus, the fact that only the German L2ers show this sensitivity is an equal quandary 

for all models.  

Suffice it to say for now that, crucially, no current L3/Ln model that I am aware of, 

including the existing models not directly appealed to and addressed here (but reviewed in 

section 1.4.1), would have predicted the pattern of findings from the presented data. Im-

portantly, however, all predictions were posited on the assumption that transfer would have 

already taken place during testing. However, I maintain that the findings rather seem to indi-

cate that the amount of exposure, even with consolidation between the two lexical learning 

sessions (as advocated in González Alonso et al., 2020), in the current design was not suffi-

cient to be tapping the first stage(s) of an emerging L3 interlanguage, i.e., representational 

interlanguage transfer. If this is the case, that is, that the data are not revealing patterns of L3 

interlanguage grammar itself as I argue below, then the data might rather be better positioned 

at informing how one approaches the mini grammar learning paradigm differently from early 

stages of naturalistic acquisition and/or the processes of language learning. That is, they are 

likely showing processes of attending to linguistic stimuli at a stage prior to when transfer is 

likely to occur in an L3/Ln scenario.  

2.4.2. Expanding the Findings Beyond the L3/Ln Models 

No L3 study so far, to the best of my knowledge, has claimed to show evidence of transfer 

after such a short period of time (around 1 hour) and minimal exposure. This might be the 

case because none of the current models of L3/Ln acquisition offer precise estimations re-

garding the timing of transfer selection. On the one hand (i) the TPM’s cue hierarchy (see 

2.1.1), for example, provides a rubric of timing closely dependent on the overall similarity 

(typology) between the L3 and the source languages. Moving through the different levels of 

the TPM’s hierarchy requires both increasing exposure and time. This, in turn, means that 

there will be inevitably a delay in time in language triads where the L3 does not display a 

close resemblance to either the L1 or the L2 (at least at the lexical and/or phonological lev-

els). On the other hand, models like the LPM assume incremental learning as a result of pro-



Study I 

 

   

 

84 

cessing, making early unstable representations increasingly stable. Given incremental learn-

ing, the LPM would not expect different properties to stabilize at exactly the same time, but 

be dependent on various factors, e.g., input frequency and complexity. Moreover, this also 

means that the best (if not the only) way to test the LPM predictions would be to follow de-

velopmental L3/Ln learning over time. Under both models, however, it is not immediately 

clear that the paradigm of mini grammar learning, at least a non-longitudinal approach as 

undertaken herein, is optimal to test either model’s predictions independently or indeed 

against one another’s. Extending out the learning of Mini-Latin as a longitudinal study would 

potentially remedy some of the inherent confounds, especially making it able to test the 

claims of differences in increasing stability of properties between sets of learners as advocat-

ed by the LPM. As the method was deployed, it is possible, if not likely, that all that was ob-

served reflects how the participants approached the doing of this specific task itself. The HSs 

seem to be more sensitive to overt morphological marking overall resulting in greater atten-

tional resources focusing on Case pattern anomalies and the L2ers were somehow better at 

intuiting the Latin rule of adjectival ordering. However, none of this is a direct reflection of 

linguistic transfer effects per se. And so, in line with González Alonso et al. (2020), I do not 

believe that using a mini grammar paradigm, despite very good reasons to have tried it, as has 

been done herein is a viable method for testing the current L3 models.   

 In light of the above, the answer to RQ1: “Can neurophysiological signatures 

(EEG/ERPs) inform models of multilingual morphosyntactic transfer?” is complicated to 

answer. Based on these data, it can be simply said that the way the method was applied under 

the conditions in the present experiment is not ideal to be informative. However, this certain-

ly does not mean that outside of a mini grammar paradigm (or potentially with it in a longitu-

dinal application) EEG/ERPs as a method is not effective. In fact, given the contributions 

EEG has offered for other contexts of bi-multilingual acquisition, I am very confident that 

this method would be just as informative for examining L3/Ln theories in the lab and in the 

wild (under scenarios of classroom and naturalistic learning) as it has been for examining L2 

acquisition. Nevertheless, even the present data are relevant for addressing the spirit of what 

was asked in RQ2: “What do data from HSs bring to bear for answering RQ1 as well as un-

derstanding how they might differ from L2 learners when acquiring additional languages in 

adulthood?”. Below, the second part of this question and the two most salient patterns of 

results are discussed (N200/N400 for Case for the HSs and P600 for adjective position for the 

German L2 learners). 
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The ongoing, broadly distributed negativity starting in the 200-500 ms window and 

stretching over to the 300-600 ms for the HSs in Case violations can be interpreted in two 

different ways. First, this result could signalize an N400. Although this component usually 

tends to be maximally present over centro-parietal regions, it is not uncommon to find it 

within a more widespread scalp distribution (see Curran et al., 1993; Friedrich & Friederici, 

2006; Grainger & Holcomb, 2009; Wlotko & Federmeier, 2013). Studies in language pro-

cessing and acquisition in native speakers tend to find P600 effects alone (e.g., Alemán 

Bańón et al., 2012; Frenck-Mestre et al., 2008). However, even though mostly found in de-

velopmental data of non-native speakers, N400 effects alone or combined with a later P600 

have been reported for properties such as Case (Carrasco-Ortíz et al., 2017; Tanner et al., 

2013). This would be a plausible explanation for the N400 effect indicating early grammati-

cal transfer from German in property-by-property models, but this should only be considered 

a strong possibility if, at the same time, a similar effect would have been found in the other 

group (the L2 learners - see Table 2.1), as predicted by the LPM/SM. Given that this is not 

the case, what is then observed in the HSs?  

To answer this question, which leads to the second interpretation of the early negativi-

ty, two possible explanations are offered. On the one hand, it might indeed be a classic N400, 

but instead of relating to any interlanguage transfer effects, it highlights task-learning pat-

terns. In other words, the data are not showing underlying patterns of representational transfer 

in the first stages of multilingual language acquisition, but simply processes of task-learning 

in a broader sense (despite this not being the most common view for the N400, but see, for 

example, Guajardo & Wicha, 2014; Tanner & Van Hell, 2014). On the other hand, and possi-

bly more intriguing, the data might indicate a long-stretched N200 component. This is more 

likely considering that the onset of the early negativity is a bit earlier than one would expect 

for a classic N400 (see Figures 2.3 and 2.4). The N200 component, sometimes reported as 

“N2-P3 complex” (i.e., coupled with the P300 component), signals three different types of 

processes depending on the task/condition: (1) either a fronto-central (anterior) component 

related to attention and detection of novelty/mismatch from a perceptual known template, (2) 

a second fronto-central component related to cognitive control (encompassing response inhi-

bition, response conflict, and error monitoring), and (3) a rather posterior N200 related to 

aspects of visual attention (Folstein & Van Petten, 2008; Näätänen & Picton, 1986). Given 

the nature of the task herein and the topography found, I posit that this is likely an N200 of 

type (1). Studies employing oddball paradigms or, in general, some type of tasks where com-
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plex novel stimuli are presented in contrast to habituated situations/stimuli find patterns of 

results consistent with a description of the N2 novelty effect as arising from a “deviation from 

a predominant stimulus category” (see Demiralp et al., 2001; Ghani et al., 2020; Polich & 

Comerchero, 2003). Similarly, in matching tasks, template-matching effects are observed, 

i.e., N200 enhanced responses are detected when the second stimulus in a pair does not match 

the first (see Czigler et al., 2006; Kimura et al., 2006; Wang et al., 2003, 2004).  

What could this possibly mean in the context of the present experiment? I submit that 

heritage bilinguals are directing their focus and attention differentially, thus picking up some 

type of novelty/mismatch in the Mini-Latin language and structure, specifically where it re-

lates to a surface morphological form pattern mismatch. Recall that by the time of testing, 

participants were never exposed to ungrammatical structures. The N200 might, therefore, be 

a sign of allocating of early attentional resources and detection of novelty/mismatch in un-

grammatical versus acquired/learned Mini-Latin properties. Since only HSs are displaying 

this behavior, the question that arises is why only this group shows this effect. First, since the 

main linguistic difference between the two groups is the presence of Italian (and Italian 

grammar) in the HSs (both groups having German as a native language and mid-high English 

proficiency), and since Italian has a wide-spread “matching” (declension and inflectional 

morphology) system at all lexical levels (nouns, adjectives, articles/determiners and pro-

nouns) (Acquaviva, 2009; Pescuma et al., 2021), it might follow that the presence of Italian 

in their mind/brain is helping them at better tuning and matching the observed patterns in 

Mini-Latin. But this is likely not the whole story given that German also has quite rich mor-

phological paradigms. And so, if there is an effect of Italian in this general regard it is likely a 

cumulative one (having two relatively speaking rich morphological languages) that helps the 

HSs to be more attentive to morphological patterns overall. Secondly, whether related to the 

first point or not, the temporal experience with bilingualism might matter either in terms of 

age of onset, total duration of bilingualism or some interaction between the two. In other 

words, the observed differences to novel language learning might arise due to the longer ex-

perience the HSs have with being bilinguals in comparison to the German L2 group. The is 

no verifiable way to know with the present data which position better explains the pattern of 

results, but there are reasons to highlight this as a valuable (and viable) inquiry for future 

research.  

The P600 in adjective/noun position violations also cannot be straightforwardly ex-

plained as a sign of representational transfer at the initial levels of L3/Ln interlanguage pre-
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cisely because it was obtained only for the group, the German L2 learners, whose previously 

acquired language should not permit such transfer. In fact, if anything, both kinds of models 

(holistic vs selective transfer) would predict the opposite effects for this linguistic domain, 

i.e., transfer from Italian and, therefore, for the HSs group only. The only possible explana-

tion for this effect is that the subjects within the German L2 group have managed to learn in 

such a short amount of time the adjective/noun patterns/rules of the mini language (see above 

for a similar interpretation for the N200/N400 result). In this case, the P600 highlights signs 

of repair/integration of the pattern being broken (adjective/noun position violation with re-

spect to the baseline condition). It might be the case that the L2ers were able to focus more 

on this because the word order is quite odd in both German and English—the languages they 

knew—therefore making it stand out more in the provided Latin input. Alternatively, because 

for this property, the HSs know a language that allows one or the other order, the pattern of 

N-A was not salient (yet) as it was for the German L2 learners. Note that the P600 is not an 

index of linguistic processing per se, but rather reliably appears when (linguistic) repair is 

needed. Thus, the P600 observed here is compatible both with learning of the rule as a lin-

guistic one—where its violation induces morphosyntactic repair—or as a pattern rule that is 

not linguistic per se but induced a similar type of repair. I am more inclined to the former 

possibility considering the reduced nature of the exposure and the closed nature of the gram-

mar in the experimental conditions. Since this could not come from linguistic transfer as dis-

cussed, it is much more likely to be reflecting pattern matching anomaly detection, which in 

the context of the present experiment happens to be mapped onto language. In other words, in 

both cases, I believe that the early negativity and the apparent P600 reflect processes of how 

the two groups approached the experimental conditions/paradigm themselves more than lin-

guistic specific processing per se. 

 If I am on the right track, despite the data revealing differences in how early versus 

later bilinguals might approach novel learning paradigms differentially, it seems to be the 

case that such a short training exposure is insufficient to tap what originally hoped to tap, that 

is, into processes of multilingual interlanguage transfer. Rather, the observed results seem to 

reflect less linguistically and more learning-wise approaches to accomplishing the task. 
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2.5. Conclusion 

The findings herein do not support any of the models of L3/Ln language acquisition and 

transfer, but it is not clear that they (can) speak against them in any meaningful way either. In 

fact, the very nature of the current methodological paradigm, at least how I and others have 

thus far applied the mini grammar learning method in L3/Ln, seems unable to capture the 

effects I was probing for. Thus, if future studies aim at pursuing this route, and I believe there 

is good reason to do so, they must increment the exposure time to the grammar of the acquir-

ing (mini) language and ideally be longitudinal. Increasing to several consolidation periods 

will make the mini grammar paradigm more ecologically valid in terms of comparison to real 

language learning and it will also permit time for transfer proper, if existent, to kick in. In-

crementing the number of linguistic properties under investigation (taking into consideration 

their difference in structural complexity and how they relate to the L1 and L2) and examining 

development iteratively of the mini language L3/Ln over time will increase the chances of 

meaningfully testing models against one another. Such an approach can capture both an ab 

initio L3 interlanguage grammar to determine if transfer is then complete as argued by the 

TPM, as well as later developmental L3 states to determine whether groups predicted to sta-

bilize specific properties sooner or later relative to each other really do as predicted by mod-

els such as the LPM/SM. Electrophysiological measures should be assessed in more than one 

session in order to follow the acquisitional development and capture possible neural changes 

at all levels (sensory, higher-order processing, interlanguage grammar transfer) of language 

acquisition and processing. Finally, studies combining an artificial language paradigm with 

ERPs in second language acquisition have shown that explicit training generally leads to 

higher performance and earlier native-like neural processing in comparison to implicit learn-

ing (Batterink & Neville, 2013, 2014; Goo et al., 2015; Morgan-Short et al., 2020; Norris & 

Ortega, 2000). This might indicate that explicite language training might be a more effective 

technique to achieve native-like processing in subsequent (artificial) language learning, and 

could be consider in future L3/Ln EEG studies. I believe that via combinations of clever-

constructed designs the present predictions (and the ones related in Rothman et al., 2015 and 

González Alonso et al., 2020) would be in a much better position to be tested.  
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3. Study II: Resting State EEG Correlates in Heritage 

Bilingualism25 

 

Abstract 

This study uses resting state electroencephalography (EEG) data from 103 bilinguals to un-

derstand how determinants of bilingualism may reshape the mind/brain. Participants com-

pleted the Language and Social Background Questionnaire (LSBQ; Anderson et al., 2018b), 

which quantifies language use and crucially the division of labor of dual language use in di-

verse activities and settings over the lifespan. Correlations between the degree of active bi-

lingualism with power of neural oscillations in specific frequency bands were hypothesized. 

Moreover, levels of mean coherence (connectivity between brain regions) were anticipated to 

vary by degree of bilingual language experience. Results demonstrated effects of Age of 

L2/2L1 onset on high beta and gamma powers. Higher usage of the non-societal language at 

home and society modulated indices of functional connectivity in theta, alpha and gamma 

frequencies. Results add to the emerging literature on the neuromodulatory effects of bilin-

gualism for resting state EEG (rs-EEG) and are in line with claims that bilingualism effects 

are modulated by degree of engagement with dual language experiential factors.  

 

 

 

 

 

 

                                                
25 An earlier version of this section is published as Pereira Soares, S. M., Kubota, M., Rossi, E., & Rothman, J. 
(2021). Determinants of bilingualism predict dynamic changes in resting state EEG oscillations. Brain and Lan-
guage, 223, 105030. 
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3.1. Introduction 

Having more than one linguistic system in a single mind and, thus, managing the mental jug-

gling of bilingualism—e.g., tension between activation, selection, and inhibition at many 

levels (e.g., Kroll et al., 2012)—requires some level of increased engagement of language 

control and domain-general executive functions (EFs). Although having knowledge of two 

languages is a defining characteristic of bilingualism, it is dynamic. In other words, bilingual-

ism is not a monolithic phenomenon. The label “bilingual” encompasses a considerable array 

of types of speakers, from simultaneous child acquirers in bilingual societies, to late adult 

second language learners in and outside of linguistic immersion, to minority (heritage) lan-

guage speakers growing up in societal monolingualism and many more cases along a sizeable 

continuum. As a result, opportunities for engagement with experiences of bilingualism are 

not equal. Rather, they vary across a wide range of dimensions at aggregate and individual 

levels —e.g., age of onset, duration of bilingualism, intensity and degree of usage (in real and 

apparent time), (shifts) in linguistic dominance (over time), exposure to/training in literacy, 

variation in input (quantity and quality), social networks for language use, sociopolitical con-

texts (Surrain & Luk, 2019). Thus, it should come as no surprise that linguistic, social and/or 

neurocognitive outcomes of bilingualism display significant degrees of variation.  

Although the relevant mechanisms underlying bilingual mind/brain adaptations are 

not yet fully understood, bilingualism has been shown to reshape the brain and modulate its 

ability to process information (e.g., Bialystok et al., 2012; Pereira Soares et al., 2019; see 

Pliatsikas, 2019 for a review). While being bilingual is a necessary condition for relevant 

neurocognitive effects, it is clearly not a sufficient one. Recent work has shown that variabil-

ity in bilingual language experience is a good predictor for the existence, extent and degree of 

individual adaptation (DeLuca et al., 2019; DeLuca et al., 2020; Li et., 2014; Pliatsikas et., 

2015). While cognitive effects, especially in executive functions behavioral performance, are 

not always attested (see Lehtonen et al., 2018; Nichols et al., 2020; Paap et al., 2015; Paap, 

2016), several factors must be considered to understand their phantom-like appearance across 

studies (Bak, 2016; Bialystok, 2017; Leivada et al., 2021). While several (at least partially 

overlapping) factors are likely to contribute to the variability in result patterns (Grundy, 

2020), one that has received particular attention in the past few years regards how bilingual-

ism is defined, operationalized and measured across studies (Luk & Bialystok, 2013; Surrain 

& Luk, 2019). Treating bilingualism as a binary variable, as has often been done in the litera-
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ture, can lead to the washing out of dynamic factors, obscuring (the full picture of) what de-

terminants of bilingualism lead to neurocognitive adaptations (Bialystok, 2016, 2017). In-

deed, recent empirical work provides compelling evidence that a more nuanced approach to 

quantifying and qualifying bilingualism at the individual level matters a great deal. By situat-

ing individuals along a continuum of experiential variables and engagement with bilingual 

activity, data reveal the context-dependency of the social milieu of bilinguals to the opportu-

nities individuals ultimately have for achieving mind/brain effects (DeLuca et al., 2019; 

Gullifer & Titone, 2020; Luk & Bialystok, 2013; Sulpizio et al., 2020).  

Couched within the growing literature seeking to unpack outcome variation across bi-

linguals themselves in the domain of neurocognition, the present study uses resting state EEG 

(rs-EEG) to investigate how bilingual experience affects underlying cognitive systems. In 

such an endeavor, variation in the pool of bilinguals considered is essential. Thus, the partici-

pants in the present study represent a set of diverse backgrounds with regards to various fac-

tors, including but not limited to type of bilingualism, age of onset, duration of bilingualism, 

intensity of engagement with language usage and geographical location. Differently from the 

more commonly used EEG technique of event-related potentials (ERPs) associated with a 

specific task (linguistic or cognitive), rs-EEG measures the ongoing brain signal in a task-free 

context of wakeful rest. At the cellular level, rs-EEG represents the intrinsic synchronizing 

firing of neurons and, thus, the spontaneous, oscillatory, and endogenous functioning of the 

brain (Berger, 1929; Buzsáki et al., 2012). By recording the signal from the “resting” brain, 

one can extrapolate measures and information regarding the brain’s intrinsic dynamics. Task 

and instruction free oscillatory brain activity has been linked to general neural functioning, 

that is, an indicator of the “readiness” of the neural system or a “signature” of an individual’s 

neural functioning at any given point in time (Miall & Robertson, 2006; Raichle et al., 2001; 

Raichle & Snyder, 2007). Rs-EEG slowly shifts with increasing age, likely reflecting neural 

reorganization and cognitive development from infancy to young adulthood and aging (An-

derson & Perone, 2018; Buzsáki, 2006; Doppelmayr et al., 2002; Klimesch, 1999). Im-

portantly, however, it remains fairly stable over shorter periods of time (Anderson & Perone, 

2018; Salinsky et al., 1991). As such, rs-EEG is likely to reflect past and more recent life 

experiences by modulating, maintaining and updating short and long-range brain pathways 

(Raichle & Snyder, 2007). In other words, the accumulating (mostly repeating) cognitively 

complex and engaging experiences during one’s lifespan get intrinsically saved and imprinted 

in differential brain patterns. This allows one to be as ready as possible for present and future 
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events. Rs-EEG (and magnetic resonance spectroscopy - MRI) has been widely used in the 

cognitive neuroscience literature to examine the potential role cognitive demanding lifestyle 

enrichment factors have on underlying cognitive/brain functioning in specialized groups such 

as athletes (e.g., Babiloni et al., 2010; Gong et al., 2019), musicians (e.g., Cantou et al., 2018; 

Kay et al., 2012) and meditators (e. g., Cahn & Polich, 2006; Xue et al., 2014) to name a few. 

However, only very recently has rs-EEG been applied to bilingualism, an interesting fact 

considering that half the world’s population belongs, at least, to one type of bilingual (Bice et 

al., 2020). The present study adds a new dimension to the nascent application of this method 

in the field by delving deeper into the role that individual-level engagement with bilingual 

experiences has on the underlying readiness of the mind/brain.  

A common way to analyze rs-EEG is to look at power differences in the frequency 

domains. The alpha rhythm (conventionally 8–12 Hz) is the dominant brain frequency and 

especially high over occipital electrodes (Berger, 1929; Buzsáki, 2006). Other brain rhythms 

include delta (0.5–4 Hz), theta (4–8 Hz), beta (12–30 Hz) and gamma (30–50 Hz) (Buzsáki, 

2006). In general, low oscillation frequencies are associated with long-distance communica-

tion in the brain, whereas higher frequencies are typically used for local processing (Von 

Stein & Sarnthein, 2000). Furthermore, the different EEG frequency bands (especially the 

most studied alpha and beta oscillations) have been linked to differential mechanisms that 

sustain relevant cognitive systems, such as working memory (Miller et al., 2018), inhibi-

tion/cognitive control (Jensen & Mazaheri, 2010; Klimesch et al., 2007; Strauss et al., 2014) 

and language processing (Bastiaansen & Hagoort, 2006; Bornkessel et al., 2004; Giraud & 

Poeppel, 2012) among others. These processes reorganize and modulate peak timing within 

and between different neuronal networks by linking and coordinating information that un-

folds over time (Buzsáki, 2006).  

Resting state measures within the neurocognitive study of bilingualism is not new, 

however, the vast majority of studies have been done using the MRI technique. Thus, the 

focus has been on where in the brain changes can be observed. The main question therein has 

been if the effects seen on the brain, specifically on domain-general cognitive control, also 

show up in the absence of a specific task. A considerable amount of resting state literature 

has suggested that bilingualism permanently shifts underlying brain mechanisms, leading to 

long-term structural and functional changes (e.g., Berken et al., 2016a; Grady et al., 2015; 

Gullifer et al., 2018; Luk et al., 2011a; Sun et al., 2019; Yamasaki et al., 2018). This suggests 

that life experiences, such as bilingualism, can ultimately induce brain changes, which stretch 
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beyond the ones observed directly in the lab while participants perform a specific task. For 

instance, volumetric changes, spatial distribution and functional connectivity, the most stud-

ied measures within resting state functional MRI, are amenable to bilingualism, at least under 

certain conditions (e. g., Berken et al., 2016a; Gullifer et al., 2018; Li et al., 2015; Sun et al., 

2019). Although MRI resting state neural indices appear to be stable across time, they “only” 

provide information on which parts of the brain are modulated due to dual language experi-

ence. Rs-EEG, therefore, complements rs-MRI by overcoming its issues of low temporal 

granularity. It also permits a better understanding of how and the extent to which past life 

linguistic experiences may modulate brain intrinsic mechanisms as well as which variables 

are implicated in the regulation of bilingual language control networks themselves. Different-

ly from MRI, portable EEG systems facilitate more ecological testing to take place in differ-

ent immersive environments, which in turn allow for higher cross-population comparability, 

larger scaled multi-comparative studies and, in principle, foster greater access for underrepre-

sented populations in empirical research. This is not a trivial point, as greater variability in 

data samples and increased representation across the board associated with a fine-grained 

brain methodology could give rise to new opportunities in the field of bilingualism research 

and (dis)confirm hypotheses based on limited data or non-representative groups (Luk et al., 

2021). And so, within this context, rs-EEG has the potential to examine similar questions 

from a different perspective and with the breath of a relatively novel (to the field) methodol-

ogy.  

In the first study of its kind, Prat et al. (2016) were interested in how rs-EEG 

measures would predict language learning rate during an immersive French-training para-

digm by means of a computerized learning environment. RS-EEG was recorded before the 

onset of the training and correlated to the learning outcomes. The findings revealed positive 

correlations between low (13–14.5 Hz) and mid-beta (15–17.5 Hz) rs-EEG frequencies over 

right temporo-parietal regions and learning outcomes, explaining up to 60% of the learning 

variability. The results highlight the utility and advantages of using rs-EEG to study individ-

ual differences in new language learning in a construct-free paradigm. More recently, Prat et 

al. (2019) replicated and extended their previous findings in a larger sample of adult partici-

pants who were exposed to an 8-week French instruction through a virtual language and cul-

tural immersion software. Their results showed that higher beta power recorded over the right 

hemisphere and coherence (functional connectivity) between right fronto-temporal sites 

across all frequencies predicted posttest declarative memory retention and more variance in 
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speech during learning. These two studies represent milestones, underscoring the utility of rs-

EEG. However, they cannot highlight (nor did they intend to address) the full applicability of 

rs-EEG in bilingualism studies, for example, the extent to which differences can be predicted 

by the life experience that is bilingualism. A first crucial step in this direction comes from 

Bice et al. (2020). The authors investigated if and how the demands of being bilingual have 

an impact on brain functioning. They recorded rs-EEG eyes-closed data from 106 bilinguals 

and 91 monolinguals. Findings revealed greater alpha power and coherence in the alpha and 

beta frequency ranges in bilinguals. Follow-up analyses showed that alpha frequency posi-

tively correlated with more second-language use, higher native-language proficiency, and 

earlier age of second-language acquisition. On the other hand, beta power was correlated to 

L1 proficiency bilaterally and theta power only in the left hemisphere. All in all, these results 

showed for the first time using rs-EEG that the linguistic and cognitive demands of bilingual 

language use reshape intrinsic brain activity.  

Building on the insights from Bice et al. (2020), the present study brings together data 

from a large sample of bilinguals with diverse backgrounds to address the general question of 

whether bilingualism can have a significant impact on intrinsic brain processes measured via 

rs-EEG. The focus, however, is not on any potential monolingual versus bilingual distinction, 

but rather seeks to understand differences across bilinguals of distinct types and intensity of 

engagement with potential determinants of bilingual effects on the brain. Recall that previous 

research has highlighted how brain power frequencies (mostly alpha and beta) are differen-

tially involved in top-down control mechanisms. Specifically, they have been linked to gen-

eral processes of cognitive control, inhibition and language processing, including bilingual-

ism. Following this, the interest herein is in individual differences in various aspects of 

bilingual language experiences, both static (proficiency in the societal language, Age of L2 or 

2L1 onset (AoA), and Length of exposure to the non-societal language) and active ones relat-

ed to usage patterns (e.g., non-societal language exposure and use at home, non-societal lan-

guage use in the society or community). In view of the small rs-EEG literature in bilingual-

ism and the considerable emerging literature showing bilingual engagement differentially 

affecting mind/brain outcomes, positive correlations between linguistic variables and fre-

quency bands (especially alpha and beta power) are hypothesized to be found particularly 

reflected in posterior brain regions. Furthermore, levels of mean coherence between brain 

regions are expected to vary commensurable with language experience variables.  
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3.2. Materials and Methods 

3.2.1. Participant’s Background Information 

Data were initially collected from 123 participants: 3 were excluded due to bad electrodes 

while recording, 2 due to high levels of skin artifacts, 8 due to bad post-processing signal and 

7 were excluded due to missing background (LSBQ) information (Appendix B). This resulted 

in a total of 103 bilingual participants (Mean Age = 28.34, SD = 12.34; Female = 74), of 

which 55 were collected in Germany and 48 in Norway. Out of 55 participants in Germany, 

25 were early bilinguals (HSs - Italian was the home (heritage) language). The remaining 

participants, 78 were late(r) second language (L2) bilinguals, residents in Germany (N = 30) 

and in Norway (N = 48). The participants in Norway all spoke Norwegian as their L1 and 

English as their L2 (with the exception of 2 participants who had Swedish and Spanish as 

their L2). The late bilinguals in Germany spoke German as their L1 and English as their L2 

(the cut-off to be considered late bilinguals was set at least 6 years of age) and the early bi-

linguals had Italian as their L1 and either simultaneously acquired German as their second L1 

(2L1) or acquired German at a very young age, always below the age of 4 (see Meisel, 2011). 

The age to first exposure to the L2/2L1 varied considerably within the participants (Mean = 

6.25; SD = 3.58). Although it was the case that the majority of individuals were first exposed 

to the other language at a noticeably early age, this does not mean that important variation 

afforded by the context of an individual’s bilingualism is washed out (as will be clear below). 

Given the ubiquity of the L2, English, timing of first exposure can be a bit misleading. While 

first exposure to a language like English can be universally low in the European context, this 

does not mean that quantity, quality and intensity of exposure and use is the same at such an 

early age across the board. Moreover, the context of heritage bilingualism brings with it im-

portant consequences for engagement and exposure, not least as the minority language is a 

native one that is naturalistically acquired and used in specific contexts despite the fact it is 

typically not the dominant language of the heritage bilingual in adulthood (e.g., Kupisch & 

Rothman, 2018; Polinsky, 2018; Rothman, 2009). On average, the participants were exposed 

to the L2/2L1 for 22.33 years (SD = 11.94). The participants’ Socio-Economic Status (SES) 

was coded from 0 to 4 based on their mother’s final education (0 = lower than a high school 

diploma, 4 = postgraduate degree). The participants’ mean SES was 1.59 (SD = 1.42).  
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All participants completed the Language and Social Background Questionnaire 

(LSBQ) (Anderson et al., 2018b), which documents the participant’s language(s) exposure 

and use from early childhood to the present day in a variety of activities and settings. The 

LSBQ permits the computation of three factor scores: language use in the home environment 

(Home), language use in social contexts (Social), and language proficiency in the societal 

majority language (Proficiency)26. These are weighted aggregate scores which are derived 

from a set of relevant questions within the LSBQ. For Home and Social factors, a higher 

score indicates more engagement in the non-societal language (Italian or English) and a lower 

score indicates more use and exposure with the societal language in a given context. As for 

the Proficiency factor, higher scores suggest higher proficiency in the societal majority lan-

guage. These three factor scores, in addition to age of onset to the non-societal language 

(AoA) and length of exposure to the non-societal language (LoE) were used for further anal-

yses in predicting rs-EEG data. A mean score of 0.05 for Social (SD = 11.36), a mean score 

of 14.88 for Home (SD = 10.51), and a mean score of − 0.91 (SD = 5.51) for Proficiency 

were observed (individual demographic data are represented in the Appendix G, Table G2).  

3.2.2. Study Procedure 

All participants volunteered and provided informed consent to take part in the study and all 

procedures were approved by the ethical commission of the University of Konstanz and the 

Norwegian Center for Research Data (NSD). All procedures followed the same protocol and 

were done with the same EEG equipment in both countries. Data were collected either in a 

quiet room in a designated lab (University of Konstanz, Heinrich Heine University 

Düsseldorf, University of Cologne or UiT The Arctic University of Norway) or in a quiet 

room in a household (mostly in Konstanz, Cologne and Düsseldorf). This was possible be-

cause a portable EEG system with active shielded electrodes was employed (see below for 

more details). First, participants completed the LSBQ. Afterward, the EEG set was fit and 

recoding proceeded. Five minutes of task-free eyes-closed EEG data were recorded while the 

participants were sitting in a quiet room facing a computer screen with a blank display. 
 

                                                
26 Since the LSBQ was created in the North American context, i.e., specifically to test late L2 learners, some 
aspects of the bilingual language excperience in HSs are not fully taken into account. For reasons of practicality 
and contraints of the questionnaire, proficiency was measured in the societal majority language herein. An inter-
esting question open for future research would be what would change if proficiency would be measured and 
modelled in the non-societal languege (i.e., the heritage languag in the HSs, where variability is usually large 
between individuals). 
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3.2.3. Resting State EEG Data Acquisition and Processing 

EEGs were continuously recorded from 32 Ag/AgCl scalp electrodes (LiveAmp32, Brain 

Products, Inc) (see Appendix F, Figure F1) and placed in an elastic cap in accordance with 

the 10–20 system. AFz acted as the ground electrode and FCz as online reference. Fp1 and 

Fp2, located on the forehead above the eyebrows, were employed to detect and monitor eyes 

movements and blinks. Impedances were kept below 25 kΩs. Signals were amplified using a 

Brain Vision LiveAmp amplifier continuously digitized at a 1000 Hz sampling rate. Offline 

processing of the data was done in a two-step manner. First, in Brain Vision Analyzer 2.0 

(Brain Products, Inc), data were downsampled to 128 Hz, re-referenced to the average of both 

mastoids (TP9 and TP10) and band-pass filtered from 0.1 to 45 Hz27. Horizontal eye move-

ments and blinks were detected using the automatic independent component analyses (ICA) 

implemented in BVA. ICA was performed on the whole dataset with 512 steps and an info-

max (Gradient) restricted algorithm.  

Data were then exported in an R environment friendly format and fed to the publicly-

available script on Github developed by Prat et al. (2016) (available online on 

https://github.com/UWCCDL/QEEG). In order to do so, the script was previously modified 

to accommodate the channel information from the LiveAmp32 system (i.e., different channel 

names and greater number of channels). A 2s sliding window with 50% overlap between 

segments was used to split each participant’s data. Segments containing artifacts, defined by 

having more than 3 standard deviations from the average of the channel’s activity, were ex-

cluded. A fast Fourier transform (FFT) was applied to the data to decompose the signal into 

the frequency domain. Afterward, the signals were averaged together. Log power measures at 

each frequency (see below) for each participant and electrode and the correlation of activity 

between electrodes in different scalp regions (i.e., coherence) were the measures used for 

further steps in the analysis.  

The individual frequency bands method was used to calculate the boundaries between 

different frequency powers (see Bice et al., 2020 for the same approach in bilingualism). In 

summary, frequency bands were not fixed (frequently used measures are delta: 0–4 Hz, theta: 

4–8 Hz, alpha: 8–12 Hz, beta: 12–30 Hz, and gamma: 30+ Hz) but adjusted to each person’s 

individual alpha frequency (IAF; Klimesch, 1997). The IAF is the frequency where the brain 
 

                                                
27 For 11 participants a low cut-off of 1 Hz (instead of 0.1Hz) was employed in order to filter out unwanted skin 
sweating artifacts.  
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spectrum peaks. It is predominantly between 8 and 14 Hz and stronger over occipital elec-

trodes while measuring eyes-closed EEG. Once the IAF is calculated, the values for the fre-

quency bands can be derived (delta was defined from 0 Hz to − 6 Hz below the IAF, theta 

from − 6 to below − 2, alpha from − 2 to plus 2, low beta from +2 to +10, high beta from +10 

to +20, and gamma as anything equal or greater than 20 Hz above the IAF). These individual-

ized frequency bands were used for all subsequent analyses of power and coherence. The 

process of identifying the IAF at the participant’s level included several exclusion steps. 

First, any channels with unusually high or low activity in the frequency spectrum (bad chan-

nels) were removed. To do this, the log power within 1–40 Hz was averaged across all chan-

nels within each subject and then all channels with an average log power of ±2.5 standard 

deviations to the average of all channels were excluded. This resulted in the exclusion of 30 

channels (0.79% of all data). Channels identified as bad through this process were excluded 

from all subsequent analyses (IAF, average power and coherence). Second, channels that did 

not show an alpha peak were also excluded from the IAF calculation. An increase of 0.2 

log(mV2) or higher within the frequency range 7.5–14 Hz was considered to be the sign of an 

alpha peak. A total number of 205 channels lacked an alpha peak (5.4% of all data). Different 

from the bad channels situation, the channels without an alpha peak were only removed for 

the estimation of the IAF but included afterward for both the average power and coherence 

analysis, given that they did not show any abnormal deviations in relation to the averaged log 

power (see previous calculation). Finally, to allow more reliable and stable measures of pow-

er and coherence, all participants who had fewer than 80% of channels remaining (less than 

24 channels) after the first two exclusion criteria were additionally removed from all subse-

quent calculations (8 participants, 7.77% of the total). Generally speaking, the majority of 

these participants were excluded because of a lack of detectable alpha peak in several elec-

trodes and not due to a bad spectrum, which speaks to good data quality.  

Data yielded from individual channels and frequency bands were grouped and aver-

aged into 5 brain regions of interest: medial frontal (Fp1, Fp2, F3, F4, Fz, FC1, FC2), 

left/right fronto-temporal (F7, FC5, T7, FT9, C3 and right hemisphere homologues) and 

left/right posterior (P7, O1, P3, CP5, CP1 and right hemisphere homologues).  
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3.3. Results 

3.3.1. The Relationship Between Language Background and Power Frequency  

In order to examine whether the magnitude of power is modulated by dual language experi-

ence, multiple regression analyses were first run for each rs-EEG frequency band: IAF, alpha, 

theta, low beta, high beta, and gamma (delta frequency was excluded from the analysis be-

cause of the low reliability due to the application of a 1 Hz low cut-off filter in participants 

with extensive sweating). All models had the same bilingual experience predictors: non-

societal language exposure and use at home (Home), non-societal language use in the society 

or community (Social), proficiency in the societal language (Proficiency), Age of L2 or 2L1 

onset (AoA), and Length of exposure to the non-societal language (LoE). Age at the time of 

testing was not included as a covariate in the models, since it highly correlated with LoE (r = 

0.96, p < 0.001; See Table 3.1 for all correlations among continuous variables). Sex (male or 

female), SES, and Location (Germany or Norway) are also included as covariates. All con-

tinuous variables included in the model were centered around the mean. Treatment coding 

was applied to categorical variables.  

 

Table 3.1 Correlation between predictor variables.  

 

 The output of the regression models is summarized in Table 3.2 The only signifi-

cant language background-related factor that predicted power was Age of L2/2L1 onset for 

high beta (E = − 0.18, CI = − 0.34 to − 0.02, p = 0.03) and gamma (E = − 0.18, CI = − 0.34 to 

− 0.02, p = 0.03).  
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Table 3.2 Summary of regression models for each frequency band.   
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As illustrated in Figures 3.1 and 3.2, the earlier the age of L2/2L1 onset was, the higher the 

powers were for high beta and gamma. No variables significantly predicted theta (p’s < 0.15) 

or alpha (p’s < 0.13) power. In terms of low beta, female participants had higher power than 

male participants (E = − 0.40, CI = − 0.0.63 to − 0.16, p = 0.001). Moreover, participants in 

Norway had significantly lower IAF power than the participants in Germany (E = − 0.72, CI 

= − 1.30 to − 0.15, p = 0.015).  

 

 

Figure 3.1 Predicted values of Age of L2/2L1 onset on high beta power. 

 

 

Figure 3.2 Predicted values of Age of L2/2L1 onset on gamma power. 
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3.3.2. The Relationship Between Language Background and Power Frequency 

(Brain Regions)  

The above analysis reveals that Age of L2/2L1 exposure (AoA)— essentially the timing of 

the onset of bilingualism—predicted high beta and gamma frequency power. That is, the ear-

lier the speakers became bilingual, the higher their high beta and gamma powers were. In 

light of this finding, the interest lied in the examination of whether these relationships are 

modulated across various brain regions of interest. In order to do so, two linear mixed effects 

models with high beta and gamma powers as dependent variables were performed, and five 

brain regions of interest (medial frontal (MF), left fronto-temporal (LFT), right fronto-

temporal (RFT), left posterior (LP), and right posterior (RP)) and AoA as fixed factors, as 

well as the interactions between Brain Regions and AoA. Subject was included as a random 

intercept. Sum coding was applied to the Brain Regions variable, and AoA was centered 

around the mean. Mixed model ANOVA tables via likelihood ratio test were computed using 

the afex package (Singmann et al., 2015) on the output of lmer models. If there are no signifi-

cant interactions between Brain Region and AoA, then this indicates that the predictive power 

of AoA on high beta and gamma powers does not differ across different brain regions.  

The output of the linear mixed effect model is summarized in Table 3.3 (see Appen-

dix H, Tables H29 and H30).  

Table 3.3 Summary of regression models for gamma and high beta power.  

 

There were no significant interactions between AoA and Brain Region for both high beta (p’s 

> 0.19) and gamma (p’s > 0.36). This indicates that the relationships between power and 
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AoA for high beta (Figure 3.3) and gamma (Figure 3.4) do not differ across distinct brain 

regions. In other words, the effect is broadly distributed.  

 

 

Figure 3.3 Predicted values of Age of L2/2L1 onset on high beta power. 

 

 

Figure 3.4 Predicted values of Age of L2/2L1 onset on gamma power. 
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3.3.3. The Relationship Between Language Experience and Coherence  

Finally, in order to examine the effects of bilingual experience on the functional connectivity 

between brain regions, a linear mixed effects model was run with frequency band coherence 

(theta, alpha, low beta, high beta, and gamma) as a dependent variable and Home, Social, 

AoA, LoE, and brain region pairings (LFT & LP, LFT & MF, LFT & RFT, LFT & RP, LP & 

MF, LP & RFT, LP & RP, MF & RFT, MF & RP, and RFT & RP) as predictors as well as 

the interactions between each language background predictor and brain region pairings. Sex, 

SES, and Location (Germany or Norway) were included as covariates. Subject was included 

as a random intercept. Sum coding was applied to the categorial variables, and continuous 

variables were centered around the mean. Mixed model ANOVA tables via likelihood ratio 

test were performed using the afex package (Singmann et al., 2015) on the output of lmer 

models. In this analysis, the interest was to examine the interactions between each language 

background predictor and brain region pairings. Significant interactions between these two 

variables indicate that coherence between specific electrode region pairing(s) is modulated by 

bilingual language experience. The output of the linear mixed effects model is summarized in 

Appendix H, Table H31. Figure 3.5 illustrates coherence maps showing connections between 

brain region pairings which were significantly modulated by various predictor variables.  
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Figure 3.5 Coherence maps showing connections between brain region pairings which were significantly modu-

lated by various predictor variables, i.e., Age of L2/2L1 onset (AoA), Self rated proficiency in the societal lan-

guage (Proficiency), Non-societal language exposure at home (Home), Non-societal language use in socie-

ty/community (Social). Thin lines indicate connections between brain region pairings that were significantly 

modulated by predictor variables in the expected direction (e.g., higher Home score predicts stronger connec-

tions between LP and RP). Dotted lines indicate connections between brain region pairings that were signifi-

cantly modulated by predictor variables in the unexpected direction (e.g., lower Home score predicts stronger 

connections between MF and RFT). The bold line indicates a highly significant simple correlation between 

brain region coherence and language background predictor. 

 

There was a main effect of Social use scores on coherence in theta (E = 0.01, CI = 

0.00 – 0.01, p = 0.022). This suggests that the connections among all brain regions were 

modulated by Social use scores—the more non-societal language the participants used out-

side the home, the stronger the connections were among brain regions (Figure 3.6). Moreo-

ver, there was a significant interaction between Brain Region and Social use scores, indicat-

ing that coherence between LFT and RFT (E = 0.01, CI = 0.00–0.01, p = 0.034), LP and 

RP(E = − 0.01,CI = − 0.01 to − 0.00, p = 0.005), as well as MF and RFT (E = 0.01, CI = 

0.01–0.02, p < 0.001) were modulated by Social use scores to a greater extent than other 

brain region pairings. It should be noted, however, that the relationship between LP and RP 
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coherence and Social use scores was weaker than the other brain region pairings, as can be 

seen by the negative estimate value. There was also a significant interaction between Brain 

Region and Proficiency (E = 0.01, CI = 0.00–0.01, p = 0.002), which suggests that coherence 

between LFT and RFT was modulated by Proficiency in the societal language. Simple corre-

lations between the coherence of the aforementioned brain region pairings and the two pre-

dictors were then run (i.e., Social scores and Proficiency). The only significant correlation 

was found between MF and RFT coherence and Social use scores (r = 0.28, p = 0.006).  

 

Figure 3.6 Predicted values of Social score on theta coherence. 

 

No main effect of predictors or covariates were found for coherence in alpha. Howev-

er, there was a significant interaction between Brain Region and Social use scores, and the 

output shows that coherence between MF and RFT was modulated by Social use scores to a 

greater extent than other brain region pairings (E = 0.01, CI = 0.00–0.01, p = 0.003). There 

was also a significant interaction between Brain Region and Home use scores, indicating that 

coherence between LP and RP (E = 0.01, CI = 0.00–0.02, p = 0.015) as well as MF and RFT 

(E = − 0.01, CI = − 0.02 to − 0.00, p = 0.011) were modulated by Home use scores. The 

negative estimate for the relationship between MF and RFT coherence and Home use scores, 

however, suggests an unexpected directionality—that is, the less exposure the participants 

had to the non-societal language at home, the stronger the connections were between MF and 

RFT. Finally, there was also a significant interaction between Brain Region and Proficiency. 

Coherence between MF and RFT (E = 0.01, CI = 0.00–0.01, p = 0.005), LFT and MF (E = 
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0.01, CI = 0.00–0.01, p = 0.017), and LFT and RFT (E = 0.01, CI = 0.00–0.01, p = 0.004) 

were all modulated by Proficiency in the expected direction. The higher proficiency rating in 

the societal language, the stronger the connections were between the fronto-temporal elec-

trodes. A simple correlation analysis revealed no significant correlations between any of the 

brain region pairings and predictor variables (p’s > 0.12).  

SES was the only significant fixed factor that predicted coherence in the lowbeta (E = 

−0.01, CI = −0.01 to −0.00, p = 0.033). No interactions were found between Brain Region 

and language background predictor variables (p’s > 0.057).  

There was a main effect of AoA on coherence in high beta (E = − 0.02, CI = − 0.03 to 

−0.00, p = 0.040), which indicates that general connections between brain regions were mod-

ulated by age of L2/2L1 onset (Figure 3.7). This suggests that the younger the participants 

were exposed to the L2/2L1, the stronger their connections were between brain regions. Nev-

ertheless, no interactions between Brain Region and AoA (as well as other language back-

ground predictors) were found, illustrating that the relationship between coherence and AoA 

does not vary across different brain region pairings.  

 

 

Figure 3.7 Predicted values of Age of L2/2L1 onset on high beta coherence. 

 

No main effect of predictors or covariates were found on the coherence in gamma. 

The only significant interaction was found between Brain Region and AoA. Coherence be-

tween LP and RP (E = − 0.01, CI = − 0.02 to − 0.00, p = 0.004) as well as MF and RP was 
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modulated by AoA (E = − 0.01, CI = − 0.02 to − 0.00, p = 0.005), meaning earlier age of L2/ 

2L1 onset predicted the strength of connection between MF and RP. Simple correlation anal-

ysis showed that the relationship between MF and RP coherence and AoA was nearly signifi-

cant (r = − 0.19, p = 0.07).  

3.4. Discussion 

Research has shown that bilingualism can be a potent neuromodulator (e.g., DeLuca et al., 

2020; Li et al., 2014; Pliatsikas, 2019) and a potential factor in maintaining neural fitness and 

creating reserve in both healthy aging (Abutalebi et al., 2015; Borsa et al., 2018; Rossi & 

Diaz, 2016; Zhang et al., 2020) and in the face of pathology (Anderson et al., 2020; Gold, 

2015; Voits et al., 2020). Most recently, we are beginning to better understand what determi-

nants of variability in bi-/multilingual language experience bring to bear on cognition and 

neuroplasticity. Variability in language experience modulates the neural adaptation at play in 

bilingual brains (Dash et al., 2019; DeLuca et al., 2019; Pliatsikas, 2020). Furthermore, 

measures of social diversity, language use, and language entropy have been shown to shape 

brain connectivity at rest (Gullifer et al., 2018; Sulpizio et al., 2020; Tiv et al., 2020). As a 

result, studies in the field must incorporate a more dynamic view of bi-/multilingual language 

use and its consequences for the mind and the brain. The present study engages in this dia-

logue, combining measures of varied bilingual experience in a diverse grouping of bilinguals 

with rs-EEG, a method emerging as one of the most useful to capture neural flexibility as a 

proxy for cumulative neural change in the short and long term (Luk et al., 2020).  

3.4.1. The Relationship Between Language Background and Power Frequency  

Previous findings reported greater alpha and high beta power for bilinguals compared to 

monolinguals and marginal effects on the gamma band (Bice et al., 2020). Higher alpha pow-

er was related to language control, which is consistent with the hypothesis that dual language 

usage has a draw-back effect on the inhibitory control system. Interestingly, higher levels of 

alpha were found in those bilinguals who used their L2 more often, maintained higher native-

language proficiency, and had an earlier L2 learning onset. This suggests that greater en-

gagement with bilingualism is linked to better use of executive functions, which are neces-

sary for bilingual language processing. Overall, the results herein indicate that AoA predicts 
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modulations of high beta and gamma frequencies, which only partially overlap with the ones 

from Bice et al. (2020). Below, I turn to unpack why this might be the case.  

Recall that previous research on rs-EEG has highlighted the key role of combined be-

ta and gamma powers on L2 learning rates (Prat et al., 2016) as well as total speech attempts 

and willingness to speak during L2 learning (Prat et al., 2019). Furthermore, they are the 

main sources of long-range network synchronizers in the brain (Buzsáki & Schomburg, 2015; 

Von Stein & Sarnthein, 2000). The data herein are thus interpreted to support a view whereby 

acquiring an L2 earlier might promote and strengthen, thorough beta and gamma regulation 

and modulation, interregional neural synchronization.  

The active use of two languages imposes higher demands on the linguistic and cogni-

tive systems. It has been shown that beta is at the center of cortico-basal ganglia loops (e.g., 

Brittain et al., 2014; Stein & Bar-Gad, 2013), which in turn are believed to regulate language 

processing (e.g., Kotz et al., 2009), especially bilingual language use (e.g., Seo et al., 2018; 

Stocco & Prat, 2014). Moreover, Bice et al. (2020) showed that bilinguals had greater beta 

compared to monolinguals in the right hemisphere. Beta modulation is also found in task-

based non-linguistic experiments. For example, Ambrosini and Vallesi (2016) found that par-

ticipants who performed better in an attention task displayed more beta than alpha power, 

which they linked to sustained cognitive control processes. Tafuro et al. (2019), testing two 

age groups (younger and older adults) in a specialized Stroop task, found main effects of beta 

and theta in interference control. Interestingly, the young participants revealed a specific left-

lateralized Stroop effect in beta which appeared earlier in comparison to their elderly peers 

and was spread bilaterally over the scalp, thus revealing age-dependent differences in oscilla-

tory correlates of cognitive control. The data in the present experiment show that earlier AoA 

results in greater beta. In light of the studies above, it is not surprising that bilingualism itself, 

but moreover the age of its onset would impact the way and the time beta mechanisms are 

mobilized/engaged throughout the lifespan.  

Gamma oscillation activity fluctuates over time, with an increase in children aged 3–4 

(Takano & Ogawa, 1998) followed by a decrease in adolescence into young adulthood (Tier-

ney et al., 2013). The linear decrease in gamma over the first decades of life mirrors that of 

grey matter volume (Whitford et al., 2007). The observed decline in gamma might indicate a 

decrease in synaptic density linked to synaptic pruning and reflect reorganization within brain 

circuits underlying language and cognitive processing (Tierney et al., 2013; see for a model 

on plasticity in the bilingual brain Pliatsikas, 2020). The results herein indicate that engaging 
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earlier in time with bilingualism relates to a higher degree of gamma power. Gamma activity 

has been linked to increases in linguistic and attentional abilities (Benasich et al., 2008) and 

to a higher functioning cognitive system (Fitzgibbon et al., 2004; Tarullo et al., 2017 in chil-

dren). Earlier onset of bilingualism, then, seems to confer maximized benefits for the execu-

tive function networks in the brain.  

It is widely accepted that alpha is a reflection of cognitive integrity, highly correlated 

with memory performance and constitutes the majority of the brain’s oscillatory pattern 

(Klimesch, 1999; Klimesch et al., 2007). Paradoxically, while alpha frequencies decreases 

(desynchronization) on-task signify better performance, increases (i.e., synchronization) at 

rest denotes less cognitive engagement, and overall higher alpha measured at rest is connect-

ed to overall better cognitive performance. Given that Bice et al. (2020) report that bilinguals 

had significantly higher alpha than monolinguals, one might ponder why any of these effects 

are to be found in the alpha range in the present data. Recall that previous literature showed a 

marked difference in alpha power and IAF for bilinguals compared to monolinguals, the latter 

of which is lacking in the current study. Indeed, the results herein do not show any modula-

tion of IAF nor alpha power as a function of bilingual language usage predictors. This obser-

vation, however, cannot speak to whether or not any (individuals) or all (as a group) of the 

bilinguals in the present study would show the same differences to (matched) monolinguals 

as in Bice et al. (2020). In this respect, it is relevant to mention that Bice et al. (2020) also 

showed that the higher the proficiency in the L2 the greater the alpha power was. Recall that 

the LSBQ composite score herein measures one’s proficiency in the societal language (Nor-

wegian for Norway and German for Germany), and that the participants self-reported to be 

highly proficient in the societal language (mean = 80.0/100). Thus, such lack of variability 

may have contributed to finding no modulatory effects of Proficiency on alpha power.  

3.4.2. The Relationship Between Language Experience and Coherence  

Limited as they are, existent rs-EEG findings show a role of bilingualism as a lifestyle en-

richment factor affecting underlying mean coherence of brain regions. However, previous 

studies have focused on comparing monolinguals to bilinguals. Herein, the study moves away 

from the monolingual-bilingual comparative approach to examine how differential bilingual 

experience itself may modulate rs-EEG. Overall, the present results demonstrate that rs-EEG 

coherence across brain regions and across frequency bands (theta, alpha, and gamma) is 
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modulated by differential language experience, showing a number of significant interactions 

between language background predictors and brain region pairings at various frequencies.  

Recall there was a main effect of non-societal language use in the community on 

overall brain connectivity. However, there was an interaction between electrode region pair-

ings, suggesting frontal connectivity between MF and RFT, and RFT and LFT in the theta 

frequency. In other words, the more individuals engage in using the non-societal language in 

the community, the greater the theta coherence across those ROIs. Recall that theta frequen-

cies have been reported to promote long-distance communication pathways, even across brain 

regions that might not be directly connected (Von Stein & Sarnthein, 2000). As such, greater 

theta coherence associated with increased use of the non-societal language in the community 

could reflect the degree of interactive language use in a dual language environment where 

inhibitory demands are at a maximum (Abutalebi & Green, 2016; Green & Abutalebi, 2013). 

In line with this interpretation, greater theta coherence measures have been reported to be 

positively correlated with bilateral caudate volume in magnetoencephalography (MEG) (de 

Frutos-Lucas et al., 2019). The caudate nucleus is a key structure highly implicated in bilin-

gual language control (Pliatsikas & Luk, 2016; Rossi et al., 2021) and is at play especially 

while switching between languages (Abutalebi et al., 2008; Luk et al., 2012; Moritz-Gasser & 

Duffau, 2009). Even though no structural MRI data were collected in this study, a possible 

interpretation is that greater coherence in theta could be a proxy for greater caudate engage-

ment, sparked by high interactive language use in the community. Another important result 

revealed that Proficiency in the societal language positively predicted rs-EEG coherence in 

the theta frequencies between the anterior left and right electrode clusters (LFT, RFT). A cor-

relation of greater theta coherence in frontal regions with Proficiency in the societal language 

can be reconciled with a need for greater recruitment of executive functions (Basharpoor et 

al., 2019).  

The findings reported here also demonstrated that alpha coherence was modulated by 

three language use predictors: Proficiency in the societal language, Social and Home use. 

Proficiency positively predicted greater alpha rs-EEG coherence between frontal left and 

right clusters and between left and right clusters and MF. Similarly, greater alpha coherence 

between RFT and MF was positively predicted by the rate of Social use. Recall that greater 

rs-EEG coherence in alpha was reported by Bice et al. (2020) for bilinguals relative to mono-

linguals, and was interpreted as bilinguals having larger networks of neurons firing at rest. 

The results of this study are in line with this interpretation, yet they take this observation a 
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step further, revealing what determinants of bilingualism drive this effect. In sum, alpha rs-

EEG coherence is dependent on variations in the use of the bilinguals’ languages. Bice et al. 

(2020) reported greater alpha coherence mostly in posterior clusters, while the correlations 

herein with engagement of the societal language show greater coherence across frontal ones. 

Similarly, the data in the current study also show greater alpha rs-EEG coherence in posterior 

clusters which is positively predicted by non-societal language use at home. It is crucial to 

remember that in the sample herein, “non-societal language” includes both the heritage lan-

guage spoken at home for early bilinguals and the L2 learned past childhood for L2 speakers. 

Greater “non-societal language exposure at home” could then be a proxy for greater bilingual 

language use of the two languages at home.  

Finally, the present results demonstrated that there was a positive correlation between 

gamma coherence between LP and RP, posterior right and frontal MF, and age of L2/2L1 

acquisition. The earlier the L2/2L1 was acquired, the greater gamma coherence across elec-

trode clusters. Higher levels of gamma coherence were also reported by Bice et al. (2020) for 

bilinguals relative to monolinguals. The current results point towards length of bilingual lan-

guage use in the modulation of gamma synchrony. Gamma coherence is one of the main local 

inter-regional synchronizers across neural pools (Buzsáki & Schomburg, 2015; Von Stein & 

Sarnthein, 2000). Accordingly, I conclude that bilingualism, under specific conditions, pro-

motes inter-regional neural synchronization, and also that length of bilingual experience 

might, in turn, maintain and strengthen this synchronization.  

3.5. Conclusion 

The current results show that age and variation in dual language use in various contexts mod-

ulate both power and coherence measures for low- and high frequency ranges. Thus, a key 

question to be addressed in future investigations is if and how these neural signatures are 

maintained in older age, and most importantly if individual variability in bilingual language 

use continues to modulate them. This dataset was composed of relatively young adults. Given 

the vast literature pointing towards bilingualism as a key factor for cognitive and neural re-

serve (see Anderson et al., 2020; Gallo et al., 2020), I would expect bilingual older adults 

who have been utilizing two (or more) languages for a longer time to show similar neural 

modulations as those observed herein whereby effects also interact with how they engage 

with bilingual language use over the lifespan.  
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Expanding the emerging rs-EEG and bilingualism literature to include longitudinal 

studies would be especially welcomed. Given that the main comparisons remain within-

subjects, longitudinal studies represent an ideal ground to investigate how experience factors 

in bilingualism manifest and crucially develop over time in the brain in isolation (DeLuca et 

al., 2018; Wong et al., 2016). The few longitudinal studies with functional MRI so far have 

either honed in on intensive learning (i.e., early stages of L2 acquisition) of a newly acquired 

language where participants get tested on several occasions during the process (Hosoda et al., 

2013; Mårtensson et al., 2012; Stein et al., 2012) or focused longitudinally on the effects of 

naturalistic language use and immersion on the brain (DeLuca et al., 2018; Mohades et al., 

2015). Both types of methods found white and grey matter changes in the brain related to 

language experience factors, such as proficiency (Mårtensson et al., 2012), immersion and L2 

age of acquisition (DeLuca et al., 2018). Doing so with rs-EEG could be equally fruitful, if 

not more informative given its comparative ease and low cost.  
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4. Study III: Bilingual Type and Individual Differences in 

Inhibitory Control28 

 

Abstract 

The present study uses EEG time-frequency representations (TFRs) with a Flanker task to 

investigate if and how individual differences in bilingual language experience modulate neu-

rocognitive outcomes (oscillatory dynamics) in two bilingual group types: late bilinguals (L2 

learners) and early bilinguals (heritage speakers – HSs). TFRs were computed for both in-

congruent and congruent trials. Difference between the two (Flanker effect vis-à-vis cogni-

tive interference) was then (1) compared between the HSs and the L2 learners, (2) modeled 

as a function of individual differences with bilingual experience within each group separately 

and (3) probed for its potential (a)symmetry between brain and behavior data. No differences 

were found at the behavioral and neural levels for the between-group comparisons. However, 

oscillatory dynamics (mainly theta increase and alpha suppression) of inhibition and cogni-

tive control were found to be modulated by individual differences in bilingual language expe-

rience, albeit distinctly within each bilingual group. While the results indicate adaptations 

towards differential brain recruitment in line with bilingual language experience variation 

overall, this does not manifest uniformly. Rather, earlier versus later onset to bilingualism—

the bilingual type—seems to constitute an independent qualifier to how individual differences 

play out. 

 

 

 

                                                
28 A similar version of this section is published as Pereira Soares, S. M., Prystauka, Y., DeLuca, V., & Rothman, 
J. (2022). Type of bilingualism conditions individual differences in the oscillatory dynamics of inhibitory con-
trol. Frontiers in Human Neuroscience, 16:910910. 
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4.1. Introduction 

Attaining competencies in and managing more than one language in a single mind is complex 

and dynamic. Because all languages in the mind maintain some level of activation, irrespec-

tive of apparent contextual need, there is a ubiquitous demand to manage them (via suppres-

sion and/or selection, Kroll et al., 2012). This mental juggling is argued to lead to adaptations 

in domain-general control, where cognitive and language control networks overlap (see, e.g., 

Anderson et al., 2018a). While effects are not always replicated (see Lehtonen et al., 2018), 

studies have shown that, at least under certain conditions, the brain adapts structurally, func-

tionally and chemically to bilingual experience (e.g., Abutalebi & Green, 2016; DeLuca et 

al., 2019; Grundy, 2020; Pliatsikas, 2019; Pliatsikas et al., 2021; Stocco et al., 2014). And 

yet, the study of bilingualism and neurocognition has primarily focused on monolingual vs. 

bilingual (dichotomous) group comparisons across a variety of domains and tasks (see Salig 

et al., 2021 for review). While such an approach has led to keen insights into the bilingual 

mind and brain, it has also resulted in the nature of individual-level variables across bilin-

guals themselves not being adequately addressed (Pliatsikas et al., 2020; Salig et al., 2021).  

Over the past few years in particular, theoretical and empirical work has hypothesized 

and shown the usefulness of measuring and treating dual (multiple) language experiences as 

continuous variables (e.g., Bialystok, 2017; DeLuca et al., 2019; DeLuca et al., 2020; Di Pisa 

et al., 2021; Grundy et al., 2017; Gullifer & Titone, 2020; Li et al., 2014; Luk & Bialystok, 

2013; Marian & Hayakawa, 2021; Surrain & Luk, 2019). In the real world, the shapes and 

forms with which exposure, experience and engagement with multiple languages dynamically 

present themselves over individual lifespans are nearly limitless. Age (of onset and time of 

testing), context (in and out of community immersion), linguistic proficiency and other seem-

ingly categorizing proxies, while important factors with considerable explanatory coverage, 

are not the only variables that differentiate aggregates of bilinguals nor the individuals that 

comprise them (e.g., simultaneous vs. sequential bilinguals, early versus later child/adult bi-

linguals, special populations like translators and interpreters). Rather, variation in key factors 

falling within specific language history backgrounds across space and time (quantity and 

quality of input, intensity of exposure, patterns of language use, language switching, fluctuat-

ing dominance, language community size, linguistic social networks and more) delimit indi-

vidual opportunities for linguistic bilingual engagement. Their equivalence and/or their po-
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tential impact on the outcomes one aims to measure cannot be taken for granted (Leivada et 

al., 2021). 

Acknowledging and dealing empirically with the above reality has manifold conse-

quences. Indeed, several recent models make distinct predictions regarding specific effects 

for duration and extent of engagement with bilingual experience (Abutalebi & Green, 2016; 

DeLuca et al., 2020; Grundy et al., 2017; Pliatsikas, 2020; Stocco et al., 2014). In this light, it 

seems reasonable to ponder the extent to which some of the discrepancies within the empiri-

cal record might be better explained in relation to the (non-)comparability of how important 

individual-level variables are distributed across participants (Leivada et al., 2021). If so, it 

could be simultaneously true that bilingualism affords no effects to the mind/brain under 

some conditions (Paap et al., 2015) while translating into considerable ones (along a continu-

um) given distinct individual experience profiles. The overarching question and focus of re-

search, thus, shifts to unpacking the constellations of experiences with dual (multiple) lan-

guages that give rise to effects (Grundy, 2020). However, if individual patterns of dual 

language engagement matter, it cannot be assumed that such patterns align symmetrically, 

such that bilingual type (macro) categorizing factors do not intercede to affect how individual 

bilingual engagement patterns ultimately manifest. It is with this in mind that the present 

study is couched and contributory. Specifically, treating bilingualism as a continuous varia-

ble, individual measures of bilingual engagement are regressed to understand how they might 

predict on-task neural dynamics while performing a Flanker task. However, bringing together 

two distinct types of bilinguals–early native and late(r) second language (L2) learners–a fur-

ther question asked is whether the age of onset of bilingualism interacts differentially with 

how proxies of bilingual engagement present in individual differences. Foreshadowing the 

results herein, while it is the case that individual patterns of dual language engagement pre-

dict individual differences in on-task TFRs in both bilingual type groups, the patterns are 

distinct within each group, suggesting that onset timing and/or overall duration of bilingual-

ism has a moderating effect for how individual differences unfold.  

4.1.1. Distinguishing Between Bilingual Types 

Regarding the potential for experience-related brain adaptations, heritage speaker bilingual-

ism provides a unique and understudied test case. Heritage speakers (HSs) are early bilingual 

native speakers of a minority language (the heritage language) who grow up in a majority 
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language context (Montrul, 2016; Polinsky, 2018; Rothman, 2009). HSs are typically, alt-

hough not exclusively, studied and described in an adult state of linguistic knowledge 

(Kupisch & Rothman, 2018). Although degree of linguistic proficiency in a heritage language 

at the individual level varies considerably, partially overlapping with the outcome continuum 

reported for late(r) L2 acquirers, the degree and contexts of exposure, age of acquisition, pat-

terns of use and language switching, among many other factors definitively distinguish them. 

In both cases, however, experiential factors are deterministic for individual linguistic varia-

tion (Polinsky & Scontras, 2020). And yet, few studies in the neurocognition of bilingualism 

have looked specifically at HSs (or at least labeled and differentiated them as such).  

Under the hypothesis that individual level engagement with bilingual language expe-

rience is ultimately the (most) deterministic factor for (degree of) bilingualism-induced do-

main-general neurocognitive effects, it is not clear if age-of-acquisition (AoA) should matter. 

Under what I refer to as the strong version of this hypothesis, AoA would not bring anything 

independent to bear, at least per se.  In other words, there would be no implied potential for a 

maturational effect on how the brain deals with the mental exercise induced by managing 

more than one linguistic system. Ultimately, under such an approach, quantity and quality of 

engagement, if matched across subjects of different bilingual types, would yield no differ-

ences, making them the singular driving forces behind adaptation at the individual level inde-

pendent of AoA. Alternatively, under what I refer to as the weaker version of this hypothesis, 

AoA could matter for two partially exclusive reasons: (i) there is some type of maturational 

effect on how the brain adapts to the same quantity and quality of dual language experience 

or (ii) there is no maturational effect, but type of bilingualism entails greater and lesser likeli-

hood for intensity of dual language experience itself. This would be the case, if, on average, 

HSs are more likely to have deeper experience with dual language management than later 

onset bilinguals. That is, earlier bilinguals might be more likely to have more opportunities 

for experiences that translate into increased neurocognitive adaptations. For example, on av-

erage, HSs might be much more likely to engage (deeply) in activities such as code-switching 

that are argued to be especially relevant for degree of neurocognitive effects (Green & Li 

Wei, 2014; Hofweber et al., 2020). And so, controlling for time of bilingualism—comparing 

20-year-old HSs who have been bilingual for 20 years to 35-year-old L2 learner who also 

have been bilingual for 20 years—does not necessarily entail that AoA alone teases out the 

relevant factor of potential distinction precisely because over the same time period one or the 

other type of bilingual might be much more likely to have deeper dual language experience. 
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As a result of either scenario of the weaker hypothesis, HSs could show different patterns as 

compared to L2 learners but for quite distinct reasons. Given what we now understand as the 

highly neuroplastic nature of the human brain over the lifespan (Fuchs & Flügge, 2014), I 

take the null hypothesis to be that there is no maturational effect on how the mind/brain will 

adapt to the same quantity and quality of dual language experience. However, we leave open 

the extent to which different bilingual types will, in their aggregates and indeed across the 

individuals that comprise them, differ in terms of empirical exponents of cognitive tasks lik-

ened to bilingualism-induced adaptations. Why? Precisely because it is highly likely that in 

the most common cases bilingual type will matter for quantity and quality of opportunities to 

engage (and thus change) the relevant underlying cognitive systems.   

Despite the above provisos, it is likely, however, that HSs have been included in the 

aggregate young adult bilingual groups in published neurocognitive studies, collapsed with 

other types of non-native bilinguals. This is potentially problematic to the extent that age of 

acquisition (AoA) could itself be deterministic above and beyond individual differences with 

bilingual experiences or serve as a qualifier for how they manifest. By separating these two 

types of bilinguals, with sufficient numbers in each group, the aim in the current study is to 

directly address this possibility. HSs are not only more likely to have younger AoA, but their 

exposure to and engagement with the two languages are likely to be on average qualitatively 

distinct from other bilingual types while also showing a greater range of within-group varia-

tion (Kupisch & Rothman, 2018; Pascual y Cabo & Rothman, 2012). HSs in the European 

context at least, where English is ubiquitously taught at early ages and for which populations 

tend to have good competence when tested in young adulthood, are often multilinguals in the 

relevant sense in higher proportions than sequential L2 bilinguals. Let us imagine a potential 

scenario in the German context to understand why this should matter. A study might endeav-

or to examine the effects of bilingualism on property/domain X with young adult German L1 

to English as an L2. If German monolingual learners of L2 English are combined with herit-

age speakers of Turkish—of which there are millions—also native L1 speakers and dominant 

in German to form the so-called bilingual group, deterministic variables that make them dis-

tinct are being overlooked or ignored. This reality, which I surmise is more common in prac-

tice than one might expect, would render relevant combined groupings an amalgamation of 

bilinguals and multilinguals. We do not (yet) know what differences, if any, juggling three or 

more languages confers above and beyond two. Moreover, the contexts and frequencies of 

how languages distribute in these bilinguals and multilinguals are not only likely to be quan-
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titatively, but also qualitatively distinct. Collapsing them might be adding noise to the pro-

verbial signal research endeavors to isolate. The present study, thus, takes these above provi-

sos most seriously. This is not only one of the first studies to capitalize on, and separate out, 

HSs as a distinct group in the neurocognitive study of bilingualism, but HSs are also exam-

ined alongside a separate group of true additive L2 bilinguals. Such an approach is not only 

beneficial to address the present primary research questions, it is also in line with calls in 

bilingualism literatures for alternative group contrasts to sidestep the potential for a monolin-

gual-to-bilingual comparative fallacy (e.g., DeLuca et al., 2019; Ortega, 2013). Doing so en-

ables one to investigate the relevant contribution and weighting of experience-related varia-

bles specific to bilingualism and multilingualism and macro group-level factors such as AoA, 

duration of being bilingual/multilingual and exposure/usage patterns in isolation as well as 

how they might interact with each other.    

4.1.2. Oscillatory Dynamics and their Application within Bilingualism Research 

As mentioned above, bilingual experience has been shown to affect domain-general cognitive 

control processes. The Flanker task, which is used herein (see 4.2.3 for a detailed description 

of the task), is a commonly used task to examine cognitive control, including studies examin-

ing effects of bilingualism and the neural underpinnings thereof (see, e.g., van den Noort et 

al., 2019). However, very few studies to date have examined the effects of bilingualism on 

the neural oscillatory dynamics related to inhibitory control (e.g., Calvo & Bialystok, 2021). 

Different from the more commonly used EEG method of event-related potentials (ERPs) (see 

for reviews Cespón & Carreiras, 2020; Grundy et al., 2017), the analysis of time-frequency 

representations (TFRs) decomposes the EEG signal into the frequency domain. This can be 

done at the pre-stimulus time window, as well as post-stimulus time of interest. This oscilla-

tory activity is generated from groups of neurons that synchronize and fire together tuned to 

internal and external stimuli (Buzsáki, 2006; Cohen, 2017; Engel et al., 2001). Oscillations 

are quantified by measuring frequency-specific power from the EEG/MEG signal (Varela et 

al., 2001). In humans, five frequency bands have been defined based on their initial clinical 

relevance: delta (1–2 Hz), theta (3–7 Hz), alpha (8–12 Hz), beta (13–30 Hz), and gamma 

(30–200 Hz) (Buzsáki, 2006). Decades of research in cognitive neuroscience have highlight-

ed the role of rhythmic periodic brain activity in coordinating large-scale cortical networks to 

sustain cognitive processing and enable humans to pursue goal-directed behavior (Thut et al., 
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2012). Changes in environmental conditions need to be efficiently picked up by the executive 

functions system in order to allocate more attention and cognitive resources to a selected task, 

while at the same time being able to suppress distracting information (Botvinick et al., 2004). 

Conflict management and suppression of task-irrelevant information are typically related to 

top-down executive control mechanisms in the prefrontal cortex (PFC), particularly in the 

anterior cingulate cortex (ACC) (Botvinick et al., 2001; Fan et al., 2003; Haciahmet et al., 

2021; Helfrich & Knight, 2016).  

Consistently, EEG and magnetoencephalography (MEG) studies have linked power 

changes in prefrontal theta activity to a temporal reorganization of neural networks coincid-

ing with decision points, i.e., action monitoring and selection (Cavanagh et al., 2012). Simi-

larly, a considerable amount of work has found midfrontal theta power and phase synchroni-

zation in frontal regions (ACC and PFC) associated with stimulus conflict detection and 

response monitoring (Brunetti et al., 2019; Cavanagh & Frank, 2014; Duprez et al., 2018; 

Oehrn et al., 2014; Pastötter et al., 2013; Pscherer et al., 2021). Although frontal theta ap-

pears to be the optimal candidate for regulating and modulating executive control functions, 

it is not the only one. Current research has demonstrated how the collective participation of 

multiple frequency bands (hence several underlying cognitive regulating phenomena) more 

reliably underpins preparation and implementation of cognitive control (Cooper et al., 2016). 

Specifically, delta has been found to regulate rule implementation and alpha motor response 

and anticipatory updating mechanisms (Cooper et al., 2016). Alpha has been associated with 

the regulation of pre-stimulus proactive control mediated by the superior frontal cortex (SFC) 

(Freunberger et al., 2008; Suzuki et al., 2018). Furthermore, increases in alpha power are a 

proxy for the gating of contributions from task-irrelevant cortical areas (Jensen & Mazaheri, 

2010; Jensen et al., 2012). Finally, beta has been associated with several higher cognitive 

processes, among others top-down selective attention (Siegel et al., 2011). 

Studies in bilingual neurocognitive adaptations so far have mostly been based on 

functional magnetic resonance imaging ((f)MRI). Generally, dual language use leads to brain 

changes both anatomically and functionally (Del Maschio & Abutalebi, 2019; Pliatsikas, 

2019), especially in older populations (Bialystok et al., 2012; Gallo et al., 2020). Further-

more, individual language experiences differentially affect these brain adaptations (DeLuca et 

al., 2019; Gallo et al., 2021; Pliatsikas et al., 2020). Related literature using EEG is limited 

and (almost) exclusively looks into related ERPs signatures (see Cespón & Carreiras, 2020 

and Grundy et al., 2017 for reviews). The strength and advantage of adopting EEG over 



Study III 

 

   

 

122 

(f)MRI is that it accommodates for the investigation of rich neural processing at the millisec-

ond resolution level and can provide crucial information on both strength and timing of cog-

nitive processes (Luck & Kappenman, 2011). In complement to ERPs, TFR is a welcome 

approach because it allows the capturing of multiple simultaneously occurring cognitive pro-

cesses (Bastiaansen et al., 2011; Prystauka & Lewis, 2019). 

While the use of oscillations to examine neural underpinnings of language compre-

hension and sentence processing is increasing (see Prystauka & Lewis, 2019 for a review), 

this method has not been widely applied to look at potential bilingualism-induced effects on 

domain-general cognition. A series of resting state EEG (rs-EEG) (a measure of the ongoing 

brain signal in a task-free context) studies have investigated immersive computerized (sec-

ond) language learning paradigms (Prat et al., 2016, 2019). Results reveal correlations be-

tween learning outcomes and resting state low-, mid- and high-beta power (Prat et al., 2016) 

and functional connectivity across all frequencies correlating with posttest memory retention 

and speech variance during learning (Prat et al., 2019). Although these two studies have been 

done in the context of bilingual language learning, they highlight how oscillatory dynamics 

can be profitably employed in bilingualism research more generally to better understand un-

derlying processes of neural computation serving language-related functions.  

Bice and colleagues (2020) were the first to apply neural oscillations with the inten-

tion to investigate if underlying functional brain adaptations can be predicted by bilingual 

experiences. Comparing rs-EEG data, they found that bilinguals exhibited higher alpha power 

and coherence in the alpha and beta frequency ranges over monolinguals, positively correlat-

ing with language background measures. Similarly, Pereira Soares et al. (2021) (Study II) 

correlated rs-EEG with bilingual experience measures to investigate if and how determinants 

of bilingualism reshape the mind/brain. The findings revealed modulatory effects of age of 

second language acquisition on high beta and gamma power, whereas higher degree of use of 

the second language at home and in society contexts (among other things) correlated with 

functional connectivity (mean coherence) in theta, alpha and gamma frequencies. In sum-

mary, the results of these two studies highlight the modulatory role of brain oscillations 

(measured in a task-free context) in dual language scenarios and underline how these effects 

vary by degree of individual engagement with bilingualism experience factors over the 

lifespan.  
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4.1.3. The Present Study 

The present study tests three hypotheses guided by the recent Unified Bilingual Experience 

Trajectories (UBET; DeLuca et al., 2020) framework. UBET makes detailed predictions 

about how four general components of bilingual experience (intensity/diversity of use, lan-

guage switching, relative proficiency, and duration of use) would variably drive adaptations 

in cognitive control and its neural underpinnings. As pertains specifically to adaptations in 

oscillatory dynamics, several of these predictions from the UBET framework are key: in-

creased intensity and diversity of bilingual experience would positively correlate to theta 

power (in situations of cognitive control). This theta increase is predicted to stem from in-

creased fronto-cortical recruitment to handle the higher control demands associated with ex-

periences. Alternatively, prolonged duration of bilingual experience would relate to increased 

alpha suppression/desynchronization in situations requiring cognitive control and to de-

creased theta activity. This shift in oscillatory dynamics is related to a transition towards in-

creased efficiency and automation of handling these existing control demands. Crucially, 

intensity of use would have an additive effect in this transition, that is, increased intensity of 

exposure would modulate the latency by which adaptations to efficiency manifest neurophys-

iologically. Accordingly, the present predictions were as follows: 

  

(1) Bilingual group types differences: power differences at the group level be-

tween HSs and L2 learners, specifically increased theta activation for L2 

learners and increased alpha suppression for HSs for interference suppression 

given the difference in duration commensurable with bilingual type. 

(2) Individual differences predicted by engagement patterns: collapsing the 

groups and regressing dual language engagement (i.e., how much and in what 

contexts they use both languages) as continuous variables, one might find cor-

relations between power in theta (synchronization reflected in frontal regions) 

reflecting functional adaptations to increased control demands and alpha (sup-

pression) with engagement above and beyond bilingual type specific effects, 

reflecting increased efficiency in handling control demands  

 

and/or 
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If intensity over duration of engagement has an additive effect, different pat-

terns of individual differences between HSs and L2 learners might be expected 

given inherent differences regarding language usage distribution. For example, 

one could expect all HSs to use a non-societal language at home (potentially 

the only context in which they use their heritage language). Thus, high use at 

home would not necessarily signal overall intensity at an equivalent level an 

equal score would for an L2 learner. In the latter case only, since the non-

societal language is not expected in that context, a high score in Home use is 

likely to denote a rather high level of intensity overall. 

(3) Correspondence between neural dynamics and behavioral performance: theta 

activation is predicted to correlate with faster reaction times in the Flanker 

paradigm. Alpha suppression is predicted to show a greater dissociation with 

reaction times, especially with prolonged duration of bilingual engagement, 

signifying increased efficiency of handling control demands.  

4.2. Materials and Methods 

4.2.1. Participants 

Data were collected from 60 bi-/multilingual participants (43 female), of which 32 were L2 

learners outside of immersion (English in Germany) and 28 were early bilinguals (heritage 

speakers of Italian in Germany). The L2 learners spoke German as L1 and English as L2, 

whereas the HSs had Italian as their L1 and either acquired German simultaneously as their 

second L1 (2L1) or had acquired German from a very young age in Germany, below 4 

(Meisel, 2011). The age that participants were exposed for the first time to bilingualism (the 

L2/2L1) (mean AoA for L2 = 9.4y; SD = 1.98y, mean AoA for 2L1 = 1.88y; SD = 1.7y) and 

their crucially contexts of bilingualism (immersion or not) differed, but age at time of testing 

did not (mean age for L2 = 24.62y; SD = 3.59y, mean age for 2L1 = 24.57y; SD = 3.41y). 

Although the majority of the participants were first exposed to the other language(s) at a 

young age, this does not exclude that meaningful variation afforded by the context of each 

individual’s bilingual language use is washed out. Given the status of the L2/L3 (English) as 

lingua franca, timing of first exposure can be misleading, i.e., quantity, quality and intensity 

of exposure and use can vary even at such an early age especially outside of a native English 
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immersion context. On the other hand, heritage bilingualism is, by definition, naturalistic. 

Provided that the home language is in active use in its domains, heritage bilingualism places, 

at least at young ages, individuals in a context of immersive opportunities with ample expo-

sure and diversity of active use of the two languages. Especially over develop-

ment/maintenance through young adulthood, however, it presents a plethora of mitigating 

circumstances for interindividual variation in linguistic proficiency outcomes and language 

engagement (e.g., Kupisch & Rothman, 2018; Polinsky, 2018). Notwithstanding differences 

from monolingual baselines, it is generally accepted that HS grammars are not only native 

and naturalistic, but also comprehensive, coherent, and universally compliant with natural 

language (Lohndal et al., 2019; Pascual y Cabo & Rothman, 2012; Polinsky & Scontras, 

2020; Rothman & Treffers-Daller, 2014). And so, regardless of the reported early first expo-

sure to English of the L2 group, there are considerable and important differences to the “ear-

liness” of HSs linguistic onset and temporal exposure/engagement to bilingualism.   

Since all participants are sampled from the same context in Germany where English is 

taught pervasively and early on, the heritage speakers have also been exposed to English, 

making them multilinguals. Their proficiency in English, in fact, did not differ from that of 

the L2 group (see 4.2.2). This is unsurprising since their trajectories with English over time 

are not expected to be, and were indeed not, different in the aggregate from the L2 learners in 

the present sample. Thus, while all are at least bilingual, what distinguishes the two groups is 

their native bilingualism with Italian (or not). In addition to more fine-grained measurements 

of linguistic exposure and engagement, described separately below, Socio-Economic Status 

(SES) was coded, from 0 to 4, based on the participant's mother’s highest level of education 

(0 = lower than a high school diploma, 4 = postgraduate degree). The mean SES was 1.15 

(SD = 1.22), and there were no differences across the groups (t(55) = 1.99, p = 0.052) (see 

Appendix G, Table G3 for individual demographic data).     

4.2.2. Background Measures 

Participants completed the Language and Social Background Questionnaire (LSBQ) (Ander-

son et al., 2018b), which documents language exposure and use throughout the lifetime in a 

wide range of settings and activities (Appendix B). The LSBQ factor calculator provides 

three different (weighted) composite scores derived from a subset of relevant questions: lan-

guage use in the home environment (Home), language use in social contexts (Social), and 
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language proficiency in the societal majority language (Proficiency). Regarding both Home 

and Social factors, the higher the score is, the greater the engagement in the non-societal lan-

guage is. Alternatively, a lower score indicates more use and exposure with the societal lan-

guage in a given context. As for Proficiency, higher scores reflect increased proficiency in 

the societal majority language (here German). Additionally, age of (onset) acquisition of the 

non-societal language (AoA) and length of exposure to the non-societal language (LoE) were 

also measured. A mean score of 10.46 was observed for Social (L2 learners = 9.84, SD = 

8.69; HSs = 11.16; SD = 9.13), a mean score of 1.59 for Home (L2 learners = -5.66, SD = 

3.08; HSs = 9.86; SD = 5.77), and a mean score of 0.71 (L2 learners = 0.70, SD = 1.88; HSs 

= 0.72; SD = 1.51) for Proficiency. Participants also completed the LexTALE (Lemhöfer & 

Broersma, 2012) (Appendix C, Table C2) to assess general English proficiency (L2 learners 

= 68.75%, SD = 12.40; HSs = 65.27%, SD = 12.46), for which the groups did not differ 

(t(57) = 1.08, p = 0.28). 

4.2.3. Study Procedure 

The study was approved by the ethical commission of the University of Konstanz and all par-

ticipants provided informed consent. First, participants completed the LSBQ. Then, for the 

EEG recording session, participants were fitted with an appropriate actiCap in accordance 

with the 10-20 system (Brain Products, Inc). The experiment was presented on a 17-inch 

screen. The Flanker task (Eriksen & Eriksen, 1974) was administered using the Presentation 

software (Presentation®, Neurobehavioral Systems). Participants were presented with sets of 

five arrows and asked to specify the direction of the arrow in the middle. Surrounding arrows 

(flankers) were pointing either in the same direction (congruent condition: <<<<<) or in a 

different direction (incongruent condition: <<><<). Incongruent trials require participants to 

ignore the conflicting information coming from the surrounding arrows. Thus, comparatively, 

incongruent conditions involve greater recruitment of the executive control system.  

  The task procedure was first explained to the participants. A brief practice session 

preceded the experimental blocks to allow the participants to familiarize themselves with the 

task. The practice session consisted of a total of 12 trials, 4 congruent trials, 4 incongruent 

trials and 4 neutral arrows (only a single arrow was shown, pointing either left or right; this 

condition was not used in the EEG analysis). Participants were instructed to use their corre-

sponding index finger to press left (on a button box – RB-740, Cedrus®) if the central arrow 
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(or the single arrow in the neutral trials) pointed to the left, and to press right if the opposite 

was true. Participants were instructed to be as quick and accurate as possible. The experi-

mental session consisted of two blocks of 120 trials each presented in a randomized order: 40 

incongruent trials, 40 congruent trials and 40 neutral trials. Thus, the total number of trials 

was 240 (80 trials per condition). Each trial began with a fixation cross in the middle of the 

screen presented for a jittered duration of 400-1600 ms (at randomized steps of 100 ms). The 

fixation cross allowed the participants both to focus their attention on the center of the screen 

and to reduce saccadic eye movements. Afterwards, a 200 ms baseline blank screen appeared 

followed by the stimulus, which was presented until the participants responded or for a max-

imum duration of 1500 ms. An inter-trial interval (ITI) blank screen of 2000 ms followed to 

avoid eventual carryover effects. The participants were instructed to take a short break be-

tween trial blocks. The EEG signal was continuously recorded from 32 Ag/AgCl scalp elec-

trodes (LiveAmp32, Brain Products, Inc) (see Appendix F, Figure F1). AFz acted as the 

ground electrode and FCz as the online reference. The Fp1 and Fp2 electrodes, located on the 

forehead above the eyebrows, were employed to detect and monitor vertical and horizontal 

eye movements. Impedances were kept below 25 kΩs. Data were recorded with an online 

filter of 0.01-200 Hz and was amplified and continuously digitized at a 1000 Hz sampling 

rate using a Brain Vision LiveAmp amplifier. 

4.2.4. Data Pre-Processing and Time-Frequency Analysis 

Offline processing of the data was done in two steps. First, in Brain Vision Analyzer (BVA) 

2.0 (Brain Products, Inc), data were band-pass filtered from 0.1-45 Hz29. Then, the signal was 

segmented from -750 ms to 1250 ms around the stimulus onset. Next, an automatic inde-

pendent component analysis (ICA) implemented in BVA was used to detect and eliminate 

eye movements and blinks. ICA was performed on the segmented dataset with 512 steps and 

an infomax (Gradient) restricted algorithm. A spheric spline topographic interpolation was 

employed if anything unusual (e.g., high noise, electrode picking up the heartbeat signal, etc.) 

happened to the electrodes during the recording (1 to maximal 3 electrodes per participant - 

total number of interpolated electrodes = 0.01% of the dataset). All trials were first automati-

cally and then manually inspected for artifacts (drifts, excessive muscle artifact, blocking, 

 

                                                
29 For 5 participants the low cut-off was adjusted to 1 Hz in order to filter out recurrent skin artifacts. 
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etc.). Trial rejection resulted in the exclusion of 226 trials (0.016% of the data). The remain-

ing epochs were baseline-corrected (-100 ms prior to stimulus onset) and then re-referenced 

to the averaged mastoids (TP9/10). Data were then exported for time frequency analysis us-

ing the Fieldtrip toolbox implemented in Matlab (Oostenveld et al., 2011). Only items correct 

at the behavioral level were used for further preprocessing and analysis.  

The power spectrum was computed in the 2-45 Hz frequency range to accommodate 

the following frequency bands: 4-7 Hz (theta frequency), 8-12 Hz (alpha frequency), 13-20 

Hz (low beta frequency), 21-30 Hz (high beta frequency) and 31-45 Hz (gamma frequency). 

To calculate the power spectrum, a 500 ms long stable moving window and a Hanning taper 

were employed. Power changes were computed in steps of 50 ms and 1 Hz. Given the proper-

ties of the time-frequency analysis and the BVA to Fieldtrip export procedure, the resulting 

time-frequency representations (TFRs) contained data points between 500 ms prior to and 

950 ms after the stimulus onset. These TFRs were expressed as a relative change from the -

500 to -100 ms baseline period. Finally, TFRs were averaged for each subject and separately 

for each of the three conditions. For the remainder of the analysis, both at the brain and be-

havioral level, the interference effect was used, i.e., the difference between incongruent and 

congruent trials. 

4.2.5. Statistical Data Analysis 

4.2.5.1. Behavioral Analysis 

For the analysis of reaction times (RTs), RTs lower than 200 ms and non-accurate were ex-

cluded from further analysis. This led to the removal of 139 trials (0.97% of the trials). For 

the accuracy analysis (Acc), generalized linear models from the binomial family were em-

ployed looking at the fit of condition and group on accuracy [glm(accuracy ~ condi-

tion*group, family = binomial] (see Appendix H, Table H32). Repeated measures ANOVAs 

were performed for RTs (factors: Group [heritage speakers (HSs), L2 learners (L2)] × Condi-

tion [incongruent, congruent, neutral] (see Appendix H, Table H33).  

4.2.5.2. Time-Frequency Representation Analysis 

Analyses were performed on total oscillatory activity. Two sets of statistical analyses on the 

EEG data were performed in Fieldtrip: the first was aimed at comparing the interference ef-

fect between the two language groups (testing the first hypothesis, i.e., between-group differ-
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ences), the second was aimed at identifying the time-frequency clusters of interest for further 

analysis of individual differences (testing the second hypothesis, i.e., related to individual 

differences). A 1000-randomizations cluster-based permutation approach (see Maris & Oost-

enveld, 2007) was used (two-tailed dependent t-tests, cluster alpha = .05). The tests were run 

on the entire post-stimulus onset window with averaging per frequency band. A statistical 

threshold of p < .025 per tail was used to compute t-values for every electrode-time-

frequency point and for corrected cluster-level significance.  

4.2.5.2.1. Between-Group Comparison of the Interference Effect 

To compare the interference effect between the two groups, the power spectrum for the con-

gruent condition was subtracted from the incongruent condition separately for the HS and L2 

groups. A cluster-based permutation test comparing the resulting power spectra between 

them was then run.  

4.2.5.2.2. Identifying Time-Frequency Clusters of Interest 

To select the time-frequency-electrode regions of interest for further analysis of individual 

differences, power between the incongruent and congruent conditions (interference effect) 

was compared in the frequency bands described above. For reasons discussed below, this 

process was done at the group level, i.e., for both groups separately, and at the sample level, 

i.e., collapsing all participants into one group. As can be seen in the figures below, at the 

group level, statistically significant condition differences were found within the following 

clusters: a positive theta cluster (300-600 ms) across fronto-central electrodes, a negative 

alpha cluster (600-950 ms) and positive alpha cluster (200-500 ms) over frontal electrodes, 

and a negative low beta cluster (350-950 ms) across posterior electrodes for the L2 learners 

(Figure 4.1). For the HSs (Figure 4.2) the following pattern emerged: a positive theta cluster 

(350-650 ms) across fronto-central electrodes, a broadly distributed negative alpha cluster 

(650-950 ms), a positive alpha cluster (300-500 ms) in fronto-central electrodes, and a broad-

ly distributed negative low beta cluster (550-950 ms). At the whole collapsed sample level 

(both bilingual type groups included), the following clusters were found: a positive theta 

cluster (300-650 ms) across fronto-central electrodes, a broadly distributed negative cluster 

(600-950 ms) and a positive (350-500 ms) alpha cluster across fronto-central electrodes, a 

broadly distributed negative low beta cluster (450-950 ms) and a negative high beta cluster 
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(750-950 ms) over central-posterior electrodes. These clusters were extracted and used for the 

computation of the average power-individual-frequency band.   
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Figure 4.1 Averaged time-frequency representations of individual conditions (panels A and B) and the Flanker 

effect (panel C) for the L2 learners for 4-30 Hz in a representative electrode, Cz and topographical plots (D) of 

the Flanker effect for the time-frequency regions of interest. The Flanker effect was computed by subtracting 

power in the Congruent condition from power in the Incongruent condition. The color bar applies to both single 

electrode and topographical plots and indicates relative power change. 

 

 

Figure 4.2 Averaged time-frequency representations of individual conditions (panels A and B) and the Flanker 

effect (panel C) for the heritage speakers for 4-30 Hz in a representative electrode, Cz and topographical plots 

(panel D) of the Flanker effect for the time-frequency regions of interest. The Flanker effect was computed by 

subtracting power in the Congruent condition from power in the Incongruent condition. The color bar applies to 

both single electrode and topographical plots and indicates relative power change.  
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4.2.5.3. Individual Differences, Language Experience Factors and Brain Interaction 

A multiple regression analysis was conducted, extracting individual power values (for each 

frequency band of interest) correlate to the language variables derived from the LSBQ: non-

societal language exposure and use at home (NSL Home), non-societal language use in the 

society or community (NSL Social), proficiency in the societal language (Proficiency), Age 

of L2 or 2L1 onset (AoA), and Length of exposure to the non-societal language (LoE). Bio-

logical age (Age) at time of testing and LoE highly correlated (r = .95, p<.001). For this rea-

son, LoE was dropped from the statistical models. Sex (male, female) and socio-economic 

status (SES) were also included as covariates. All continuous variables included in this and 

the following models were centered around the mean. Treatment coding was applied to cate-

gorical variables. The process was done in two parts. First, the language variables were corre-

lated to the complete brain collapsed sample (linear regression models) (see 4.2.5.2.2 for 

clusters of interest). Then, individual correlations between these language experience factors 

and neural oscillations within each group separately were analyzed (linear regression models) 

(see 4.2.5.2.2 for clusters of interest). All models were performed using the lmrob function 

from the robustbase package (Koller & Stahel, 2011; Yohai, 1987) (see Appendix H, Tables 

H34-H36) on the statistical software R (R Core Team, 2021). Robust functions are designed 

to be more sensitive to outliers and suboptimal normal residuals, which is often the case with 

brain data. 

4.2.5.4. Interaction Brain and Behavioral analysis 

For this analysis, the interrelationship between brain oscillations and behavioral interference 

was investigated, i.e., how neural correlates predict response speed differences between in-

congruent and congruent trials (testing the third hypothesis). To do so, data at the whole col-

lapsed sample level were used (both bilingual type groups included) (see 4.2.5.2.2 for clusters 

of interest) (see Appendix H, Table H37). 

4.3. Results 

4.3.1. Behavioral Results 

A summary of the behavioral results values (mean accuracy and reaction times) is shown 

below (Table 4.1). The accuracy analysis revealed that generally both groups performed bet-
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ter in the congruent conditions in comparison to the incongruent condition (E = 1.91, SE = 

0.44, p = 0.0002 for the L2 learners and E = 2.80, SE = 0.52, p = <.0001 for the HSs) and 

neutral (E = 1.54, SE = 0.28, p = <.0001 for the L2 learners and E = -1.99, SE = 0.36, p = 

<.0001 for the HSs). Differences between the groups were only found in the incongruent 

condition (E = 0.62, SE = 0.20, p = 0.03), in which the L2 learners was more accurate. In the 

analysis on RTs, there was a main effect of condition (F(2,174) = 119.172, p = <.0001). Both 

groups were faster in the congruent and neutral conditions in comparison to the incongruent 

condition (see Table 4.1), but there were no group differences in any of the conditions. Fur-

thermore, no language group by condition interactions where found. 

 

Table 4.1 Summary of the behavioral analysis (mean Reaction Times and Accuracy) for the L2 learners (n = 

32) and HSs (n = 28) for the three different conditions (congruent, incongruent, and neutral) in the Flanker task. 

Condition Group meanRT (ms) sdRT (ms) meanAcc sdAcc 

Congruent 
L2 Learners 450 81.6 0.998 0.048 

HSs 436 89.1 0.998 0.042 

Incongruent 
L2 Learners 560 123 0.984 0.124 

HSs 561 126 0.971 0.167 

Neutral 
L2 Learners 434 80.2 0.994 0.079 

HSs 418 80.8 0.996 0.063 

 

4.3.2. Time-Frequency Results: Between-Group Comparison of the 

Interference Effect 

No differences between the two groups were found, i.e., at the aggregate level HSs and L2 

learners displayed very similar brain oscillatory patterns when looking at interference sup-

pression in the Flanker task (see Figures 4.1 and 4.2 above). 

4.3.3. Individual Differences, Language Experience Factors and Brain 

Interaction 

Although there do not seem to be any aggregate differences, this does not mean that individ-

ual-level factors are not at play, whether in a collapsed group of all participants or across par-

ticipants in each group separately. In principle, it is possible that each group contains partici-

pant samples with similar degrees of relevant experiential variation washing out any obvious 

effect. One cannot discount a priori that individual linguistic experience/engagement could 
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trump any potential effect AoA and/or -lingualism status (bi- vs. multilingualism) might con-

fer independently. In other words, it might be the case that timing (onset and duration) of 

multiple language experience and/or quantity of languages (bilingual vs. multilingual) offer 

no explanatory value above and beyond individual engagement with multiple language use 

whenever one attains competence in more than one language. If so, this would mean that 

there are no caveats to the claim that linguistic engagement patterns are primarily determinis-

tic for neurocognitive outcomes. After all, it is not only conceivable but indeed realistic to 

find adult L2 learners who are much more engaged in bilingual experiences than some child-

hood simultaneous bilinguals, even if the general trend and intuition pushes one to think in 

the opposite direction. If on the right track, there would be no reason to treat HSs and L2 

learners distinctly. Of course, this is an empirical question. One, I submit, of significant im-

portance that the present design allows to address. To test this, data from the two groups were 

first collapsed and multiple regressors were run to investigate how language usage variables 

predict neural outcomes overall. Some interesting results emerged significant, yet only for 

low beta. However, the question remained as to whether or not collapsing is the best ap-

proach. If it turns out to be that group categorizing variables (e.g., AoA) brings something to 

bear independently, probing for individual differences related to linguistic experiences would 

still make sense to do regardless. However, doing so within each group separately should 

prove more meaningful.  

Upon careful inspection of the data, it became clear that when collapsed together the 

two groups were clustering separately, instead of forming a homogenous bilingualism con-

tinuum (see Figure 4.3 for an example of this phenomenon). Therefore, the preferred analysis 

was the one that treated the groups separately. Moreover, upon treating the groups separately, 

one can note that significant effects are more pervasive, that is, not relegated only to low be-

ta. 
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Figure 4.3 The two figures on the left represent the correlation between experience factors (NSL Home top and 

AoA bottom) and low beta power from the whole collapsed dataset (units on both axes are normalized ones: x-

axes age and y-axes power) (see 4.2.5.2.2 for clusters of interest). In the two right figures, the individual data 

points, representing the participants, have been sorted out into the two groups (HS for the heritage speakers of 

Italian and L2 for the L2 learners), where again the NSL Home interaction is on the top and AoA on the bottom. 

Notice how the two groups cluster separately, with little to no mixing between them. In the two right figures, the 

L2 learner group (L2) is represented in blue and the HS group (HS) in red.                      

 

In order to examine whether language experience modulates the magnitude of power 

for each group, multiple regression analyses for each cluster were run. Only significant re-

sults are reported. Starting from the L2 learners, effects in alpha (negative cluster) and low 

beta (negative cluster) frequencies were found, and exclusively positive correlations with the 

experience factors (see Figure 4.4). The significant background-related factors that predicted 
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power in the alpha cluster were AoA (E = -0.02, t = -2.17, p = 0.04) and Age (E = 0.03, t = 

2.33, p = 0.03), whereas NSL Home (E = 0.02, t = 2.47, p = 0.02) significantly correlated 

with low beta (Figure 4.5).  

 

Figure 4.4 Predicted values of Age (left) and AoA onset (right) on alpha power (negative cluster) in the L2 

learner group (see 4.2.5.2.2 for clusters of interest). 
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Figure 4.5 Predicted values of NSL Home on low beta power (negative cluster) in the L2 learner group (see 

4.2.5.2.2 for clusters of interest). 

 

For the HS group, there was only a negative correlation (Figure 4.6) between Age and theta 

power (positive cluster) (E = -0.03, t = -2.52, p = 0.02). 
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Figure 4.6 Predicted values of Age on theta power (positive cluster) in the HS group (see 4.2.5.2.2 for clusters 

of interest). 

4.3.4. Interaction Brain and Behavioral Results 

In this analysis, RTs interference were modeled as predicted by brain-data*group. A signifi-

cant interaction between group and alpha power was found (in the positive cluster) (E = -

0.99, t = -2.06, p = 0.04) (Figure 4.7). Interestingly, the two groups show opposite patterns. 

While a positive correlation is found between alpha power and interference suppression ef-

fect for the L2 learners, the HSs exhibit a negative correlation: the more alpha was recruited, 

the smaller the difference was between incongruent and congruent trials. 
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Figure 4.7 Interaction between alpha power (positive cluster) and group and interaction with behavioral RTs 

interference. The L2 learner group (L2) is represented in red and the HS group (HS) in green (see 4.2.5.2.2 for 

clusters of interest). 

4.4. Discussion  

In what follows, the above-presented results are unpacked and interpreted in general and also 

specifically in relation to the three hypotheses outlined in the introduction. 

4.4.1. Between-Group Comparison of the Interference Effect 

The first hypothesis anticipated the possibility that the L2 learner group would exhibit in-

creased theta activation whereas, conversely, the HS group might show increased alpha sup-

pression for inhibitory control as a result of the inherent difference in duration (and context) 

commensurable with bilingual type (DeLuca et al., 2020). The logic was as follows: adapta-

tions to control demands (such as those associated with bilingual experience) are predicted to 

initially manifest in fronto-cortical regions and networks (Grundy et al., 2017; Pliatsikas, 
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2020), linked to increased theta band activation in tasks measuring processes related to inhib-

itory control (Brunetti et al., 2019; Cavanagh & Frank, 2014; Duprez et al., 2018; Pscherer et 

al., 2021). Given this, one might expect the shorter duration of bilingual experience associat-

ed with the L2 learner group to manifest as greater reliance on fronto-cortical circuits to han-

dle inhibitory control demands, resulting in greater theta band activation. As discussed in the 

introduction, here it is referred to absolute (quantitative) as well as relative (qualitative) 

“time”, given that the L2 English is not within immersion, but the HS experience entails in-

tensive early immersion in two languages by definition30. Alternatively, the longer timeframe 

(and intensity) of exposure to (at least) two languages inherent to the HS context would show 

a shift in reliance towards subcortical circuits to handle these control demands more efficient-

ly (Grundy et al., 2017; Pliatsikas, 2020), which would result in stronger modulations in al-

pha power suppression (Mazaheri et al., 2014). 

However, the findings show no such differences, disconfirming the first prediction. 

This, of course, does not mean that all bi-/multilinguals are the same. It is simply the case 

that the HSs, whose timing and intensity to bilingualism in early childhood tangibly differed, 

were not distinct in the aggregate from the L2 learners studied herein. Whereas frameworks 

like UBET (DeLuca et al., 2020) and the Bilingual Anterior to Posterior and Subcortical 

Shift (BAPSS) (Grundy et al., 2017), from which the predictions are derived, anticipate such 

a distinction, neither make reference to the timeframe under which adaptations towards effi-

ciency occur. Keeping in mind, then, that the L2 learners are not only proficient in English 

but have had significant time with English competence, it could simply be that they are past a 

stage in bilingual development where increased reliance on fronto-cortical circuits is impli-

cated. In other words, for all intents and purposes, any potential effect that duration of bilin-

gualism could have had is surpassed in these groups. Without a monolingual comparison, or 

an additional bilingual group with less L2 experience (beginners), one cannot tease the fol-

lowing three possibilities apart: (i) bilingualism has no such effect here (unlikely in light of 
 

                                                
30 As argued in the UBET framework (DeLuca et al., 2020), greater intensity of exposure, in isolation, should 
result in adaptations to increased control demands. However, in combination with prolonged duration of bilin-
gual exposure, increased intensity would decrease the latency by which adaptations to efficiency in executive 
control would occur. Indeed, such trends have been seen in participant cohorts in intensive L2 immersion envi-
ronments when compared to participants with a potentially longer overall duration of use but lower intensity 
(see for comparison e.g., Burgaleta et al., 2016; Pliatsikas et al., 2017; Stein et al., 2014). Given that the L2 
learners are outside of immersion where English has a clear functional, but not wide societal dispersion, even 
for individuals who report a young English AoA by virtue of early classroom exposure, such a dual language 
context is not equivalent to the intensity of two languages from a HS context (where both languages are used 
across familial, social, and other contexts). And so, the hypothesis was tested that in the L2 learners compared to 
the HSs this would play out empirically.  
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the rest of the data unpacked below), (ii) there simply is no difference between L2 learners 

and HSs par excellence, that is, at any stage of development or (iii) such differences would 

obtain, but only when L2 learners are under a particular threshold of bilingual experience. 

Ultimately, it might not have been a fair question to ponder from the outset since HSs tested 

in adulthood are inherently at a mature state of linguistic bilingual development, whereas L2 

learners at similar ages are at various stages of linguistic development. That is, with HSs one 

is looking at neurocognitive effects of bilingual language maintenance as opposed to bilin-

gual language development as one can do at various stages of proficiency with L2 learners.  

Beyond the aspect of AoA, which admittedly is confounded in HSs with number of 

languages as a consequence of the reality of HS bilingualism in the European context, one 

might ask if multilingualism over bilingualism evidences any differences as well. Recall that 

the present design and specific sampling matched the HSs and L2 learners in English and 

German proficiency as well as dominance (they are all German dominant). Thus, linguistical-

ly what differentiated them was the presence or absence of an additional, heritage Italian, 

grammar in the mind. Given the obtained results, one might conclude multilingualism over 

bilingualism and, more specifically, heritage language experience per se is not deterministic. 

Any such definitive conclusion at this point, however, would be precipitous based on this 

initial analysis alone. As further unpacked below, such a conclusion is, in fact, challenged by 

other aspects of the present data. Given the nature of the data—the mere reality of HS bilin-

gualism in Europe where English is not the societal language but ubiquitous—one is unable 

to tease apart AoA from multilingualism with HSs. Notwithstanding, I suspect that AoA ra-

ther than multilingualism per se, or an interaction of the two, is the driving force of the dif-

ferences noted in the present results, not least in the context of other studies showing AoA 

effects on neurocognitive adaptations likened to bilingualism (e.g., Delcenserie & Genesee, 

2017; Luk et al., 2011b; Tao et al. 2011, see Berken et al. 2017 for a review of MRI-based 

AoA supportive evidence).  

In truth, little is known about the processes of neurocognitive adaptations to multilin-

gualism as a departure from bilingualism; that is, if and how the brain further adapts to the 

acquisition and management of a third (or more) language. It is intuitive, if not theoretically 

reasonable, to anticipate that adding more languages to the brain/mind systems would in-

crease control and processing demands for successful language selection and use. After all, 

there is no shortage of literature showing that multilingual acquisition and processing are 

distinct from bilingualism in linguistic domains (see for review Rothman et al., 2019). How-
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ever, it is equally reasonable to expect that three or more languages would bring nothing or 

very minimal effects to bear on domain-general neurocognitive adaptations specifically 

above and beyond two. This could be so either because the change in state in the relevant 

sense from bilingualism to multilingualism is much less severe than it is from monolingual-

ism to (at least) bilingualism or because there are ceiling effects for relevant adaptations that 

are already met by managing two languages, at least under certain conditions. In other words, 

the brain might show highly differential adaptations when moving from a one-language sys-

tem to a two-language system, but these adaptations may not be as required (or visible) when 

moving to a multi-language system. In this light, individual differences in language experi-

ences, rather than number of languages spoken, are likely to drive patterns of multilingual 

neurocognitive adaptation (see Yee et al., 2022), to which I now turn.  

4.4.2. Individual Differences in Language Experiences  

To test the second hypothesis regarding individual difference correlations to bilingual experi-

ence, a cluster-based permutation analysis was run to explore the neural mechanisms accom-

panying conflict resolution, extracting power values per condition and regressing them with 

continuous measures of bilingual experience. For reasons discussed above (see section 4.3.3), 

the analysis was initially performed in a combined sample of the two groups, following by a 

separate (individual-level) analysis. Results suggested that AoA of the L2/2L1 and usage of 

the non-societal language at home positively predicted low beta recruitment for the whole 

group (see Figure 4.3). However, when plotted while annotating individuals by group, it be-

came visually apparent that only one of the two groups (the L2 learners) was driving the non-

societal language effect and, overall, that the groups were not mixing into the continuum of 

individual experiences. Therefore, the results are not discussed in terms of the combined 

group. Alternatively, the analysis was re-run separating out the two original groups not least 

because previous work clearly indicates that both bilingual types, on their own, could poten-

tially display within-group individual variation (DeLuca et al., 2019, 2020; Kupisch & Roth-

man, 2018).  

To the extent that this approach panned out, as in the critical analysis below, there is a 

combined epistemological and empirical note of importance. It can be true that bilingual ex-

perience is deterministic for outcomes of neurocognitive adaptations in general, but teasing 

this out can be inadvertently obscured by combining proverbial apples and oranges. Combin-
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ing distinct types of bilinguals, as in the whole group analysis, with crucial variables that 

make them incomparable at some level of apparent importance, such as AoA, could interact 

with how experience is differentially uptaken in each bilingual type and thus introduce noise. 

In other words, experience can matter generally, but not necessarily play out in the same 

ways depending on how it interacts with other features. If so, one might expect to see that 

variation in experience predicts outcome differences regardless of bilingual type, but is ap-

preciated only in comparison to peers within a singular type (at least for some outcomes 

whereas others might not show a type division). Conversely, it could be the case that experi-

ence only matters when certain other variables are true, for example, only if bilingualism 

commenced before a particular age. Maintaining group distinctions then, as warranted by the 

first pass analysis, will ultimately help to determine this. Perhaps then, the order in which 

these analyses were approached should have been reversed. Examining the groups separately 

and showing the same trends in each would have certainly warranted a follow-up to see if the 

same held true when combining both groups: a lesson learned should also be a lesson shared.   

Returning to the two-group regression analysis, let me remind the reader which clus-

ters emerged for both the HS and L2 learner groups: (i) a positive theta cluster, (ii) an early 

positive alpha cluster, (iii) a late negative alpha cluster and (iv) a negative low beta cluster. 

These clusters are in line with previous literature on the oscillatory dynamics of domain-

general cognitive control. Increased theta power in the incongruent relative to the congruent 

conditions reflects greater conflict resolution demands (e.g., Nigbur et al., 2011). Both alpha 

decreases and increases in incongruent relative to congruent trials have been reported previ-

ously (McDermott et al., 2017). These increases and decreases have different neural genera-

tors. For example, McDermott et al. (2017) localized alpha decreases to the parietal and oc-

cipital cortices as well as the areas near the right temporo-parietal junction (TPJ). These latter 

areas are part of a ventral attentional network believed to facilitate the detection of stimuli, 

especially in the presence of unexpected or distracting ones. Alpha power increases were 

found in the part of the dorsal attention network which supports the selection of sensory 

stimuli and their linking to the appropriate motor response (McDermott et al., 2017). Given 

the role of beta power for motor response preparation and execution (Engel & Fries, 2010; 

Grent-’t-Jong et al., 2013), the relative decrease of beta power for the incongruent relative to 

the congruent conditions could reflect conflict at the response level. That is, simultaneous 

activation of both response directions in incongruent trials compared to the single direction in 

congruent trials.  
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Thus, qualitatively the HSs and L2 learners (in their aggregates) exhibited similar 

neural signatures of inhibitory control. However, in line with hypothesis 2, further analysis of 

individual differences revealed that these effects were differentially modulated by experien-

tial factors for the two groups. For the L2 learners, a negative alpha cluster positively corre-

lated with chronological Age (which, given the relatively small difference in age between the 

participants, can be considered as a proxy for the duration of exposure) and AoA. That is, the 

older the participants were at time of testing (hence the more exposure they had to the L2) 

and the older they were when they acquired their L2, the smaller the alpha power decrease 

accompanying conflict resolution was. Under the interpretation that reduced alpha suppres-

sion reflects more efficient task performance (Kielar et al., 2014; Riečanský & Katina, 2010; 

Zhuang et al., 1997), the Age effect suggests that participants who were exposed to their L2 

longer demonstrated less effortful processing of incongruency in the Flanker task. This result 

is in agreement with the theoretical suggestion that longer duration of dual language use 

(which implies prolonged juggling of two language systems) confers adaptations that afford 

more efficient and automated processing of conflicting information (Grundy et al., 2017; Pli-

atsikas, 2020). However, as discussed in the introduction of this chapter, there is also an ac-

count predicting that prolonged duration of bilingual experience would be associated with 

increased alpha suppression in posterior and subcortical areas in situations of control de-

mands (DeLuca et al., 2020). This prediction is more in line with the present finding of posi-

tive correlation between the AoA (given that it is often confounded with prolonged duration 

of bilingual use) and alpha decrease, whereby the earlier the participants learned their L2, the 

stronger alpha decreases are exhibited. Thus, the effects of Age and AoA are somewhat con-

tradictory in the current study and further work should more closely examine the contribu-

tions of these different but related factors.  

Additionally, within the L2 group, the negative low-beta cluster positively correlated 

with the use of non-societal language at home, namely the more English is used at home, the 

smaller the relative beta power decrease is. Although at first glance this result might seem 

controversial, when considering the use of English at home in a society like Germany in 

younger populations, factors of language-use divergence across individuals can be easily pin-

pointed (some having international roommates or friends, playing online games, differential 

usage of social media and others). And so, similarly to the alpha power results, such reduced 

beta power may indicate more efficient handling of conflicting information (Kielar et al., 

2014) by individuals who more intensely use their L2. This is in line with the account sug-
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gesting that a change in control demands is expected with increased intensity of L2 use 

(DeLuca et al., 2020).  

For the HSs, Age at time of testing negatively correlated with power in the theta fre-

quency band, i.e., the older the participants were (hence, the more exposure to Italian and 

English, and thus prolonged exposure to multiple languages), the less theta power they re-

cruited for processing incongruency. The reduction of theta power as a function of duration 

of exposure might signal a reverting to baseline levels of the functional recruitment patterns 

in fronto-cortical regions resulting from the increased efficiency in juggling their languages 

and a reduction in inhibitory control demands (DeLuca et al., 2020; Pliatsikas et al., 2020). 

So how can it be that given very similar brain signatures of conflict resolution between the 

two groups, these signatures are found to be differentially modulated by language experience 

factors? Here is where I believe to be seen an effect of HS bilingualism itself. Recall that the 

groups are controlled for context of learning and proficiency of English. However, the HSs 

experience with Italian under an immersion context, i.e., their earlier intensity to naturalistic 

bilingualism, drives differential outcomes.  

The groups did not overlap on the continuous measures of AoA and the use of non-

societal language at home. Thus, it could be that while these distinctions in experience do not 

lead to qualitative differences in which neural operations are recruited for processing conflict 

(at least the kind of conflict induced by the Flanker task), they do define the ways in which 

they interact with experiential factors. It could also be the case that when more than one lan-

guage is acquired early enough and/or when the non-societal language use at home is more 

intense, there are threshold effects related to experiential factors (e.g., duration of exposure) 

differentially triggering conflict detection and the communication of the subsequent need for 

enhanced control (Cavanagh & Frank, 2014). When the onset of exposure to another lan-

guage occurs past a certain threshold (e.g., as in the L2 learners) and non-societal language is 

minimally or not used at home, the duration of exposure may not have that same effect. 

However, in the case of later onset of exposure to L2 and minimal use of non-societal lan-

guage at home, experiential factors modulate the engagement of attentional mechanisms re-

quired for managing the conflict as reflected in alpha oscillations, and recruitment of the mo-

tor system as reflected in beta oscillations. 

The current study does not allow to disentangle the effects of AoA and non-societal 

language use at home on the relationship between experiential factors and neural signatures 

of inhibitory control. It is possible that the differences observed between the two groups are 
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driven by one or both of these measures, or that adaptations required by each are likely to be 

modulated by the other (DeLuca et al., 2020). Further work should address this issue by care-

fully selecting appropriate test populations to address this query, for example, by adding a 

group of multilinguals with the same languages to the HS group herein but have acquired 

their L2 and L3 in adulthood (e.g., German natives who acquire English in the typical (early 

L2) case and are L3 learners of Italian with high proficiency). 

4.4.3. Brain and Behavioral Interaction 

As per hypothesis 3, the anticipated observable relationship between oscillatory dynamics 

and RT performance was investigated. Recall that the HSs and L2 learners showed differing 

patterns: the L2 learners showed a positive correlation between alpha power and RTs for in-

hibitory control, whereas the HSs showed a negative correlation between alpha power and 

task performance for this contrast. 

The asymmetry in effects provides some support for the predictions of the UBET 

framework (DeLuca et al., 2020). Specifically, the decreased alpha power seen within the HS 

group can be interpreted as a measure of increased efficiency. Recall that the EEG data in-

cluded within the model (see section 4.3.4) came from a positive alpha cluster; that is, an in-

crease in alpha power for incongruent relative to congruent trials. As increases in alpha per 

condition can be interpreted as inhibition of task-irrelevant information (see, e.g., Van 

Diepen et al., 2019), the negative correlation here indicates that the HSs seem to rely less on 

inhibitory control processes to achieve similar reaction time performance for interference 

suppression.  

The pattern seen in the L2 learners was not expected, but also suggests an adaptation 

to the nature of language control demands. The positive correlation between alpha power and 

reaction time indicates a shifting adaptation to inhibitory control costs that might not have 

(yet) reached a degree of efficiency noted in the HSs. This indicates a greater require-

ment/focus on specific cognitive networks related to language- and domain-general cognitive 

control. This effort would then lead to a slight slowing on trials requiring increased inhibitory 

control (such as the incongruent trials), resulting in larger interference effects at the level of 

RTs. 

It is possible that with prolonged (or more intense) engagement with the L2, a broader 

cognitive control network would be engaged. Recall that the language demographics for the 
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L2 learner group is characterized by L1-dominance (German) with relatively shorter expo-

sure to the non-native language (see Appendix G, Table G3). Given the decreased opportuni-

ties for engagement, and the shorter time frame overall to engage in language control, this 

could reflect a system that is not fully optimized to handle the control demands (Grundy et 

al., 2017; Pliatsikas, 2020). It is possible that with increased intensity of use or prolonged 

duration of use, the patterns seen in this group would more closely align with those seen in 

the HS group, but further research targeting individuals and groups with such demographic 

patterns is required to assess this.  

4.5. Conclusion 

Investigating EEG oscillations in a Flanker task, this study examined potential neurocogni-

tive adaptations in two types of bilinguals. Motivated by inherent differences in duration (and 

entailed intensity by contextual distinctions) of bilingual experience, it was hypothesized that 

the two groups herein would diverge relative to each other: the L2 learners would exhibit 

increased theta activation while the HSs would show increased alpha suppression. However, 

between-group comparisons revealed no such distinctions. In line with the literature seeking 

to reveal—if existent in a given aggregate—and understand individual differences in bilin-

gual language and executive control, various non-neural (e.g., demographic) variables were 

regressed to probe for prediction of individual differences in neural activation. When examin-

ing the Flanker effect separately within each group, it was found that both groups demon-

strated (partial) signatures of cognitive control (specifically theta increase, initial alpha in-

crease followed by later alpha decrease as well as low beta decrease). Indeed, the data 

revealed specific bilingual experiential factors correlated to modulatory effects in each group, 

but differentially so. Moreover, the two groups demonstrated distinct relationships between 

oscillatory dynamics and behavioral performance on the Flanker task (reaction times). Over-

all, insights from this study support the view that individual engagement matters in bilingual-

ism and neurocognitive outcomes, but not necessarily in the same way across all bilin-

gual(type)s. That said, it is also prudent to point out that this study is limited to a single 

cognitive task. That is, to the extent that Flanker is a good task to examine inhibitory control, 

the present can speak only to support general conclusions for the relevant cognitive domain. 

And yet, claims of bilingualism—whether treated/envisaged as a continuous variable or 

not—potentially affecting executive functions are not limited to the domain of inhibitory con-
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trol. And so, a modicum of caution needs to be applied in terms of the generalizability of 

even what the present data support: while I maintain the present study shows that degree of 

bilingual engagement matters—differentially so for distinct types of bilinguals—for neu-

rocognitive outcomes, this does not mean it affords supportive evidence beyond the tested 

domain. 
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5. General Discussion 

5.1. Summary and Discussion of the Findings 

This thesis has examined two topics dealing with how experience shapes processes and out-

comes in bi-/multilingualism at the linguistic and cognitive levels: (i) the role of previous 

linguistic experience in L3/Ln acquisition (Study I) and (ii) the role of individual-level expe-

rience/engagement with dual language use for cognitive and neural effects (Studies II-III). 

All three studies have been conducted with a population of heritage speakers of Italian who 

have gown-up in Germany and either contrasted to non-heritage native speakers of German 

(Study I) or collapsed into a larger multilingual pool of participants (Study II comprising the 

HSs, a late bilingual German and a late bilingual Norwegian group; Study III only compris-

ing the HSs and a late bilingual German group) where individual differences in multiple lan-

guage usage correlations were probed for neurocognitive adaptations. Driving this research 

has been the theoretical interest in identifying whether patterns of multilingual language ac-

quisition/processing and neurocognitive effects related to bilingual (and/or multilingual) lan-

guage use can be better (or differently) explained by isolating heritage bilingualism and the 

weighting of age of onset of bilingualism (or other bilingual language predictors) for expli-

cating multilingual language learning and/or underlying neurocognitive processes. I return to 

these overarching points in greater detail below (5.2.1-5.2.3). It has also been the hope that 

the findings will translate to (additional) more practical implications, for example insights 

relevant for foreign languages instruction in multilingual contexts (and HL engagement at 

home and in schools) and the knock on more effective language learning.  

In this chapter, I start with a brief summary and short discussion of the three empirical 

studies (Studies I-III). Then, theoretical implications within both fields (MLA and BB) are 

discussed in light of the overarching research questions of this thesis (sections 1.7 and 5.2.3). 

Finally, some suggestions for broad practical implications of these results are offered (section 

5.3). An overview of the findings of the three empirical studies is provided in Table 5.1.  
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Table 5.1 Summary of Studies I-III. 

Study Object of 

Investigation 

Participants Methods 

(Task) 

Additional tests Main findings 

I L3/Ln acqui-

sition (Case 

and adjective 

position) 

− 15 HSs 

− 28 German L2ers 

RSVP/GJT − Vocabulary test(s) 

− LSBQ 

− N200/N400-like component for HSs only for Case morphology 

− P600 in the German L2 group for adjective position 

II Resting state 

EEG 

− 25 Italian HSs 

− 30 German bilinguals 

− 48 Norwegian bilinguals  

Power & 

Functional 

connectivity 

− Vocabulary test 

− LSBQ 

− Power: AoA negatively correlates with high beta/gamma 

− Mean coherence: AoA modulates gamma, Proficiency modulates frontal 

theta/alpha, language use (Home and Social) modulates theta and alpha 

III Task-based 

EEG (inhibi-

tion) 

− 28 Italian HSs 

− 32 German bilinguals 

Flanker task 

(TFRs) 

− Vocabulary test 

− LSBQ 

− No overall brain differences between the two groups 

− Effects of Age, AoA and Language use at Home on alpha/low beta for 

the L2 learners and Age on theta for the HSs 

− Opposingly effect of alpha prediction of behavioral performance 

Notes: The heritage bilinguals were all born and raised in Germany. They learned the heritage language from one or both parents and spoke German as the majority language. 

English as L2 or L3 is always present. 

Abbreviations: EEG = electroencephalography; HSs = heritage speakers; RSVP = Rapid Serial Visual Representation; GJT = Grammaticality Judgment Task; TFRs = Time-

Frequency Representations; LSBQ = Language and Social Background Questionnaire; AoA = AoA (mostly of the 2L1/L2); L = Language.  
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As shown in Table 5.1, Study I investigates multilingual language acquisi-

tion/processing in 15 Italian HSs compared to 28 non-heritage speaker German natives. Two 

linguistic domains were selected to adjudicate between competing models of L3/Ln transfer: 

Case morphology (which German and Latin share the underlying formal morphosyntactic 

features of, yet Italian and English lack) and adjectival position (which is similar between 

Italian and Latin, and distinct although similarly in German and English). The experiment 

was composed of three parts (i) a vocabulary learning phase (separate in two sessions divided 

by a 2-10 days consolidation period), where participants were exposed for the first time to the 

Mini-Latin vocabulary. Upon completion and successful learning of the lexical items, partici-

pants were implicitly entrained in the Mini-Latin grammar. To do so, 128 correct grammati-

cal sentences were shown to the participants via a picture-matching task. Participants needed 

to click on the picture which represented the sentence. If participants showed dominance of 

the Mini-Latin rules (by passing a quick test), they moved onto the empirical testing phase 

where they were exposed to a GJT while EEG was recorded. Of crucial note here was that 

ungrammatical sentences, where Case was misaligned and/or a non-Latin adjectival word 

order was present, were first encountered only in the experimental phase. Findings evidenced 

a N200/N400 component for Case morphology in the HSs only, meaning that the non-

heritage German group showed no sensitivity whatsoever to ungrammatical Case violations. 

As the component was not the typical P600 that one would expect for grammatical repair, the 

interpretation was not one of linguistic transfer in this domain. Rather, given that components 

of early negativity are associated with heightened pattern matching capability, this finding 

was interpreted as HSs showing signs of increased sensitivity to morphological marking 

overall asymmetry, presumably due to their longer experience with bilingualism. The second 

finding was a P600 for the German L2ers only for adjective/noun word order violations. This 

second finding was interpreted as a signature of task-pattern learning and sentence integra-

tion/repair (rapid multilingual language acquisition of the target (Latin) rule), since none of 

the models would predict this at the level of transfer, not least as in this group no previous 

language they had knowledge of would have possibly provided a transfer source. Overall, the 

results cannot be straightforwardly explained in relation to any of the L3/Ln models of trans-

fer selection, which lead me to ponder if the use of a mini grammar is truly appropriate to test 

these theories in the first place (see Study I and discussion in González Alonso et al., 2020). 

However, the N200/N400 for the HSs in Case morphology might be a sign of some type of 

advantage of subsequent language learning for early vs late bilinguals. That is, a heightened 
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sensitivity to morphological awareness for subsequent learning, the potential lack of which 

has been discussed in the L2 literature as the main bottleneck in adult L2 (Ln) acquisition 

extensively (e.g., Jensen et al., 2017; Lardiere, 1998; Slabakova 2008, 2014).  

 Study II examined resting state neurocognitive underpinnings in 25 Italian HSs and 

78 late bilinguals (30 German and 48 Norwegian bilinguals). All participants have been col-

lapsed into one bilingual continuum group and measures of bilingual language experience 

(derived from the LSBQ, Anderson et al., 2018b) have been used as regressors for the brain 

data. Both relative power and mean coherence were computed. The findings show a negative 

correlation between AoA and high beta and gamma powers, i.e., the earlier a person was ex-

posed to bilingualism, the higher were the relative powers in those two frequency bands. 

Functional connectivity results highlighted connections between brain regions pairings modu-

lated by different bilingual predictors. AoA of bilingualism modulated intra- and interhe-

mispheric connections in gamma, whereas proficiency in the non-societal language predicted 

frontal modulations within both theta and alpha frequencies. Finally, measures of bilingual 

language use and engagement both at home and in societal contexts also modulated theta and 

alpha in various ways. The effects at the power level seem to hint towards maximized bene-

fits for neural networks as a function of time, i.e., the earlier the onset of bilingualism, the 

greater these benefits seem to be. Mean coherence findings mostly point towards increased 

levels of functional connectivity between different scalp regions due to bilingual predictors 

(among others use, Proficiency and age of onset of the 2L1/L2). Thus, engagement with two 

(or more) languages in the mind/brain seems to have modulatory effects for connections be-

tween neural pools. 

Finally, Study III was concerned with the neurocognitive correlates of bi- and multi-

lingualism in an inhibition task (Flanker task). Twenty-eight Italian HSs and 32 non-HS 

German bilinguals were tested. TFRs were computed for the difference between the incon-

gruent and the congruent trials for the two groups (the so-called cognitive interference), and 

this value was (i) compared between the two groups, (ii) correlated to bilingual language pre-

dictors and (iii) used as interaction to the behavioral performance. No difference was found at 

the neurocognitive level between the two groups. However, regressions of bilingual predic-

tors revealed effects of Age, AoA and Language use at Home on alpha and low beta for the 

L2 learners and Age on theta for the HSs. Finally, alpha predicted a positive correlation for 

the behavioral interference in the L2 learners and a negative one for the HSs. The null result 

at the brain level was interpreted as late L2 learners having reached levels of bilingual en-
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gagement high enough to not rely on fronto-cortical networks anymore, and thus, any poten-

tial effect bilingualism could have had levels out in these groups. Furthermore, the data show 

that the addition of a third language—the HSs were just as proficient in English as the non-

HS Germans were, making them multilinguals—brings little (or nothing) to bear for further 

brain adaptations beyond what bilingualism does. Bilingual experience factors regressions on 

the neural frequency data showed interesting effects, although differently so between the two 

bilingual types. Bilingual predictors were argued to modulate inhibitory control demands, 

albeit differentially depending on bilingual type, which hints that AoA, and what it proxies 

for, has some deterministic effects. Similarly, the opposing result found at the brain behav-

ioral interface for the two groups might be a sign of differential shifting adaptations to inhibi-

tory control costs/demands. Taken together, the findings indicate differential adaptations for 

the two groups towards brain recruitment to deal with inhibitory and cognitive demands.   

5.2. Theoretical Implications  

In what follows, several theoretical implications of this dissertation’s findings are highlighted 

and discussed in three sections: first, the results of the L3 study (Study I) within the literature 

and beyond are contextualized. Then, the same is done for Studies II and III combined. These 

first two parts are explored from different points of view with regard to the discussions within 

the chapters themselves. And finally, I return to the overarching research questions of the 

thesis and discuss if/how the field of multilingual language acquisition and that of bi-

/multilingualism effects on the brain can complement and inform each other.  

5.2.1. L3/Ln Acquisition and Transfer 

Study I set out to test the models of L3/Ln transfer by means of a natural language paradigm 

combined with EEG. Similar to González Alonso et al. (2020), the findings herein did not 

allow to take a definitive position on how they translate to adjudicate between them. Chapter 

2 already dealt with some of the factors that might be playing a role in this respect. Here, I 

return to these factors and expand more on their theoretical and practical implications within 

the field of L3/Ln acquisition/processing and linguistic transfer effects. 

 The first and most important factor to consider is timing. Multilingual language ac-

quisition is intrinsically a dynamic reality, with many different entities that play a role in in-

fluencing the timing and development of language acquisition in multilingualism (e.g., the 
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reality and details of the language pairing itself, the context of acquisition, etc.). Because of 

this, none of the current models in the field offers exact indications about the precise 

timeframe of the initial stages (and development for that matter) for transfer effects (see 1.4.1 

and 2.1.1). This makes the study of multilingual crosslinguistic effects challenging, although 

a good argument has been made that examining truly ab initio learners for transfer effects is a 

good starting point (Puig-Mayenco & Rothman, 2020). If the aim is to assess ab initio acqui-

sition (as done in this thesis), one still has to consider what amount of exposure to the target 

is warranted to be able to expect transfer to obtain in the first place. In a mini (or artificial) 

grammar learning paradigm, one has to ponder how many sessions of exposure are needed 

for one to be safely looking at potential grammar transfer above and beyond strategies an 

individual is applying to complete the task at hand. In other words, how much exposure to the 

target is required for one to be testing processes of acquisition as opposed to learning the task 

itself. In Study I, it seems clear that the results are not indicating (yet) acquisition of interlan-

guage grammar (and thus transfer). Instead, they are rather showcasing differences in how 

distinct types of bilinguals handle a language-based task for a novel grammar cognitively. 

With this in mind, I believe that the amount of necessary input that maximizes the chances of 

capturing not only early attentional processes but also transfer effects per se is more than 

what provided to the learners, as was also true of González Alonso et al. (2020) (see 2.1.3). 

Here, the paradigm contemplated one consolidation period that was lacking in González 

Alonso et al.’s study. But the data obtained, interesting as they were, are showing differences 

in how distinct types of bilinguals cognitively approach mini grammar learning at the true ab 

initio state. Thus, they do not inject confidence that what they are tapping has anything to do 

with linguistic transfer or even language acquisition itself at the abstract level as opposed to 

linguistic experience-based distinctions in how the participants approach tasks involving 

novel language with no prior experience.  

A second relevant factor tightly bounded with the previous one is the complexity of 

the linguistic phenomena. Decades of research in linguistics and L1/L2 language acquisition 

has argued/shown that complexity of the linguistic phenomenon/structure is deterministic for 

the timing of acquisition (e.g., Chomsky, 1969; d'Anglejan & Tucker, 1975; Eichler et al., 

2013). That is, the more complex the phenomenon is, the later it gets acquired. While very 

relevant for L1 acquisition and ultimately true for acquisition of the target structure in L2 

when it is distinct from the L1 specification, this observation is of little consequence for ini-

tial interlanguage specifications for models advocating full transfer, since they advocate a full 
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underlying system of specification present via transfer at the earliest stages of interlanguage 

grammar. Yet for models that reject full transfer, such as the LPM and the SM, this observa-

tion is of high relevance. They claim that L3 acquisition is a learning-by-parsing process 

without an initially fully specified interlanguage grammar. While both sets of theories under-

stand development as gradually building a new target grammar, the crucial difference is the 

degree of reconfiguration that will need to take place from the initial interlanguage gram-

mars, presumably much less when it is a property-by-property approach (Westergaard et al., 

2017). Given incremental learning without any default transfer from a single source, the LPM 

would not expect two properties to stabilize at exactly the same time, but rather them to be 

dependent on various factors, such as complexity and input frequency (Westergaard et al., 

2017, 2021a). This is also true if one extends the TPM’s implications for development, but it 

would not always bear out in the same way. For those properties the TPM predicts to have 

initial negative transfer, considering the actual target configuration, it predicts to also be more 

costly as they will require reconfiguration (if possible at all, depending on subset superset 

relationships and the like). Opposingly, for the LPM, variables such as complexity and fre-

quency are not hindered a priori by a default transfer status. In any case, this is a discussion 

of eventual developmental trajectories (whereas this initial exposure, ab initio study was 

squarely focused on the early stages). That said, insofar as models like the LPM do not al-

ways make predictions that can be tested at the initial stages, but rather require a develop-

mental study to see that indeed one property stabilizes before another in accord with its initial 

predictions, ab initio mini grammar studies might not be the best method to test it.    

Finally, a last factor that I would like to emphasize here is the potential for differences 

between L3 versus Ln acquisition (see González Alonso & Rothman, 2017; Pereira Soares & 

Rothman, 2021; Rothman et al., 2019). Indeed, throughout this thesis, I have treated distinct 

types of participants—naturalistic HS bilinguals who already acquired chronologically an 

additional language, English, and German second language learners of English—similarly in 

the sense that they are all ab initio multilingual learners in the present context. However, 

treating all adult multilingual acquisition the same—e.g., by bilinguals of different types or 

juxtaposing people who have already acquired several previous languages against some for 

whom the target is genuinely the third—should not be taken for granted (Rothman, 2015; 

Rothman et al., 2019). In other words, one does not know at this point of development in the 

field if the linguistic and cognitive/neural processes that happen when the L2 learner starts 

acquiring an L3 operate in the same ways when an individual with previous multilingual ex-
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perience approaches an L4 (or more) context. In fact, Rothman et al. (2019) and Pereira Soa-

res and Rothman (2021) argue that, for reasons of economization of mental processes for 

language competition/inhibition (Bialystok et al., 2012; Hervais-Adelman et al., 2011; Kroll 

et al., 2012), in combination with potentially relevant previous experience where selection 

between specified grammatical options from more than one linguistic system competed and 

proved both facilitative and non-facilitative over development in a previous L3, Ln acquisi-

tion could differ qualitatively from L3 acquisition. Less than a handful of studies have direct-

ly looked systematically at potential L3 vs. Ln differences (e.g., Llinàs-Grau & Puig-

Mayenco, 2016; Tavakol & Jabbari, 2014). They reported confounding results (regressive 

transfer from the L4 to the L3 in Llinàs-Grau & Puig-Mayenco, 2016 and L2 transfer into the 

L4 in Tavakol & Jabbari, 2014).  

This naturally raises the question, related to Study I, if it would not be more reasona-

ble to consider potential differences between the two groups as a consequence of L4 vs L3. 

As discussed in the study, the fact that all participants started acquiring English quite early in 

schools and were tested with mid-high proficiency (see 2.2.2) in English regardless of wheth-

er they were a HS of Italian or not, makes the target Mini-Latin grammar an L4 for the HSs 

and an L3 for the German-English L2 group. The complexity of the experiment, methodology 

and indeed the results led me to avoid going too far into this discussion in the study itself. 

However, there is no denying that there is a potential confound lingering that could question 

the direct comparison performed. While this must remain an open empirical question, it is 

worth pondering further here, if only as food for thought for future studies. This is the case 

precisely because the optimal way to address this is impossible now as it involves having 

additional groups—for example, a group of HSs who do not have an additional language at 

the onset of the experiments. It should be acknowledged, however, that the context of Europe 

with the reality of English finding such a group would be a formidable task. Even in the case 

one were to have a group of say English HSs growing up in Germany, for which the same 

languages are controlled compared to the German L2 English group, it would still be the case 

that English is provided to these naturalistic child learners in a way that could be considered a 

pseudo L3 type of re-learning (see Polinksy, 2015 for discussion). In any case, I would like to 

submit that the data themselves do not seem to suggest, at least straightforwardly, that the 

differences noted in the groups can be collapsed to an L3 versus L4 distinction. After all, in 

accord with Cenoz (2003) and (many) others claims that more previous language learning 

cumulatively enhances a bootstrapping effect for subsequent language acquisition, the HSs 
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would be expected to do better for both properties tested if anything, especially so consider-

ing the languages they knew and the domains of grammar targeted in the experiment. After 

all, not only did they have more previous multilingual learning experience, Italian also pro-

vides a transfer basis for Latin adjectival word order and German the same for the underlying 

morphosyntactic feature of Case. Yet, it was not the case that the HSs did better overall as 

discussed in relevant detail in Study I. Future work that can tease this out empirically is, of 

course, very welcomed. 

5.2.2. Bilingualism and the Brain 

The field of bilingualism and the brain underwent tremendous progress and has seen many 

innovations in the past two decades. While initially (and for most of its short history) studies 

have been designed to contrast groups of bilinguals—often (inappropriately) collapsing sev-

eral types of bilinguals—to matched monolinguals, in the past five years or so well-

articulated argumentation highlighting the inherent comparative fallacy of doing so for 

many—crucially not all—questions have been made. It is now increasingly recognized that 

for many questions, a “continuum” approach to bilingualism (i.e., no monolingual controls). 

Thus, experience variables related to bilingual language history and use are run as continuous 

regressors to probe for individual differences within bilinguals (e.g., Bialystok, 2016, 2017; 

DeLuca et al., 2019; Li et al., 2014; Luk & Bialystok, 2013; Surrain & Luk, 2019). Of course, 

monolingual comparisons can be useful, in fact, much information has been gained over the 

years at the linguistic as well as the neural level from such comparisons. However, there is 

also no question that collapsing participants into juxtaposed aggregates whereby a key factor 

is assumed to be both monolithic and dichotomously categorizing as a basis for running com-

parative statistics can ultimately lead to washing out of meaningful individual-level infor-

mation. 

Studies II and III are couched within this contemporary approach, pushing forward by 

applying it to a novel type of brain analysis (at least for the field). Findings from the two 

studies suggest that bilingualism individual differences are deterministic in modulating oscil-

latory power and functional connectivity (Study II) at rest as well as neural oscillatory dy-

namics during engagement with a task tapping at the inhibitory/attentional system (Study III). 

A particularly prominent role seems to be afforded to age of onset (AoA) of bilingualism, 

since it appears in almost every regression analysis with the brain data herein. This comes as 
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no surprise given the heterogeneity within bilinguals in this thesis. Interestingly, this result 

comes in two forms: in Study II, where both bilingual types (HSs and L2 learners) were col-

lapsed into the same sample, but also when the individual analyses were done separately at 

the group level (Study III). Taken together, these results indicate that the age when individu-

als start engaging with bilingualism has differentially profound effects on brain processing 

and function. Incidentally, this pattern is also echoed in Study I, where differential patterns 

for HSs were seen. For instance, an N200 effect which relates to enhanced sensitivity to pat-

tern matching overall.   

Overall, the present results find support in the related MRI literature. For example, 

studies report AoA to negatively modulate grey matter effects, i.e., the earlier the onset of the 

L2, the smaller were cortical differences between bilinguals and monolinguals (Klein et al., 

2014; Wei et al., 2015). Similarly, AoA seems to modulate white matter pathways, although 

the reported effects vary depending on the tract and hint towards both positive and negative 

correlations (Berken et al., 2017; Kuhl et al., 2016; Nichols & Joanisse, 2016; Rossi et al., 

2017). Studies using individual experience measures have found comparable results. Hervais-

Adelman et al. (2018) looked at multilinguals and showed bilateral caudate adaptations pre-

dicted by AoA and proficiency measures for each language. DeLuca et al. (2018), from a 

longitudinal non-training study, reported renormalizations of frontal diffusivity and increases 

in cerebellar grey matter predicted by both immersion and AoA and caudate reductions. 

Similar effects were found by DeLuca et al. (2019). They reported a complex array of corti-

cal, subcortical adaptations (both increases and decreases) and resting state functional con-

nectivity predicted by various measures of bilingual experience (AoA, Immersion, amount of 

switching in social and home settings and more). The present findings highlight that age of 

onset of bilingualism, among other factors, is predictive for brain adaptations later in life. 

Since AoA is a proxy for length of engagement with the dual language experience, it follows 

that the quantity and the quality of bilingual language use have profound effects at the neural 

level. As such, the findings from this dissertation complement this literature by adding a new 

important piece to it, that is the use of neural oscillatory methodologies. By so doing, they 

open new doors for the study and comprehension of bilingualism effects on the brain (Rossi 

et al., 2022). 

In section 1.5.2, the contemporary models of bilingualism and the brain were re-

viewed. Although Studies II and III do not straightforwardly test any of these frameworks (or 

their predictions), they fit into the contemporary literature by looking at individual effects of 
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bilingual language experience by means of novel functional brain oscillatory measures. Thus, 

it seems important in the context of the overall discussion of the thesis to come back to them 

in greater detail. From these models (see section 1.5.2 of Chapter 1), only the UBET (Deluca 

et al., 2020) and somewhat tangentially the BAPSS (Grundy et al., 2017) models deal with 

electrophysiological correlates, although only the UBET offers actual predictions regarding 

brainwaves. However, possible interpretations of the findings herein can be extended to the 

other theories, such as the ACH (Abutalebi & Green, 2016; Green & Abutalebi, 2013) and 

the DRM (Pliatsikas, 2020) as well. 

The present findings offer support for the UBET predictions, i.e., that differential ex-

perience-based factor (diversity/intensity of L2 use, language switching behavior, relative 

proficiency and duration of L2 use) trajectories modulate specific neurocognitive effects. At 

the EEG level specifically, the UBET posits that the milieu and overall opportunities with 

bilingualism engagement triggers processes of executive control and automaticity via, among 

other things, (frontal) theta and (subcortical) alpha recruitment. Accordingly, the present data 

find theta and alpha effects to modulate functional connectivity measures at rest in relation to 

the amount of language use at home and in societal contexts (Study II). Similarly, oscillatory 

dynamics in mainly theta (increase) and alpha (suppression) frequency ranges modulate spe-

cific variables of language experience in diverse types of bilinguals (Study III). These oscilla-

tory dynamics are in line with literature suggesting theta power increases and alpha power 

decreases over sensory cortical regions as a result of greater reliance on subcortical structures 

when tasks require high degree of interference suppression and cognitive control (Mazaheri 

et al., 2009; Mazzetti et al., 2019). These effects suggest a shift from fronto-cortical towards 

subcortical regions/tracts with incremental bilingual language experience, as predicted by the 

UBET straightforwardly and more generally with the claims of the BAPSS, highlighting an 

anterior to posterior shift as a function of increased experience leading to language/control 

automatization. These are among the first studies that confirm predictions from these two 

models with complementary (to MRI) neuroimaging methods. Changes at the structural and 

functional levels, as for example the ones cited above from fronto-cortical to subcortical shift 

with increment automatization and decrease processing effort due to bilingual language en-

gagement, cannot be observed with (f)MRI owing to poor temporal resolution. Therefore, 

more studies employing EEG are needed in the field to (dis)confirm the findings herein and 

the models’ predictions.  
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The DRM (Pliatsikas et al., 2020) seems also to be compatible with the results of 

Studies II-III. The model predicts a three stage-process of brain adaptations towards higher 

neural demands resulting from increases in bilingual language exposure and use. The peak 

efficiency and final stage automatization of control processes is achieved via volume expan-

sions in the cerebellum and via a frontal to posterior (control) shift. Recall that the individu-

als in the samples of this thesis not only have high proficiency in the 2L1/L2, but many show 

high levels of engagement. Thus, the combination of intensity, the extent of language input 

and available opportunities to use the two languages and the theta/alpha (and other oscillato-

ry) effects seem to hint towards more automated (control) process with incremental bilingual 

language experience. Finally, the ACH (Abutalebi & Green, 2016; Calabria et al., 2018; 

Green & Abutalebi, 2013) stipulates, among other things, that continuous and repetitive en-

gagement in dual language contexts leads to greater performance in cognitive tasks and high-

er brain plasticity and connectivity in specific regions in the brain.   

Although MRI data were lacking herein (to fully (dis)confirm and complement the 

current findings), the present electrophysiological results indicate differential functional brain 

adaptations towards increased cognitive demands derived from variations in language experi-

ence. In summary, then, data from the present studies provide novel support, especially where 

these above models overlap in their claims and predictions. 

5.2.3. Overarching Discussion 

In the previous two sub-chapters some of the main theoretical implications encompassing the 

two main topics of this dissertation were reviewed and discussed beyond what was previously 

discussed in the context of each study individually. However, as a matter of completeness, I 

return to the overarching researching questions as presented below:  

 

1) First, what light can heritage bilingualism shed on L3/Ln acquisition and processing 

and how the study of this bilingual subgroup contributes to a better understanding of 

patterns of neurophysiological brain data in multilingualism.  

2) Do patterns of domain-general cognition add new information towards explaining 

multilingual language acquisition, i.e., how bilingual learners approach - mentally 

and cognitively - a new language, and vice versa?  



General Discussion 

 

   

 

161 

3) And third, can effects (both at the acquisition and at the neurocognitive levels) in 

HSs be explained as a function of time spent in the bilingualism mode (AoA) and/or 

other experience variables with dual language engagement, thus as an advantage (or 

not) of early language learning and increased (implicit) language awareness?  

 

Before delving into any possible concrete response to the research questions stated 

above, I would like to remind the reader that the timing of several concurrent events (above 

all the Covid-19 pandemic) did not permit all the data acquisition as originally planned. As a 

consequence, participants in the three showcased studies have been added or (removed later) 

in line with the specific research questions and inclusion criteria for each study as was avail-

able at the time of analyses. For example, some of the HSs included in Studies II and III were 

removed given previous studying of Latin, as this could have impacted Study I but was not 

relevant for the questions in the other studies. This led to (slightly) different pools of subjects 

in the three experiments. Even though generalizations can still be done bridging the data 

within the present studies, it needs to be acknowledged that, for example, possible statistical 

correlations between the factors (between studies) or simply higher-level conceptual correla-

tions have, thus, been avoided. 

The first overarching question probes the role of heritage bilingualism within domains 

of multilingual learning from a brain perspective. In 1.4.2 the available, yet limited, literature 

to date on multilingual language acquisition employing HSs as a test population was re-

viewed. Although some studies have emerged in recent years, to the best of my knowledge, 

Study I is the first one investigating questions of additive multilingual acquisition by means 

of brain data with heritage bilinguals. Even though the findings did not directly contribute to 

adjudicating between the models of L3/Ln acquisition used to frame things, they are still val-

id for other domains and queries (see also 5.2.1). Here, I would like to briefly discuss the 

hypothetical implications of the combination of neurophysiological data in HSs for the field. 

As seen in Study I, timing of L3/Ln acquisition and development are crucial parameters when 

it comes to these types of studies. HSs represent an ideal testing ground to the study of multi-

lingual language acquisition since they have two early-acquired (2L1s) source languages to 

draw from (see 1.3.1). A possible reliable way to increment EEG analysis sensitivity and 

therefore to increase the chances of capturing individual differences would be to perform 

single-trial ERP analysis (see Frömer et al., 2018 for a single-trial linear mixed model ap-

proach and von Grebmer zu Wolfsthurn et al., 2021 for an application in language neurosci-
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ence). This is a relatively new statistical methodology that allows one to move away from the 

more typical approaches (although it requires many more participants and more data points) 

and, thus, to increase sensitivity to neurophysiological signals (language violations in the 

case of Study I). Hopefully, the combination of better performing statistics, combined with 

other directions reported in 2.5 would permit improved expansions in the study multilingual 

language acquisition by means of neurophysiological methods.  

On a similar note, section 1.5.3 presented an overview of the studies on bilingualism 

and the brain where HSs have been specifically tested. Little is known about the contribution 

of this group in particular to the study of neurocognition of bilingualism since, as argued in 

Studies II and III, the majority of the literature so far tends to collapse bilinguals speakers 

into one sample, eliminating by so doing the richness and individual diversity in language 

engagement experience. Given that the linguistic outcomes of HSs attest variability at least 

similar to, if not more pronounced with respect to native speaker monolinguals or adult L2 

bilinguals (e.g., Kupisch & Rothman, 2018; Zyzik, 2016), it is not surprising that effects 

within this dissertation were found that suggest a modulatory role of individual language ex-

periences within HSs (see Bayram et al., 2020). The data, therefore, suggest not only that 

linguistic differences exist within this group, but that they differentially impact the way brain 

networks processes information. Moreover, the findings highlight that bilingual types should 

not always be considered in a collapsed sense, and that even within subtypes all individuals 

are potentially different in the way they engage with the dual language experience. This, in 

turn, results in differential effects as compared to individual group peers. 

The second research question deals with possible implications that domain-general 

cognitive effects might have on multilingual language learning. I had predicted to observe 

patterns of domain-general cognition in the EEG data to correlate with acquisitional findings. 

As explained at the beginning of this subchapter, meaningful statistical correlations between 

the results of the different tasks were not possible (although originally planned so). However, 

this does not mean that some type of linking between the data of the studies cannot be pon-

dered.  

There is plenty of literature (reviewed in section 1.5 and briefly below) showing that 

dual language experience impacts cognition and executive functions due to processes of lan-

guage switching and competition for comprehension and production in the mind/brain (Bi-

alystok, 2015, 2017; Kroll et al., 2014, 2015). Interestingly, much less research exists that 

looks at the issue from the other direction, i.e., if cognitive processes impact language acqui-
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sition ones (but see, e.g., Leivada et al., 2021). This is not trivial, since a theoretically im-

portant issue about language emergence and development is whether processes that foster its 

growth are (also) domain-general. For example, one might expect that memory is essential 

for accruing all forms of knowledge, including language, even if in the case of the latter it 

cannot be the whole story. Studies looking at visual recognition memory relate better (visual) 

memory to better linguistic performances (Fagan et al., 2007; Rose et al., 1991, 2005). Like-

wise, processing speed can also influence language development, by allowing operations to 

be performed more rapidly and by increasing the functional capacity of working memory 

(Reznick et al., 2000; Rose et al., 2002). Moreover, attention and inhibition processes might 

relate to faster or slower acquisition of language, at least the properties that clearly must be 

learned, such as the lexicon. This is the case because of the relationship these mechanisms 

have during actions, such as following other people’ gazes, engagement in joint communica-

tion, tracking of referents in complex linguistic situations and more. Rose et al. (2009) com-

bined all these aspects using a large battery of infant information-processing measures and 

language development and provided evidence that aspects of domain-general cognition were 

predictive of language performance.  

The L3 Mini-Latin data seem to support this general view and show that, especially 

for the HSs, there might be an effect of attentional novelty/tuning matching at initial stages of 

language learning. Although no statistical correlation could be performed, this might hint 

towards possible effects of domain-general cognition into language acquisition.  

Finally, the third research question asks if AoA of bilingualism might be a determinis-

tic effect when it comes to both language learning and neurocognitive effects in bilingualism. 

AoA of the 2L1/L2 was predicted to play an important role within the study populations, giv-

en the obvious differences within this factor in the two bilingual groups. For example, grow-

ing evidence exists that shows how age of L2 onset is linked with language processing in 

several domains of grammar (e.g., Frenck-Mestre et al., 2005 in phonology; Mahendra et al., 

2003 for syntax; Mahendra et al., 2003 and Perani et al., 2003 for lexical access). Similarly, 

Bloch et al. (2009) found differential individual activations in both Broca's and Wernicke's 

areas associated with AoA in a narration task. Other fMRI studies report that late bilingual 

exposure is associated with broader left inferior frontal gyrus (IFG), and bilateral IFG neural 

recruitment (Wartenburger et al., 2003). Taken together, these studies highlight that AoA of 

bilingualism has impactful effects on the functional organization of language systems in bi-

lingual brains.  
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Likewise, structural, functional and positron emission tomography (PET) changes 

have also been reported when it comes to neurocognitive adaptations due to dual language 

use in relation to L2 AoA (Mechelli et al., 2004; Perani et al., 1998; Wei et al., 2015). Gullif-

er et al. (2018) performed a brain connectivity resting state MRI study with highly proficient 

French-English bilinguals and found that early L2 AoA relates to greater frontal interhe-

mispheric functional connectivity. Furthermore, they also found that greater diversity of lan-

guage use was related to greater subcortical connectivity. These findings showcase the im-

portant role AoA of bilingualism plays in modulating brain adaptations due to the dual 

language experience.  

Similar to the MRI results reported above, data from Studies II and III show that, 

among other things, L2 onset modulates patterns of brain oscillatory activity both at rest 

(power and functional connectivity) and during the engagement with an inhibition task (pow-

er). In Study I it was observed that a possible explanation for the N200/N400 found in the 

HSs might be an effect of “heritage speakerness”, or, in other words, that the longer experi-

ence with bilingualism in the mind/brain may lead to higher levels of attention and tuning to 

new grammatical learning, especially paying attention to novel morphological patterns. As 

discussed in the overarching research question (2), there are many reasons to believe that 

patterns of domain-general cognition facilitate new language learning, i.e., by setting brain 

(networks) in the right conditions to approach a cognitively challenging task as acquiring a 

new language. And so, following from the results combined from the three studies, I argue 

that early bilingualism might show advantages with respect to late bilingualism in language 

learning through processes strictly related to domain-general cognition and executive func-

tions, such as attention and inhibition. This is, of course, something that future research 

should further develop, with the implementations in study designs within the same bilin-

gual/multilingual populations of tasks tapping at both language learning and different execu-

tive function processes. 

5.3. Practical Implications 

First and foremost, as in any other small-case studies, results need to be taken cautiously in 

terms of generalizations that can be applied to other populations and especially when formu-

lating concrete recommendations for stakeholders (i.e., teachers, schools and policymakers). 
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Nonetheless, these data might suggest several trends that could be interesting from a practical 

standpoint. 

 Findings from Study I suggest that early bilinguals’ engagement in the initial stages 

of learning another language show (brain-related processing) signs of some type of linguisti-

cally mediated bootstrapping effect. In other words, even though both groups did not exhibit 

any characteristic of transfer into the newly acquired language for Case, only the heritage 

bilinguals seem to be capturing and reacting to something in the linguistic signal/structure 

they are exposed to with such limited exposure. I argued that this might be a consequence of 

the fact that they grew up and adapted to juggle different linguistic systems in their 

mind/brain from very early in their lives, resulting in a system that is more attuned to patterns 

of (ir)regularity in linguistic input. Although this does not necessarily signify that HSs, with 

respect to L2 learners, are better language learners, it could denote a heightened abil-

ity/sensitivity for certain domains of grammar when it comes to being confronted with new 

linguistic input. When transposed to the classroom realities (especially in Germany, the sys-

tem I’m most familiar with), this should be of absolute interest. Even though (socio)linguists 

and others have been advocating for a long time that heritage languages need to be nurtured 

(Brinton et al., 2017; Cummins, 1983; Kagan et al., 2017), the reality is often another. In fact, 

it is still consistently reported in the literature that HLs are discriminated and that they are 

(strongly) suggested not to be spoken at home, in order to facilitate the “full acquisition” of 

the societal majority language (some examples in the German society can be found in Krifka 

et al., 2014). The present study sends a positive message to all stakeholders involved (bilin-

gual children, parents, teachers, schools and more) and suggests that (positive) effects of ear-

ly bilingualism can be seen in later language learning contexts as well as indices of domain-

general cognition. Because degree of dual language engagement matters over and especially 

when combined with early age, sufficient opportunities for engagement with the HL, being 

those at home or in school contexts (Carrera & Kagan, 2018; Kagan et al., 2017; Krifka et al., 

2014), should be highly encouraged and promoted. 

 Studies II and III posit that the mental effort of juggling more than one language in 

the same mind/brain has rebounding effects on neural processing, function and connectivity. 

Therefore, it can be concluded that brain adaptations correlated to bi- and multilingual lan-

guage use and engagement can be observed already from young ages (early adulthood). A 

considerable amount of work has shown that a lifelong access to bilingualism might lead to 

protective effects against healthy cognitive aging, dementia and other forms of degenerative 
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disorders (Anderson et al., 2020; Gallo et al., 2022; Perani & Abutalebi, 2015; Perani et al., 

2017; Voits et al., 2020). Although this was not the primary goal, Studies II-III within this 

dissertation highlight that (positive) brain adaptive effects start early in life. Furthermore, I 

also argue that, in particular, age of onset of bilingualism (but also other variables, such as 

language use) could be a critical factor when it comes to the aforementioned brain adapta-

tions. This, in turn, can (and should) be highly relevant for various stakeholders and policy-

makers. It does not only mean that learning a second language (or more) might confer partic-

ular benefits later in life, but that possibly the earlier the better for most of these effects. 

Protecting HLs and promoting foreign language teaching in general should be a prerogative 

of everyone, starting with parents and teachers and ending with governmental and political 

decision-making institutions. 
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6. Conclusion 

 

I have started the introduction of this thesis with the following question, typically asked in 

work of this kind and definitively non-trivial: “What does it mean to be bilingual or multilin-

gual?”. Of course, no single study or cohort can answer such a broad question, although it is 

fair to suppose that each (study) adds something that makes answering this question more 

manageable and precise. Do I have a better answer now? Probably not, although this is not 

terribly surprising. Of course, answering this question was also not the primary goal of this 

dissertation anyway. However, insofar as the studies that comprise this dissertation have of-

fered some insights and food for thought as our research programs continue, it is reasonable 

to say that this thesis contributes to the eventual better answering of this broad question. 

Above all, the empirical work provided within this PhD thesis further highlights the complex-

ities and dynamicity of multilingualism.  

The results from Studies I, II and III showcased how differential bilingual language 

experience factors modulate subsequent language learning/processing and/or neural pro-

cessing and functioning both at rest and during the engagement of an executive functions 

task. More than anything else, age of onset of bilingualism, and therefore the timing in life 

when a person first approaches the acquisition of an additional language, as well as how one 

engages with language usage when one has more than one system, appear to be particularly 

decisive factors when it comes to linguistic and neurocognitive adaptations in bilingual (and 

multilingual) speakers. This alone highlights that there cannot be a one size fits all answer to 

what it means to be bilingual or multilingual, since everyone in the studies herein is a type of 

bi-/multilingual, yet conditions that differentiate them by age and experience have determin-

istic effects.  

 Despite several limitations and future directions that have been outlined throughout 

this thesis, there is one more aspect that I have not touched upon yet, which is the issue of a 

tool that specifically taps at the multilingual reality (and possibly also heritage bilingualism). 

As reviewed in many chapters here, bilingualism (intended as the ability to govern two lan-

guages) and multilingualism (the same abilities with more than two languages) need to be 

treated as different entities (Rothman et al., 2019). If this is true, I hope and I would expect 

the emergence of more standardized questionnaire(s) in the next years that are specifically 
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suited for multilingual populations. This would allow the fields within the studies of bilin-

gualism, and especially multilingualism, to further grow and develop and researchers to bet-

ter and more precisely capture the whole experience and complex dynamics that (bi-) multi-

lingualism entail. Such a tool would have been particularly welcomed within my studies. 

 I hope that the findings of this thesis may contribute to the bigger picture of additive 

multilingual acquisition/processing. It is also my hope that we are now a step closer to under-

standing how bilingualism and multilingualism operate within human (neuro)cognition. 
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7. Zusammenfassung  

 

Diese Dissertation verbindet zwei Teilbereiche der Mehrsprachigkeitsforschung: Sprachver-

arbeitung bei mehrsprachigen Sprechern*innen und Neurokognition. Im Mittelpunkt stehen 

italienische Muttersprachler*innen, die in Deutschland aufgewachsen sind (Herkunftsspre-

cher*innen des Italienischen), und Sprecher*innen, die mit Deutsch als einziger Erstsprache 

aufgewachsen sind. Die Experimente in dieser Arbeit fokussieren das frühestmögliche Ent-

wicklungsstadium in der Morphosyntax beim Erwerb einer dritten Sprache (L3/Ln), insbe-

sondere den Transfer aus zuvor erworbenen Sprachen. Ferner wird mit Hilfe von verhaltens- 

und neurophysiologischen Methoden die Fähigkeit des Gehirns untersucht, eine der verwen-

deten Sprachen zu unterdrücken. 

Ein Ziel der Arbeit ist es, systematische Transfermuster in mehrsprachigen Gramma-

tiken mit Hilfe von neurolinguistischen Online-Methoden zu untersuchen (z.B. González 

Alonso et al., 2020; Rothman et al., 2019). Ein weiteres Ziel dieser Arbeit ist es, den Sprach-

erwerb bzw. die Sprachverarbeitung und die (kognitiven) Prozesse im Gehirn mehrsprachiger 

Teilnehmer*innen zu untersuchen. Zu diesem Zweck wurden die Daten ähnlicher Personen-

gruppen zu Sprachverarbeitung sowie die potenziellen Auswirkungen doppelter (oder mehr-

facher) Spracherfahrungen auf die allgemeine kognitive/neuronale Leistungsfähigkeit unter-

sucht. Diese Dissertation ist insofern innovativ, als sie neuronale Funktionen und Prozesse 

bei mehrsprachigen Sprechern*innen erforscht. Darüber hinaus werden Erkenntnisse über die 

in der neurolinguistischen Forschung bisher kaum untersuchte Population der Herkunftsspre-

cher*innen (HS) gewonnen. HS sind aus theoretischer Sicht von besonderem Interesse, da sie 

auf zwei früherworbene Sprachsysteme zurückgreifen können und deshalb, im Vergleich zu 

den bisher primär untersuchten L2-Lernern*innen, über mehr Erfahrungen mit dem Jonglie-

ren mehrerer Sprachen verfügen. Ferner machen sie einen wachsenden Anteil der mehrspra-

chigen Sprachlernenden*innen weltweit aus. Aus diesem Grund dürfte das weitere Verständ-

nis ihrer Spracherwerbs- und Sprachverarbeitungsmuster sowie die neuronalen 

Auswirkungen der Mehrsprachigkeit für pädagogische Perspektiven relevant und aufschluss-

reich sein. 

Die Arbeit umfasst drei empirische Studien. Studie I untersucht die frühestmögli-

chen Phasen des Drittspracherwerbs (L3). Die Theorien im Bereich L3/Ln unterscheiden sich 
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hinsichtlich des Ausmaßes des Transfers (ganzheitlich versus eigenschaftsbezogen - aus der 

L1, L2 oder aus beiden Sprachen) und/oder des Zeitpunkts (Anfangsstadium versus Entwick-

lung) des Spracherwerbs (siehe Rothman et al., 2019). Diese Dissertation schließt mehrere 

Forschungslücken zugleich, indem sie neurolinguistische Methoden (Elektroenzephalo-

gramm/Ereigniskorrelierte Potentiale – EEG/EKP) an der Schnittstelle von herkunftsbeding-

ter Mehrsprachigkeit und L3/Ln-Erwerb einsetzt. Es wird erwartet, dass die Erweiterung der 

L3/Ln-Literatur durch die Untersuchung der neuronalen Prozesse (z.B. EKP: N400 und 

P600) in einem kontrollierten L3/Ln-Erwerbskontext mit HS (im Vergleich zu L2-

Lernern*innen) neue Erkenntnisse sowohl für den L3/Ln-Erwerb als auch für die Herkunfts-

sprache liefern kann. In einem kontrollierten Lernparadigma zum Erwerb einer lateinischen 

Minigrammatik wurden fünfzehn italienisch-deutsche HS mit 28 gleichaltrigen L2-

Lernern*innen des Deutschen verglichen. Den Teilnehmer*innen wurden in zwei Sitzungen 

mit dazwischen liegender Konsolidierungszeit lateinische Wörter beigebracht und anschlie-

ßend spezifische grammatische Strukturen. Dazu gehören der Kasus, der im Deutschen und 

im Lateinischen ähnlich strukturiert ist (aber im Italienischen nicht vorhanden ist), und die 

Adjektivstellung, welche im Italienischen und im Lateinischen meist postnominal ist (aber im 

Deutschen pränominal realisiert wird). Nachdem die Teilnehmer*innen die grammatischen 

Regeln der lateinischen Minisprache gelernt hatten, wurden sie mittels EEG/EKP getestet, 

um zu überprüfen, wie die neu erworbenen grammatischen Regeln sich in der Sprachverar-

beitung widerspiegeln. Die Ausgangssprachen sollen die Qualität der zugrunde liegenden 

morphosyntaktischen Repräsentationen (d.h. (N400)-P600-Effekte bei Verstößen) zeigen. 

Dabei wurde darauf geachtet, ob die vorhandenen Grammatiken einen Einfluss auf das Ver-

halten zeigen oder nicht. Die EKP-Ergebnisse sollen Aufschluss darüber geben, (i) ob es ei-

nen Einfluss gibt und, falls ja, (ii) wie viele und welche der bereits vorhandenen Grammati-

ken die frühe L3-Verarbeitung beeinflusst haben. Die Ergebnisse der Verhaltensdaten zeigen, 

dass die L2-deutsche Gruppe in beiden grammatikalischen Bereichen (Kasus und Adjek-

tiv/Nomen-Wortstellung) genauer, aber gleichzeitig signifikant langsamer als die HS antwor-

teten. Die neurophysiologischen Befunde zeigen einen P600-Effekt für die L2-deutsche 

Gruppe bei der Adjektivstellung und einen signifikanten N200/N400-Effekt für die HS bei 

der Kasusmorphologie. Der P600-Effekt der L2-deutschen Gruppe, bei dem ein Sprachtrans-

fer ausgeschlossen ist, spricht daher für (schnelles) Lernen (oder Gewöhnung an die neu er-

worbene Wortstellung) in einem solchen Ausmaß, dass der Unterschied zwischen den beiden 

Bedingungen (Baseline-ERP versus Adjektivpositionsverletzung-ERP) eine Art Reparatur-
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strategie induziert hat. Im Fall der HS könnte die frühe Negativität (N200/N400) auf eine 

größere Sensibilität für die Anpassung von Strukturmustern als bei der L2-Gruppe hinweisen. 

Dies erfolgt, obwohl beide Gruppen die Ausgangssprache (Deutsch), welche die zugrunde-

liegenden Merkmale für den Kasus liefern (wenn auch anders als im Lateinischen), gleicher-

maßen beherrschen. Alternativ könnte dies auch auf Sprachlernmuster zurückzuführen sein. 

Keines der L3/Ln-Modelle hätte diese Ergebnisse vorhergesagt. Dies deutet darauf hin, dass 

die frühe Mehrsprachigkeit der HS das (implizite) Sprachbewusstsein und/oder die Verarbei-

tung der neu erworbenen grammatikalischen Muster positiv beeinflussen könnte. Letztere 

Ergebnisse könnten eine neurologische Messgröße darstellen, die einen Vorteil des Erwer-

bens einer weiteren Sprache zu einem früheren Zeitpunkt für HS im Vergleich zu L2-

Lerner*innen zeigt (Cenoz, 2003).  

Studie II befasst sich mit den neurokognitiven Auswirkungen mehrerer Sprachen im 

Gehirn mittels einer Ruhezustands-EEG-Analyse (rs-EEG). Die rs-EEG-Leistungsaktivität 

(Leistungsmenge innerhalb verschiedener Frequenzbänder - Delta, Theta, Alpha, niedri-

ges/hohes Beta und Gamma - des EEG-Spektrogramms) steht mit verschiedenen kognitiven 

Funktionen im Zusammenhang und kann die neurologische Konnektivität (mittlere Kohä-

renz) zwischen Gehirnregionen abschätzen. Als solches hat rs-EEG sich in den letzten Jahren 

als ergänzende bildgebendes Verfahren etabliert, um die Auswirkungen von Spracherfahrun-

gen (z.B. Mehrsprachigkeit, Sprachenlernen) auf das Gehirn zu untersuchen (Bice et al., 

2020; Prat et al., 2016). In Studie II wurde das rs-EEG verwendet, um zu verstehen, wie sich 

Mehrsprachigkeit auf das Gehirn auswirkt. Im Fokus der Untersuchung stehen mehrsprachige 

Sprecher*innen, die sich in ihrem individuellen Sprachhintergrund unterscheiden (HS versus 

L2-Lerner*innen). Es wird angenommen, dass Unterschiede in der Anwendung des dualen 

Sprachgebrauchs individuelle Effekte mit sich bringen. Es wurden jeweils fünfminütige 

EEG-Daten von 103 Teilnehmer*innen (25 HS - Italienisch als Herkunftssprache und 

Deutsch als Mehrheitssprache - und 78 Deutsche und Norwegische, späte L2-Sprecher*innen 

des Englischen) mit geschlossenen Augen aufgezeichnet. Alle Teilnehmer*innen füllten ei-

nen Fragebogen zum sprachlichen und sozialen Hintergrund (Language and Social Back-

ground Questionnaire, LSBQ; Anderson et al., 2018) aus, der die Spracherfahrung und den 

Sprachgebrauch im bisherigen Leben der Teilnehmer*innen quantifiziert. Es wurde ange-

nommen, dass positive Korrelationen zwischen den sprachlichen Variablen (Grad der aktiven 

Zweisprachigkeit) und den Frequenzbändern (insbesondere Alpha- und Beta-Aktivität), vor 

allem in den hinteren Hirnregionen, angezeigt werden. Darüber hinaus wurde erwartet, dass 
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die beobachteten Werte der mittleren Kohärenz hinsichtlich des Grades der multilingualen 

Spracherfahrung variieren würden. In Bezug auf die Leistungsfrequenz zeigte sich ein 

Haupteffekt für den Beginn des L2/2L1-Erwerbs auf hohe Beta- und Gamma-Aktivitäten 

(z.B. führte ein früh beginnender Erwerb zu höheren Beta- und Gamma-Frequenzen). Höhere 

Verwendung (basierend auf den LSBQ Werten) der zu Hause nicht verwendeten Sprache 

(z.B. Deutsch für die HS), das Alter des Beginns der Mehrsprachigkeit und die L2/2L1-

Fertigkeit steuerten die mittleren Kohärenzeffekte (funktionelle Hirnkonnektivität) in den 

Theta-, Alpha- und Gamma-Frequenzen. Die Ergebnisse stehen im Einklang mit der Behaup-

tung, dass die Auswirkungen der Mehrsprachigkeit nicht monolithisch sind, sondern vielmehr 

durch die Quantität und Qualität der Spracherfahrung gesteuert werden. 

Studie III untersucht die Auswirkungen der Mehrsprachigkeit auf die neuronalen 

Grundlagen der exekutiven Funktionen (EF). Studien unter Verwendung von Zeit-Frequenz-

Darstellung (ZFD) haben gezeigt, dass EF-Aufgaben (z.B. Flanker-Test) die Leistung inner-

halb der Theta- und Alpha-Frequenzbänder modulieren. Diese Leistungsmodulationen wur-

den mit einem größeren Einsatz des exekutiven Kontrollsystems in Verbindung gebracht 

(Cavanagh & Frank, 2014; Suzuki et al., 2018). Es wurde die Gehirnaktivität von Probanden 

während eines Flanker-Tests untersucht, um herauszufinden, wie individuelle Unterschiede in 

der Spracherfahrung neurokognitive Prozesse steuern könnten (insbesondere oszillatorische 

Dynamiken). Zu diesem Zweck wurden EEG- und Verhaltensdaten von 60 Mehrsprachigen 

(28 HS; 32 L2-Lernende) erhoben. Dabei füllten die Teilnehmer*innen einen Fragebogen zur 

Sprachbiographie und sozialem Hintergrund aus (LSBQ) (Anderson et al., 2018) aus. Die 

ZFD wurde sowohl für die inkongruenten als auch für die kongruenten Konditionen (der 

Flanker-Test) berechnet. Der Unterschied zwischen den beiden Konditionen (als Flankeref-

fekt oder kognitive Interferenz bezeichnet) wurde anschließend 1) zwischen den HS und den 

mehrsprachigen L2-Lernern*innen verglichen, 2) als Funktion individueller Unterschiede in 

der Spracherfahrung modelliert und 3) als Voraussage für die Verhaltensleistung verwendet. 

Auf Gruppenebene wurde für HS im Vergleich zu L2-Lernern*innen eine stärkere Gehirnak-

tivierung vorhergesagt, insbesondere eine erhöhte Theta-Aktivierung gefolgt von einer Al-

pha-Unterdrückung für den Flanker-Effekt. Außerdem wurde erwartet, dass der Grad der 

aktiven Mehrprachigkeit Veränderungen in den Alpha- und Beta-Bändern für beide Spre-

chergruppen bewirkt sowie Korrelationen zwischen Reaktionszeiten (RT) und Leistungsmo-

dulation innerhalb der Alpha- und Theta-Bänder beobachtet werden können. Es wurden keine 

signifikanten Unterschiede zwischen den Gruppen festgestellt, weder bei den Verhaltenswei-
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sen noch bei den neuronalen Reaktionen. Die Analyse individueller Unterschiede ergab je-

doch signifikante Korrelationen zwischen dem Alter der Proband*innen, ihrem Erwerbsalter 

und der Verwendung der L2 zu Hause für die Alpha- und Beta-Band-Aktivität der L2-

Lerner*innen. Zeitgleich konnten für die HS nur Alterseffekte beobachten werden. Außer-

dem zeigte sich eine negative Korrelation der Alpha-Leistung mit den RT für die HS, wäh-

rend die L2-Lerner*innen eine positive Korrelation aufwiesen. Zusammenfassend deuten die 

Ergebnisse auf unterschiedliche Nutzungsanpassungen des Gehirns als Folge kognitiver An-

forderungen, die im Zusammenhang mit den Spracherfahrungen stehen. 

Zusammenfassend liefern die Ergebnisse aller drei Studien Erkenntnisse über allge-

meine Muster im Zusammenhang mit Mehrsprachigkeit. Im Hinblick auf die theoretischen 

Modelle im Bereich des L3/Ln-Erwerbs ergibt Studie I jedoch kein klares Bild. Inbesondere 

die Effekte der HS im Bereich der Kasusmorphologie könnten auf unterschiedliche Grade des 

Sprachbewusstseins während des Experiments im Sinne einer längeren (im Vergleich zur L2-

deutschen Gruppe) und/oder intensiveren Spracherfahrung hinweisen. In ähnlicher Weise 

scheinen die Ergebnisse der Studien II und III aktuelle Annahmen zu stützen, wonach neuro-

nale Anpassungen durch individuelle Spracherfahrungen modelliert werden. Insbesondere 

das Alter des Beginns der Mehrsprachigkeit der Proband*innen und, in geringerem Maße, die 

Dauer der Mehrsprachigkeit (gemessen in Jahren) scheinen die oszillatorischen Messungen 

der Leistung (im Ruhezustand und aufgabenbezogen) und der Konnektivität (im Ruhezu-

stand) zu beeinflussen. Diese Ergebnisse unterstreichen nicht nur die Bedeutung der kontinu-

ierlichen Mehrsprachigkeit, sondern auch die Rolle des Alters bei Erwerbsbeginn mit Hin-

blick auf neuronale, modulatorische Effekte. 

 

 

 

 

 

 

 

 

 



Zusammenfassung 

 

   

 

174 

 

 



Bibliography 

 

   

 

175 

8. Bibliography 

 

Aalberse, S., Backus, A., & Muysken, P. (2019). Heritage languages: A language contact 

approach. John Benjamins Publishing. 

Abrahamsson, N., & Hyltenstam, K. (2009). Age of onset and nativelikeness in a second lan-

guage: Listener perception versus linguistic scrutiny. Language Learning, 59(2), 249–

306. https://doi.org/10.1111/j.1467-9922.2009.00507.x 

Abutalebi, J., & Green, D. (2007). Bilingual language production: The neurocognition of 

language representation and control. Journal of Neurolinguistics, 20(3), 242-275. 

Abutalebi, J., & Green, D. W. (2008). Control mechanisms in bilingual language production: 

Neural evidence from language switching studies. Language and Cognitive Process-

es, 23(4), 557-582. 

Abutalebi, J., Annoni, J.-M., Zimine, I., Pegna, A. J., Seghier, M. L., Lee-Jahnke, H., Lazey-

ras, F., Cappa, S. F., & Khateb, A. (2008). Language control and lexical competition 

in bilinguals: An event-related fMRI study. Cerebral Cortex, 18(7), 1496–1505.  

Abutalebi, J., Della Rosa, P. A., Ding, G., Weekes, B., Costa, A., & Green, D. W. (2013). 

Language proficiency modulates the engagement of cognitive control areas in multi-

linguals. Cortex, 49(3), 905-911. 

Abutalebi, J., Canini, M., Della Rosa, P. A., Sheung, L. P., Green, D. W., & Weekes, B. S. 

(2014). Bilingualism protects anterior temporal lobe integrity in aging. Neurobiology 

of Aging, 35(9), 2126-2133. 

Abutalebi, J., Guidi, L., Borsa, V., Canini, M., Della Rosa, P. A., Parris, B. A., & Weekes, B. 

S. (2015). Bilingualism provides a neural reserve for aging populations. Neuropsycho-

logia, 69, 201–210.  

Abutalebi, J., & Green, D. W. (2016). Neuroimaging of language control in bilinguals: neural 

adaptation and reserve. Bilingualism: Language and Cognition, 19(4), 689-698. 

Adams, J. N. (1976). A typological approach to Latin word order. Indogermanische For-

schungen, 81, 70-99. 

Adjamian, P. (2014). The application of electro-and magneto-encephalography in tinnitus 

research–methods and interpretations. Frontiers in Neurology, 5, 228. 

Ahani, A., Wahbeh, H., Miller, M., Nezamfar, H., Erdogmus, D., & Oken, B. (2013). Change 

in physiological signals during mindfulness meditation. In 2013 6th International 

IEEE/EMBS Conference on Neural Engineering (NER), 1378-1381. IEEE. 

Ajiboye, A. B., & Kirsch, R. F. (2018). Invasive brain–computer interfaces for functional 

restoration. In E. S. Krames, P. H. Peckham, & A. R. Rezai (Eds.), Neuromodulation, 

379-391. Academic Press. 

Alemán Bañón, J., Fiorentino, R., & Gabriele, A. (2012). The processing of number and gen-

der agreement in Spanish: An event-related potential investigation of the effects of 

structural distance. Brain Research, 1456, 49-63. 



Bibliography 

 

   

 

176 

Alemán Bañón, J., & Rothman, J. (2016). The role of morphological markedness in the pro-

cessing of number and gender agreement in Spanish: An event-related potential inves-

tigation. Language, Cognition and Neuroscience, 31(10), 1273–1298.  

Alemán Bañón, J., Miller, D., & Rothman, J. (2017). Morphological variability in second 

language learners: An examination of electrophysiological and production data. Jour-

nal of Experimental Psychology: Learning, Memory, and Cognition, 43(10), 1509-

1536. 

Alemán Bañón, J., Fiorentino, R., & Gabriele, A. (2018). Using event-related potentials to 

track morphosyntactic development in second language learners: The processing of 

number and gender agreement in Spanish. PloS One, 13(7), e0200791. 

Alderson, J. C. (2005). Diagnosing foreign language proficiency: The interface between 

learning and assessment. Bloomsbury Academic. 

Ambrosini, E., & Vallesi, A. (2016). Asymmetry in prefrontal resting-state EEG spectral 

power underlies individual differences in phasic and sustained cognitive control. Neu-

roimage, 124, 843–857.  

Anderson, A. J., & Perone, S. (2018). Developmental change in the resting state electroen-

cephalogram: Insights into cognition and the brain. Brain and Cognition, 126, 40-52. 

Anderson, J. A., Chung-Fat-Yim, A., Bellana, B., Luk, G., & Bialystok, E. (2018a). Lan-

guage and cognitive control networks in bilinguals and monolinguals.  

Neuropsychologia, 117, 352-363. 

Anderson, J. A., Mak, L., Chahi, A. K., & Bialystok, E. (2018b). The language and social 

background questionnaire: Assessing degree of bilingualism in a diverse population. 

Behavior Research Methods, 50(1), 250–263. 

Anderson, J. A., Hawrylewicz, K., & Grundy, J. G. (2020). Does bilingualism protect against 

dementia? A meta-analysis. Psychonomic Bulletin & Review, 27(5), 952-965. 

Angelovska, T. (2017). Evidence from spoken and written data by L1 Russian speakers. In 

Angelovska, T., & Hahn, A (Eds.), L3 Syntactic Transfer: Models, New Develop-

ments and Implications, 5, 195-222. John Benjamins Publishing. 

Ansaldo, A. I., Marcotte, K., Scherer, L., & Raboyeau, G. (2008). Language therapy and bi-

lingual aphasia: Clinical implications of psycholinguistic and neuroimaging research. 

Journal of Neurolinguistics, 21(6), 539–557.  

Ansari, D. (2012). Culture and education: new frontiers in brain plasticity. Trends in Cogni-

tive Sciences, 16(2), 93-95. 

Acquaviva, P. (2009). The structure of the Italian declension system. In F. Montermini, G. 

Boyé, & J. Tseng (Eds.), Selected Proceedings of the 6th Décembrettes, 50-62. Mor-

phology in Bordeaux. 

Aronin, L., & Singleton, D. (2008). Multilingualism as a new linguistic dispensation. Interna-

tional Journal of Multilingualism, 5(1), 1-16. 

Arredondo, M. M., Hu, X. S., Seifert, E., Satterfield, T., & Kovelman, I. (2018). Bilingual 

exposure enhances left IFG specialization for language in children. Bilingualism: 

Language and Cognition, 22(4), 783-801. 



Bibliography 

 

   

 

177 

Babiloni, C., Marzano, N., Iacoboni, M., Infarinato, F., Aschieri, P., Buffo, P., Cibelli, G., 

Soricelli, A., Eusebi, F., & Del Percio, C. (2010). Resting state cortical rhythms in 

athletes: A high-resolution EEG study. Brain Research Bulletin, 81(1), 149–156.  

Bagherzadeh, Y., Baldauf, D., Pantazis, D., & Desimone, R. (2020). Alpha synchrony and the 

neurofeedback control of spatial attention. Neuron, 105(3), 577-587. 

Bak, T. H. (2016). The impact of bilingualism on cognitive ageing and dementia: Finding a 

path through a forest of confounding variables. Linguistic Approaches to Bilingual-

ism, 6(1–2), 205–226.  

Baker, C. (2011). Foundations of bilingual education and bilingualism. Multilingual matters. 

Barac, R., Moreno, S., & Bialystok, E. (2016). Behavioral and electrophysiological differ-

ences in executive control between monolingual and bilingual children. Child Devel-

opment, 87(4), 1277-1290. 

Barakos, E. (2012). Language policy and planning in urban professional settings: Bilingual-

ism in Cardiff businesses. Current Issues in Language Planning, 13(3), 167-186. 

Bardel, C., & Falk, Y. (2007). The role of the second language in third language acquisition: 

The case of Germanic syntax. Second Language Research, 23(4), 459-484. 

Bardel, C., & Falk, Y. (2012). Behind the L2 status factor: A neurolinguistic framework for 

L3 research. In J. Cabrelli Amaro, S. Flynn, & J. Rothman (Eds.), Third Language 

Acquisition in Adulthood, 61-78. John Benjamins Publishing. 

Bardel, C., & Sánchez, L. (2017). The L2 status factor hypothesis revisited. In T. Ange-

lovska, & A. Hahn (Eds.), L3 Syntactic Transfer: Models, New Developments and 

Implications, 3, 85-101. John Benjamins Publishing. 

Bardovi-Harlig, K., & Stringer, D. (2010). Variables in second language attrition: Advancing 

the state of the art. Studies in Second Language Acquisition, 32(1), 1-45. 

Basharpoor, S., Heidari, F., & Molavi, P. (2019). EEG coherence in theta, alpha, and beta 

bands in frontal regions and executive functions. Applied Neuropsychology: Adult, 1–

8.  

Bassetti, B., & Cook, V. (2011). Relating language and cognition: The second language user. 

In V. Cook, & B. Bassetti (Eds.), Language and Bilingual Cognition, 157-204. Psy-

chology Press. 

Bastiaansen, M., & Hagoort, P. (2006). Oscillatory neuronal dynamics during language com-

prehension. Progress in Brain Research, 159, 179–196. 

Bastiaansen, M., Mazaheri, A., & Jensen, O. (2011). Beyond ERPs: Oscillatory Neuronal. In 

S. J. Luck, & E. S. Kappenman (Eds.), The Oxford Handbook of Event-Related Poten-

tial Components, 31–50. Oxford library of Psychology. 

Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects models 

using lme4. Journal of Statistical Software, 67(1), 1–48. 

Batterink, L., & Neville, H. (2013). Implicit and explicit second language training recruit 

common neural mechanisms for syntactic processing. Journal of Cognitive Neurosci-

ence, 25(6), 936-951. 

Batterink, L., & Neville, H. J. (2014). ERPs recorded during early second language exposure 

predict syntactic learning. Journal of Cognitive Neuroscience, 26(9), 2005-2020. 



Bibliography 

 

   

 

178 

Baum, S., & Titone, D. (2014). Moving toward a neuroplasticity view of bilingualism, execu-

tive control, and aging. Applied Psycholinguistics, 35(5), 857-894. 

Bayram, F., Rothman, J., Iverson, M., Kupisch, T., Miller, D., Puig-Mayenco, E., & 

Westergaard, M. (2017). Differences in use without deficiencies in competence: pas-

sives in the Turkish and German of Turkish heritage speakers in Germany. Interna-

tional Journal of Bilingual Education and Bilingualism, 22(8), 919-939. 

Bayram, F., Pascual y Cabo, D., & Rothman, J. (2019). Intra-Generational Attrition. In M. S. 

Schmid, & B. Köpke (Eds.), The Oxford Handbook of Language Attrition, 85-101. 

Oxford University Press. 

Bayram, F., Rothman, J., Di Pisa, G., & Slabakova, R. (2020). Current trends and emerging 

methodologies in charting heritage language bilingual grammars. In M. Polinsky, & 

S. Montrul (Eds.), The Oxford Handbook of Heritage Languages. Oxford University 

Press. 

Bayram, F., Kubota, M., Luque, A., Pascual y Cabo, D., & Rothman, J. (2021). You Can’t 

Fix What Is Not Broken: Contextualizing the Imbalance of Perceptions About Herit-

age Language Bilingualism. Frontiers in Education, 6. 

Beatty-Martínez, A. L., Navarro-Torres, C. A., Dussias, P. E., Bajo, M. T., Guzzardo Ta-

margo, R. E., & Kroll, J. F. (2020). Interactional context mediates the consequences 

of bilingualism for language and cognition. Journal of Experimental Psychology: 

Learning, Memory, and Cognition, 46(6), 1022–1047. 

Benasich, A. A., Gou, Z., Choudhury, N., & Harris, K. D. (2008). Early cognitive and lan-

guage skills are linked to resting frontal gamma power across the first 3 years. Behav-

ioural Brain Research, 195(2), 215–222. https://doi.org/10.1016/j. bbr.2008.08.049  

Benmamoun, E., Montrul, S., & Polinsky, M. (2013). Heritage languages and their speakers: 

Opportunities and challenges for linguistics. Theoretical Linguistics, 39(3-4), 129-

181. 
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Appendix A - Contribution of the Authors  

Table A.1 Contributions of the different authors to each study.  

 
Notes: The table reflects the author contributions to the papers as they are presented herein, which may differ 

from the publications. The order of mention reflects the size of the contribution.  
Abbreviations: SMPS = Sergio Miguel Pereira Soares, JR = Jason Rothman, TK = Tanja Kupisch, MK = Maki 

Kubota, ER = Eleonora Rossi, YP = Yanina Prystauka, VD = Vincent DeLuca  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study   
Conception & 

Design 
Data Collection Data Analysis Writing 

      

I Pereira Soares, Rothman 

& Kupisch 

SMPS, TK, JR SMPS SMPS SMPS, JR, TK 

      

II Pereira Soares, Kubota, 

Rossi & Rothman 

SMPS SMPS, MK SMPS, ER SMPS, ER, JR 

      

III Pereira Soares, Prystauka, 

DeLuca & Rothman 

SMPS SMPS SMPS, YP, 

VD 

SMPS, YP, VD, 

JR 
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Appendix B – Background Questionnaire (German Version) 

 

Fragebogen zur Sprachhistorie  

1. Allgemeine Informationen 

1.1 Name: _________________________ 1.2 Geburtsdatum: ______________(TT/MM/JJ)  

1.3 Geschlecht: F [   ]     M [   ]   D [   ]  Keine Angabe [   ] 

1.4 Geburtsland: _____________ 1.5 Ort: _______________ 1.6 Region: _______________ 

    1.7 Falls nicht in Deutschland, wann sind Sie nach Deutschland gezogen? ___________ (Jahr) 

1.8 Beruf/Studentenstatus: ____________________________  

    1.9 Falls Student, Fach und Anzahl der Fachsemester: ____________________________________  

1.10 Höchster Bildungsabschluss der Eltern: 

 Keiner Hauptschule Realschule Gymnasium BA MA PhD 

Mutter        

Vater        

1.11 Wie viele Geschwister haben Sie:      Jüngere ______    Ältere ______ 

 

2. Sprachenkenntnisse 

2.1 Ihre Muttersprache(n) und Dialekt(e): ___________________________________________ 

2.2 Muttersprache(n) der Mutter: __________ 2.3 Herkunft der Mutter (inkl. Region): __________ 

2.4 Muttersprache(n) des Vaters: __________ 2.5 Herkunft des Vaters: (inkl. Region): _________ 

 Alter Sprechen Hören Lesen Schreiben 

Deutsch  1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

Italienisch*  1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

  1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 
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2.6 Listen Sie alle Sprachen (inklusive Dialekte), die Sie gelernt haben, inkl. Niveau auf. (1=Anfänger, 

9=muttersprachlich). Beim „Alter“ geben Sie das Alter des ersten intensiven Kontakts an. Falls seit der Geburt, 

dann 0. 

2.7 *Welche Variante des italienischen Dialektes? _______________________________ 

 

 

3. Gebrauch der Muttersprachen (Zuhause, Schule und Sprachkurse) 

 

3.10 Hatten Sie schon mal Unterricht/Kurse in italienischer Sprache außerhalb der Schule? (z.B., Kon-

sulat, Sprachschule, Universität)?  JA   NEIN   

 

 

 

 

  1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

  1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

  1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

 Nur 

Deutsch 

Am meisten 

Deutsch 

Halb Deutsch 

/Italienisch* 

Am meisten 

Italienisch* 

Nur Ital-

ienisch* 

Andere 

3.1  Sprache(n) zu Hause bis   

       zum 6. Lebensjahr       

3.2  Sprache(n) zu Hause nach  

       der Einschulung       

3.3  Sprache(n) zu Hause jetzt       

3.4  Sprache in 1.-4. Klasse        

3.5  Sprache in 5.-10. Klasse        

3.6  Sprache in 11.-13. Klasse        

3.7  Sprache im BA        

3.8  Sprache im MA       

3.9  Sprache im PhD       
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3.11 Wenn ja, bitte Land und Institut eingeben: _______________________________________ 

 

4. Aufenthalte im Land der Herkunftssprache (und in anderen Ländern) 

 

4.2 Haben Sie für längere Zeit in Italien gelebt? Listen Sie alle Aufenthalte, die länger als 1 Monat 

waren 

 1 Kurs 2 Kurse 3 Kurse 4 Kurse 5 + Kurse 

3.12 Wie viele Kurse insgesamt?      

 
1 Monat 

/weniger 

Mehr als 1 

Monat 

Mehr als 6 

Monate 

Mehr als 1 

Jahr 

Mehr als 3 

Jahre 

3.13 Wie lange ging der längste 

Kurs? 
     

 
1-5 Monate 

her 

6 Monate 

her 
1 Jahr her 2 Jahre her 

Mehr als 5 

Jahre her 

3.14 Wann fand der längste Kurs 

statt? 
     

 
1 x pro 

Woche 

2 x pro 

Woche 

3 x pro 

Woche 

4 x pro 

Woche 

5 x pro 

Woche 

3.15 Wie oft fand der längste 

Kurs statt? 
     

 
1-5 Monate 

her 

6 Monate 

her 
1 Jahr her 2 Jahre her 

Mehr als 5 

Jahre her 

3.16 Wann fand der letzte Kurs 

statt? 
     

 

Weniger als 

1 Jahr 
2-3 Jahre 4-7 Jahre 8-11 Jahre 12+ Jahre 

3.17 Wie viele Jahre insgesamt?      

 Gar nicht 1-2 Mal 3-4 Mal 5-6 Mal 7-10 Mal 

4.1 Wie oft waren Sie in Ita-

lien während den letzten 5 

Jahren? 
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4.3 Haben Sie in anderen Ländern (außer Deutschland und Italien) gelebt? Wo und wie lange? 

  

5. Aktueller Gebrauch der Muttersprachen im Vergleich 

5.1 Kreuzen Sie das Verhältnis zwischen dem Gebrauch der beiden Sprachen an:  

                Deutsch            Italienisch 

          [   ]                     [   ]                 [   ]               [   ]             [   ] 

 

 

 

5.2 Gab es Pausen im Gebrauch des Italienischen/des Deutschen?  

 Nein 
Mehr als 6 

Monate 

Mehr als 1 

Jahr 

Mehr als 3 

Jahre 

Mehr als 5 

Jahre 

Falls ja, warum? 

Italienisch       

Deutsch       

 

Wo (Region/Stadt)? 

Wann? 

(e.g., 

2009) 

1-2 Monate 3-5 Monate 6-12 Monate 1-2 Jahre Mehr als 3 Jahre 

       

       

       

       

Land/Stadt 
Wann? 

(e.g., 2009) 

1-2 Monate 3-5 Monate 6-12 Monate 1-2 Jahre Mehr als 3 Jahre 
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5.3 Wie häufig verwenden Sie Deutsch/Italienisch für die folgenden Aktivitäten? 

 Nur Deutsch 
Am meisten 

Deutsch 

Halb Deutsch 

/Italienisch* 

Am meisten 

Italienisch* 

Nur Italien-

isch* 

Sprechen      

Hören      

Lesen      

Schreiben      

5.4 *Welche Variante des italienischen Dialektes? _______________________________ 

 

5.5 Wie häufig verwenden Sie eine andere Sprache (_________) für die folgenden Aktivitäten? 

 Nie Wenig Manchmal Häufig Immer 

Sprechen      

Hören      

Lesen      

Schreiben      

 

5.6 Welche Sprache(n) verwenden Sie mit den folgenden Personen? 

 Nur 

Deutsch 

Am meisten 

Deutsch 

Halb 

Deutsch 

/Italienisch* 

Am meisten 

Italienisch 

Nur Italien-

isch 

5.6  Eltern      

5.7  Geschwister      

5.8  Großeltern       

5.9  Verwandte      

5.10  Partner      
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5.11  Freunde      

5.12  Nachbarn      

5.13  Kommili-

tonen/Mitschüler      

5.14  Arbeitskollegen      

5.15  Mitbewohner      

5.16 *Welche Variante des italienischen Dialektes? _______________________________ 

 

5.17 Mit wie vielen Personen sprechen Sie aktuell Italienisch? 

 0-1 Personen 2-5 Personen 6-10 Personen 11-20 Personen 20+ Personen 

Ich spreche 

Italienisch mit 
     

 

5.18 Mit wie vielen Personen haben Sie von Geburt bis 18 Jahren regelmäßig (mindestens einmal alle 

zwei Wochen) nur (oder hauptsächlich) Italienisch gesprochen? 

 0-1 Personen 2-5 Personen 6-10 Personen 11-20 Personen 20+ Personen 

Ich sprach Ital-

ienisch mit 
     

 

5.19 Welche Arten von Kontakt haben Sie mit dem Italienischen (Mehrfachnennungen möglich):  

 Sprechen (z.B. Telefonate/persönliche Treffen mit Freunden, Familie)   

 Lesen (z.B. Bücher oder Zeitschriften, Internet)    

 Schreiben (z.B. Freunde, denen ich E-Mails schreibe)  

 Hören/sehen (z.B. Italienisches Kino, Fernsehen, Musik)   
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Geben Sie an welche Sprache(n) Sie normalerweise in den folgenden Situationen verwenden: 

 Nur 

Deutsch 

Mehr 

Deutsch als 

Italienisch 

Halb 

Deutsch 

/Italienisch 

Mehr 

Italienisch 

als 

Deutsch 

Nur Ital-

ienisch 

5.20  Schule/Ausbildung/Universität      

5.21  Beruf      

5.22  E-Mails      

5.23  SMS schreiben/WhatsApp      

5.24  Social media (Facebook, Twitter,    

        Instagram) 

     

5.25  Gaming      

5.26  Soziale Aktivitäten (Kino,       

        Unternehmungen mit Freunden) 

     

5.27  Hobbys, Sport, Freiwillige Arbeit      

5.28  Shopping/Restaurantbesuche/Andere      

        kommerzielle Aktivitäten 

     

5.29  Arztbesuche/Bank/Amt/Behörden      

5.30  Einkaufsliste schreiben, Notizen      

5.31  TV anschauen/Radio hören      

5.32  Musik/Liedertexte      

5.33  Filme anschauen/Netflix/YouTube      

5.34  Im Internet surfen      

5.35  Religiöse Aktivitäten      

5.36  Beten      

5.37  Beim Zählen & Rechnen (auch Kopf-

rechnen) 
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5.38  Gefühle ausdrücken (inklusive Zunei-

gung, Schimpfen) 
     

5.39  Spracheinstellung auf dem Han-

dy/Laptop? 
     

5.40  Zu Hause      

5.41  Lesen      

 

6. Code-Switching 

Einige Leute wechseln zwischen Ihren Sprachen innerhalb einer Konversation (z.B. wenn sie sich auf 

einer Sprache unterhalten, benutzen sie Wörter oder sogar Sätze einer anderen Sprache). Das ist be-

kannt als „Code-Switching“. Bitte geben Sie an, wie häufig Sie das machen: 

 Nie Selten Manchmal Häufig Immer 

6.1  Mit den Eltern und Verwandten      

6.2  Mit Freunden      

6.3  Auf Social Media (Facebook,  

      Twitter, Instagram) und Gaming 

     

 

7. Selbsteinschätzung 

Schätzen Sie Ihre Vokabel- und Grammatikkenntnisse sowie ihre Akzentstärke im Deutschen und im 

Italienischen ein: 

 

7.4 Welche Ihrer Muttersprachen sprechen Sie lieber und warum? ________________________ 

7.5 In welcher Sprache fühlen sie sich wohler und warum? ______________________________ 

 

 

7.1 Vokabeln 

(1 = sehr schlecht;  

 9 = Muttersprachlich) 

7.2 Grammatik 

(1 = sehr schlecht;  

 9 = Muttersprachlich) 

7.3 Akzent  

(1 = sehr starker Akzent;  

 9 = Muttersprachlich 

Deutsch 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 

Italienisch 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 
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8. Kenntnisse und Gebrauch des Englischen 

Wie häufig gebrauchen Sie Englisch in den folgenden Situationen? 

 Nie Selten Manchmal Häufig Immer 

8.1  Im Ausland/beim Reisen      

8.2  Bei der Schule/Uni/Arbeit      

8.3  Für Social Media/Gaming       

8.4  TV/Filme sehen      

8.5  Mit Freunden      

 

Was hat dazu beigetragen, dass Sie Englisch gelernt haben? (Mehrfachnennungen möglich) 

 Gar nicht Wenig Mittelmäßig Viel Sehr viel 

8.6  Auslandsreisen      

8.7  Schulunterricht      

8.8  Universität      

8.9  Social Media/Gaming       

8.10  TV/Filme gucken      

8.11  Mit Freunden kommunizieren      

 

Wie häufig gebrauchen Sie eine andere Sprache in den folgenden Situationen? 

 Nie Selten Manchmal Häufig Immer 

8.12  Im Ausland/beim Reisen      

8.13 Bei der Schule/Uni/Arbeit      

8.14  Für Social Media/Gaming       

8.15  TV/Filme sehen      
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8.16  Mit Freunden      

 

Was hat dazu beigetragen, dass Sie diese Sprache gelernt haben? (Mehrfachnennungen möglich) 

 Gar nicht Wenig Mittelmäßig Viel Sehr viel 

8.17  Auslandsreisen      

8.18  Schulunterricht      

8.19  Universität      

8.20  Social Media/Gaming       

8.21  TV/Filme gucken      

8.22  Mit Freunden kommunizieren      
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Extra: Schätzen Sie Ihr Niveau auf einer Skala von 0 bis 10 in den folgenden Aktivitäten im Deutschen und 
in den anderen Sprachen (im Vergleich zu Muttersprachlern). 
 

Deutsch 

 Keine Kenntnisse         Exzellente Kenntnisse 

  0                                                                     5                                                                         10 

Mündlich =______________|________________|_________________|_______________ = 

Hörverständnis =______________|________________|_________________|_______________ = 

Leseverständnis =______________|________________|_________________|_______________ = 

Schreiben =______________|________________|_________________|_______________ = 

 

Andere Sprache: ______________ 

 Keine Kenntnisse         Exzellent Kenntnisse 

  0                                                                     5                                                                         10 

Mündlich =______________|________________|_________________|_______________ = 

Hörverständnis =______________|________________|_________________|_______________ = 

Leseverständnis =______________|________________|_________________|_______________ = 

Schreiben =______________|________________|_________________|_______________ = 

 

Andere Sprache: ______________ 

 Keine Kenntnisse         Exzellent Kenntnisse 

  0                                                                     5                                                                         10 

Mündlich =______________|________________|_________________|_______________ = 

Hörverständnis =______________|________________|_________________|_______________ = 

Leseverständnis =______________|________________|_________________|_______________ = 

Schreiben =______________|________________|_________________|_______________ = 

 

Latein Kenntnisse 

Extra: Haben Sie mal Lateinisch gelernt?       JA c  NEIN c 

Wo? ________________________________ 

Wie lange? _________________________ Wie häufig fand der Unterricht statt? ______________ 

 

Vielen Danke für Ihre Teilnahme! J 
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Appendix C – Vocabulary Tests Stimuli 

 
Table C1 Italian and German adapted versions of the DIALANG.  
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Table C2 LexTALE items and correct/incorrect responses (yes/no). 

 

      Practice       

 

    Yes No   

 

  

Item 

    

  

platery 

 

X 

  

  

denial X 

   

  

generic X 

   

       
      Test       

  Yes No 

 

  Yes No 

Item 

   

Item 

  
mensible 

 

X 

 

plaintively X 

 
scornful X 

  

kilp 

 

X 

stoutly X 

  

interfate 

 

X 

ablaze X 

  

hasty X 

 
kermshaw 

 

X 

 

lengthy X 

 
moonlit X 

  

fray X 

 
lofty X 

  

crumper 

 

X 

hurricane X 

  

unkeep X 

 
flaw X 

  

majestic X 

 
alberation 

 

X 

 

magrity 

 

X 

unkempt X 

  

nourishment X 

 
breeding X 

  

abergy 

 

X 

festivity X 

  

proom 

 

X 

screech X 

  

turmoil X 

 
savoury X 

  

carbohydrate X 
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plaudate 

 

X 

 

scholar X 

 
shin X 

  

turtle X 

 
fluid X 

  

fellick 

 

X 

spaunch 

 

X 

 

destription 

 

X 

allied X 

  

cylinder X 

 
slain X 

  

censorship X 

 
recipient X 

  

celestial X 

 
exprate 

 

X 

 

rascal X 

 
eloquence X 

  

purrage 

 

X 

cleanliness X 

  

pulsh 

 

X 

dispatch X 

  

muddy X 

 
rebondicate 

 

X 

 

quirty 

 

X 

ingenious X 

  

pudour 

 

X 

bewitch X 

  

listless X 

 
skave   X   wrought X   
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Appendix D – Mini-Latin Vocabulary 

 

Table D1 Latin lexical items (showed in their nominative form only) for the L3 Mini-Latin 

study and their translations in German, Italian and English. 

    Translation   

 

German Italian English 

Word Class 

   
Nouns       

Nupta (f) Die Braut La sposa The bride 

Venefica (f) Die Hexe La strega The witch 

Vetula (f) Die alte Frau La vecchia The old woman 

Ludia (f) Die Tänzerin La ballerina The dancer 

Antistita (f) Die Pfarrerin La sacerdotessa The priestess 

Puella (f) Das Mädchen La banbina The girl 

Hariola (f) Die Hellseherin La chiaroveggente The clairvoyant 

Erus (m) Der Mann Il signore The man 

Tignarius (m) Der Schreiner Il falegname The carpenter 

Magirus (m) Der Koch Il cuoco The cook 

Famulus (m) der Sklave Lo schiavo The slave 

Pecuarius (m) der Viehzüchter L'allevatore The breeder 

Abietarius (m) der Zimmermann Il cacrpentiere The carpenter 

Lanius (m) der Metzger Il maccellaio The butcher 

Verbs       

Siuare Helfen Aiutare To helo 

Uocare Rufen Chiamare To call 
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Rogare Befragen Interrogare To interrogate 

Sauciare Verletzen Ferire To hurt 

Cruciare Belästigen Tormentare To harass 

Necare Umbringen Uccidere To kill 

Obiurgare 

Collustrare 

Tadeln 

Betrachten 

Rimproverare 

Osservare 

To scold 

To observe 

Adjectives       

Calicus Italienisch Italiano Italian 

Mallus Französisch Francese French 

Sercus Spanisch Spagnolo Spanish 

Teunus deutsch Tedesco German 

Micanus Britisch Inglese English 

Tidonus Amerikanisch Americano American 
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Appendix E – Stimuli for the GJT 

 

Table E1 Practice and test sentences for the Mini-Latin experiment. 

Practice sentences     Violation Type 

     
LANIUS COLLUSTRAT NOVERCAM TIDONAM Grammatical 

MAGIRUS OBIURGAT CALICUM ABIETARIUM Adjective violation 

NUPTA NECAT PECUARIUS TEUNUS Case violation 

VENEFICA CRUCIAT MICANA LUDIA Double violation 

     
Test sentences     Violation Type 

     
LANIUS SIUAT PECUARIUM TIDONUM Grammatical 

VENEFICA SIUAT ABIETARIUM MALLUM Grammatical 

FAMULUS SIUAT VETULAM CALICAM Grammatical 

HARIOLA SIUAT PUELLAM SERCAM Grammatical 

LUDIA SIUAT ANTISTITAM TEUNAM Grammatical 

ABIETARIUS UOCAT FAMULUM MICANUM Grammatical 

VETULA UOCAT MAGIRUM TIDONUM Grammatical 

PECUARIUS UOCAT VENEFICAM MALLAM Grammatical 

ANTISTITA UOCAT VENEFICAM CALICAM Grammatical 

TIGNARIUS UOCAT NUPTAM SERCAM Grammatical 

LANIUS ROGAT MAGIRUM TEUNUM Grammatical 

LUDIA ROGAT LANIUM MICANUM Grammatical 

ABIETARIUS ROGAT PUELLAM TIDONA Grammatical 

NUPTA ROGAT HARIOLAM MALLAM Grammatical 

ANTISTITA ROGAT PECUARIUM CALICUM Grammatical 
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MAGIRUS SAUCIAT ABIETARIUM SERCUM Grammatical 

HARIOLA SAUCIAT FAMULUM TEUNUM Grammatical 

TIGNARIUS SAUCIAT VENEFICAM MICANAM Grammatical 

VETULA SAUCIAT LUDIAM TIDONAM Grammatical 

PECUARIUS SAUCIAT ERUM MALLUM Grammatical 

FAMULUS CRUCIAT TIGNARIUM CALICUM Grammatical 

NUPTA CRUCIAT ERUM SERCUM Grammatical 

LANIUS CRUCIAT ANTISTITAM TEUNAM Grammatical 

PUELLA CRUCIAT VETULAM MICANAM Grammatical 

VENEFICA CRUCIAT HARIOLAM TIDONAM Grammatical 

ERUS NECAT MAGIRUM MALLUM Grammatical 

HARIOLA NECAT TIGNARIUM CALICUM Grammatical 

ABIETARIUS NECAT VETULAM SERCAM Grammatical 

PUELLA NECAT ANTISTITAM TEUNAM Grammatical 

LANIUS NECAT VENEFICAM MICANAM Grammatical 

ABIETARIUS OBIURGAT TIGNARIUM TIDONUM Grammatical 

PUELLA OBIURGAT FAMULUM MALLUM Grammatical 

MAGIRUS OBIURGAT VETULAM CALICAM Grammatical 

HARIOLA OBIURGAT ERUM SERCUM Grammatical 

LUDIA OBIURGAT NUPTAM TEUNAM Grammatical 

NUPTA OBIURGAT ERUM MICANUM Grammatical 

TIGNARIUS COLLUSTRAT PECUARIUM MICANUM Grammatical 

NUPTA COLLUSTRAT MAGIRUM TIDONUM Grammatical 

ERUS COLLUSTRAT LUDIAM MALLAM Grammatical 

PUELLA COLLUSTRAT ANTISTITAM CALICAM Grammatical 

LANIUS COLLUSTRAT FAMULUM SERCUM Grammatical 

PECUARIUS COLLUSTRAT LUDIAM TEUNAM Grammatical 
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ERUS SIUAT TEUNAM NUPTAM Adjective violation 

VENEFICA SIUAT MICANUM MAGIRUM Adjective violation 

TIGNARIUS SIUAT TIDONAM VETULAM Adjective violation 

LUDIA SIUAT MALLAM VENEFICAM Adjective violation 

PECUARIUS SIUAT CALICUM LANIUM Adjective violation 

ABIETARIUS UOCAT SERCUM FAMULUM Adjective violation 

HARIOLA UOCAT TEUNUM ERUM Adjective violation 

PECUARIUS UOCAT MICANAM ANTISTITAM Adjective violation 

NUPTA UOCAT TIDONAM VETULAM Adjective violation 

LUDIA UOCAT MALLUM TIGNARIUM Adjective violation 

MAGIRUS ROGAT CALICUM FAMULUM Adjective violation 

PUELLA ROGAT SERCUM ABIETARIUM Adjective violation 

ERUS ROGAT TEUNAM VENEFICAM Adjective violation 

VETULA ROGAT MICANUM PECUARIUM Adjective violation 

ABIETARIUS ROGAT TIDONAM ANTISTITAM Adjective violation 

TIGNARIUS SAUCIAT MALLUM LANIUM Adjective violation 

NUPTA SAUCIAT CALICUM MAGIRUM Adjective violation 

TIGNARIUS SAUCIAT SERCAM VETULAM Adjective violation 

HARIOLA SAUCIAT TEUNAM PUELLAM Adjective violation 

VENEFICA SAUCIAT MICANAM ANTISTITAM Adjective violation 

TIGNARIUS CRUCIAT TIDONUM MAGIRUM Adjective violation 

PUELLA CRUCIAT MALLUM FAMULUM Adjective violation 

LUDIA CRUCIAT SERCUM ERUM Adjective violation 

LANIUS CRUCIAT CALICAM VETULAM Adjective violation 

ANTISTITA CRUCIAT SERCAM HARIOLAM Adjective violation 

ERUS CRUCIAT TEUNUM ABIETARIUM Adjective violation 

LANIUS NECAT MICANUM FAMULUM Adjective violation 



Appendix 

 

   

 

238 

HARIOLA NECAT TIDONUM ABIETARIUM Adjective violation 

PECUARIUS NECAT CALICAM NUPTAM Adjective violation 

PUELLA NECAT MALLAM ANTISTITAM Adjective violation 

ANTISTITA NECAT CALICAM NUPTAM Adjective violation 

LUDIA NECAT SERCUM MAGIRUM Adjective violation 

FAMULUS OBIURGAT TEUNUM ERUM Adjective violation 

PUELLA OBIURGAT MICANUM PECUARIUM Adjective violation 

LANIUS OBIURGAT TIDONAM VENEFICAM Adjective violation 

LUDIA OBIURGAT MALLAM HARIOLAM Adjective violation 

MAGIRUS OBIURGAT CALICAM VETULAM Adjective violation 

FAMULUS COLLUSTRAT SERCUM PECUARIUM Adjective violation 

VENEFICA COLLUSTRAT TEUNUM ABIETARIUM Adjective violation 

TIGNARIUS COLLUSTRAT MICANAM NUPTAM Adjective violation 

HARIOLAM COLLUSTRAT TIDONUM LANIUM Adjective violation 

PUELLA COLLUSTRAT MALLAM LUDIAM Adjective violation 

ERUS SIUAT NUPTA TEUNA Case violation 

VENEFICA SIUAT MAGIRUS MICANUS Case violation 

TIGNARIUS SIUAT VETULA TIDONA Case violation 

LUDIA SIUAT VENEFICA MALLA Case violation 

PECUARIUS SIUAT LANIUS CALICUS Case violation 

PECUARIUS SIUAT VETULA SERCA Case violation 

ABIETARIUS UOCAT FAMULUS TEUNUS Case violation 

HARIOLA UOCAT ERUS MICANUS Case violation 

PECUARIUS UOCAT ANTISTITA TIDONA Case violation 

NUPTA UOCAT VETULA MALLA Case violation 

LUDIA UOCAT TIGNARIUS CALICUS Case violation 

NUPTA UOCAT ERUS SERCUS Case violation 
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MAGIRUS ROGAT FAMULUS TEUNUS Case violation 

PUELLA ROGAT ABIETARIUS MICANUS Case violation 

ERUS ROGAT VENEFICA TIDONA Case violation 

VETULA ROGAT PECUARIUS MALLUS Case violation 

ABIETARIUS ROGAT ANTISTITA CALICA Case violation 

MAGIRUS SAUCIAT LANIUS SERCUS Case violation 

NUPTA SAUCIAT MAGIRUS TEUNUS Case violation 

TIGNARIUS SAUCIAT LUDIA MICANA Case violation 

HARIOLA SAUCIAT PUELLA TIDONA Case violation 

VENEFICA SAUCIAT ANTISTITA MALLA Case violation 

TIGNARIUS CRUCIAT MAGIRUS CALICUS Case violation 

PUELLA CRUCIAT FAMULUS SERCUS Case violation 

LANIUS CRUCIAT VETULA TEUNA Case violation 

ANTISTITA CRUCIAT HARIOLA MICANA Case violation 

ERUS CRUCIAT ABIETARIUS TIDONUS Case violation 

LANIUS NECAT FAMULUS MALLUS Case violation 

HARIOLA NECAT ABIETARIUS CALICUS Case violation 

PUELLA NECAT ANTISTITA SERCA Case violation 

ANTISTITA NECAT NUPTA TEUNA Case violation 

LUDIA NECAT TIGNARIUS MICANUS Case violation 

FAMULUS OBIURGAT ERUS TIDONUS Case violation 

PUELLA OBIURGAT PECUARIUS MALLUS Case violation 

LANIUS OBIURGAT VENEFICA CALICA Case violation 

LUDIA OBIURGAT HARIOLA SERCA Case violation 

MAGIRUS OBIURGAT VETULA TEUNA Case violation 

FAMULUS COLLUSTRAT PECUARIUS MICANUS Case violation 

VENEFICA COLLUSTRAT ABIETARIUS TIDONUS Case violation 
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TIGNARIUS COLLUSTRAT NUPTA MALLA Case violation 

HARIOLAM COLLUSTRAT LANIUS CALICUS Case violation 

PUELLA COLLUSTRAT LUDIA SERCA Case violation 

LANIUS SIUAT TEUNUS PECUARIUS Double violation 

VENEFICA SIUAT MICANUS ABIETARIUS Double violation 

FAMULUS SIUAT TIDONA VETULA Double violation 

HARIOLA SIUAT MALLA PUELLA Double violation 

LUDIA SIUAT CALICA ANTISTITA Double violation 

ABIETARIUS UOCAT SERCUS FAMULUS Double violation 

VETULA UOCAT TEUNUS MAGIRUS Double violation 

PECUARIUS UOCAT MICANA VENEFICA Double violation 

ANTISTITA UOCAT TIDONA VENEFICA Double violation 

TIGNARIUS UOCAT MALLA NUPTA Double violation 

LANIUS ROGAT CALICUS MAGIRUS Double violation 

LUDIA ROGAT SERCUS LANIUS Double violation 

ABIETARIUS ROGAT TEUNA PUELLA Double violation 

NUPTA ROGAT MICANA HARIOLA Double violation 

ANTISTITA ROGAT TIDONUS PECUARIUS Double violation 

VETULA ROGAT MALLUS ERUS Double violation 

MAGIRUS SAUCIAT CALICUS ABIETARIUS Double violation 

HARIOLA SAUCIAT SERCUS FAMULUS Double violation 

TIGNARIUS SAUCIAT TEUNA VENEFICA Double violation 

VETULA SAUCIAT MICANA LUDIA Double violation 

PECUARIUS SAUCIAT TIDONUS ERUS Double violation 

PECUARIUS SAUCIAT MALLA NUPTA Double violation 

FAMULUS CRUCIAT CALICUS TIGNARIUS Double violation 

NUPTA CRUCIAT SERCUS ERUS Double violation 
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LANIUS CRUCIAT TEUNA ANTISTITA Double violation 

PUELLA CRUCIAT MICANA VETULA Double violation 

VENEFICA CRUCIAT TIDONA HARIOLA Double violation 

ERUS NECAT MALLUS MAGIRUS Double violation 

HARIOLA NECAT CALICUS TIGNARIUS Double violation 

ABIETARIUS NECAT SERCA VETULA Double violation 

PUELLA NECAT TEUNA ANTISTITA Double violation 

LANIUS NECAT MICANA VENEFICA Double violation 

ABIETARIUS OBIURGAT TIDONUS MAGIRUS Double violation 

PUELLA OBIURGAT MALLUS FAMULUS Double violation 

MAGIRUS OBIURGAT CALICA LUDIA Double violation 

HARIOLA OBIURGAT SERCUS ERUS Double violation 

LUDIA OBIURGAT TEUNA NUPTA Double violation 

TIGNARIUS COLLUSTRAT MICANUS PECUARIUS Double violation 

NUPTA COLLUSTRAT TIDONUS TIGNARIUS Double violation 

ERUS COLLUSTRAT MALLA LUDIA Double violation 

PUELLA COLLUSTRAT CALICA ANTISTITA Double violation 

LANIUS COLLUSTRAT SERCUS FAMULUS Double violation 

 

 

 

 

 

 

 

 



Appendix 

 

   

 

242 

 

 

 



Appendix 

 

   

 

243 

Appendix F – Representation of the EEG System 

 

 

 

Figure F1 Distribution of the electrodes in different actiCAP channel-sizes from Brain Prod-

ucts (Brain Products, Inc) (10-20 system). The montage used in the present dissertation com-

prises 32-channels (i.e., green color channels plus ground & reference, in black and blue re-

spectively). 
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Appendix G – Participants Background Information 

 

Table G1 Participant’s background information - Study I. 

Subject Language Group Proficiency_German (%) Proficiency_Italian (%)  Proficiency_English Sex AoA SESM Age LoR 

001 German L2er 97.33 NA 83.75 Female 11 0 26.31 15.31 

002 German L2er 96 NA 66.25 Female 7 2 18.28 11.28 

003 German L2er 98.67 NA 76.25 Female 8 4 24.02 16.02 

004 German L2er 96 NA 75 Female NA 1 24.82 NA 

005 German L2er 93.33 NA 83.75 Male 11 1 32.03 21.03 

006 German L2er 94.67 NA 58.75 Male 10 1 28.05 18.05 

007 German L2er 96 NA 88.75 Female 12 0 33.75 21.75 

008 German L2er 97.33 NA 88.75 Male 13 3 29.59 16.59 

009 German L2er 98.67 NA 76.25 Female 7 1 25.48 18.48 

010 German L2er 93.33 NA 91.25 Female 6 0 22.01 16.01 

011 German L2er 96 NA 63.75 Female 7 3 18.57 11.57 

012 German L2er 98.67 NA 63.75 Female 11 1 26.9 15.9 
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013 German L2er 93.33 NA 61.25 Female 7 1 23.86 16.86 

014 German L2er 92 NA 82.5 Female 6 1 21.18 15.18 

015 German L2er 92 NA 61.25 Female 8 1 24.06 16.06 

016 German L2er 97.33 NA 96.25 Male 9 4 25.98 16.98 

017 German L2er 92 NA 60 Female 11 1 NA NA 

018 German L2er 92 NA 60 Female 10 1 23.81 13.81 

019 German L2er 70.59 NA 48.75 Male 10 1 25.38 15.38 

020 German L2er 96 NA 61.25 Male 11 3 21.43 10.43 

021 German L2er 92 NA 60 Male 11 1 20.6 109.6 

022 German L2er 98.67 NA 66.25 Female 11 1 26.73 15.73 

023 German L2er 97.33 NA 76.25 Female 10 1 26.51 16.51 

024 German L2er 97.33 NA 62.5 Female 10 1 27.42 17.42 

025 German L2er 94.67 NA 62.5 Male 11 1 28.02 17.02 

026 German L2er 86.67 NA 55 Male 10 1 26.72 16.72 

027 German L2er 93.33 NA 60 Female 8 2 22.75 14.75 

028 German L2er 96 NA 52.5 Female NA 2 23.38 NA 

029 Italian HSs 96 92 78.75 Female 0 2 23.57 23.57 
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030 Italian HSs 100 82.67 68.75 Male 2 0 22.61 20.61 

031 Italian HSs 84 58.67 55 Female 2 2 24.77 22.77 

032 Italian HSs 100 62.67 66.25 Female 3 0 23.63 20.63 

033 Italian HSs 92 80 71.25 Female 0 0 19.16 19.16 

034 Italian HSs 88 76 53.75 Female 3 0 25.18 22.18 

035 Italian HSs 94.67 72 45 Female 4 0 25.01 21.01 

036 Italian HSs 89.33 69.33 45 Female 4 0 19.85 15.85 

037 Italian HSs 98.67 78.67 67.5 Female NA 0 30.08 30.08 

038 Italian HSs 90.67 78.67 58.75 Female 0 0 22.84 22.84 

039 Italian HSs 98.67 85.33 66.25 Female 2 0 23.76 21.76 

040 Italian HSs 97.33 89.33 52.5 Female 3 0 24.25 21.25 

041 Italian HSs 96 58.67 58.75 Male 4 0 35.5 31.5 

042 Italian HSs 92 82.67 80 Male 0 2 22.49 22.49 

043 Italian HSs 96 65.33 68.75 Female 4 0 21.38 17.38 
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Table G2 Participant’s background information - Study II. 

Subject Home Social Prof_Societal Prof_NonSocietal Location Group Environment Sex AoA_L2/2L1 SESM Age LoR 

001 -6.95 14.84 0.89 80 Germany L2 Lab Female 6 4 20.92 14.92 

002 -10.2 0.12 2.32 79 Germany L2 Lab Female 8 0 20.58 12.58 

003 -5.77 14.35 1.6 80 Germany L2 Lab Female 11 0 26.31 15.31 

004 0.52 9.57 -4.82 73 Germany L2 Lab Female 7 2 18.28 11.28 

005 -1.66 8.99 1.6 83 Germany L2 Lab Female 8 4 24.02 16.02 

006 -4.43 12.68 0.58 56 Germany L2 Lab Female NA 1 24.82 NA 

007 -5.16 6.56 1.6 56 Germany L2 Lab Male 11 1 32.03 21.03 

008 -4.4 16.32 1.6 89 Germany L2 Lab Male 10 1 28.05 18.05 

009 -3.22 20.59 1.6 81 Germany L2 Lab Female 12 0 33.75 21.75 

010 -6.49 8.03 -1.42 62 Germany L2 Lab Male 13 3 29.59 16.59 

011 1.18 33.40 -3.48 76.5 Germany L2 Lab Female 7 1 25.48 18.48 

012 -1.61 16.37 1.6 93 Germany L2 Lab Female 6 0 22.01 16.01 

013 -7.88 3.63 0.89 50 Germany L2 Home Female 11 1 26.9 15.9 

014 -2.88 16.75 1.6 86 Germany L2 Home Female 7 1 23.86 16.86 

015 -6.77 9.08 2.32 81 Germany L2 Home Female 8 1 24.06 16.06 
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016 -5.63 14.99 -1.42 83 Germany L2 Home Male 9 4 25.98 16.98 

017 -7.64 9.98 1.6 54 Germany L2 Home Female 11 1 NA NA 

018 -4.58 10.20 1.6 91.5 Germany L2 Home Female 10 1 23.81 13.81 

019 -4.1 15.13 1.6 79 Germany L2 Home Female 11 1 23.04 12.04 

020 -7.12 4.48 -2.81 68 Germany L2 Home Male 11 1 21.98 10.98 

021 -6.4 12.83 1.6 95 Germany L2 Home Male 10 1 25.38 15.38 

022 -1.8 11.32 1.6 58 Germany L2 Home Male 11 3 21.43 10.43 

023 -5.4 6.21 1.6 50 Germany L2 Home Male 11 1 120.6 109.6 

024 -7.09 17.26 0.89 52 Germany L2 Home Female 11 1 26.73 15.73 

025 -3.75 22.70 0.89 79 Germany L2 Home Female 10 1 26.51 16.51 

026 -12.5 -7.50 2.32 30 Germany L2 Home Female 10 1 27.42 17.42 

027 -8.52 -1.55 1.6 50 Germany L2 Home Male 11 1 28.02 17.02 

028 -7.5 5.24 1.6 58 Germany L2 Home Male 10 1 26.72 16.72 

029 -6.83 0.23 1.6 49.5 Germany L2 Home Female 8 2 22.75 14.75 

030 -9.13 -2.65 2.32 58 Germany L2 Home Female NA 2 23.38 NA 

031 1.87 11.06 1.6 85 Germany HS Lab Female 0 2 23.57 23.57 

032 1.27 1.13 2.32 75 Germany HS Lab Male 0 4 21.3 21.3 
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033 5.06 4.97 0.21 65 Germany HS Lab Female 2 2 24.77 22.77 

034 5.06 -4.98 2.32 72.5 Germany HS Lab Female 3 0 23.63 20.63 

035 11.31 2.24 1.6 72.5 Germany HS Lab Female 0 0 19.16 19.16 

036 -4.18 10.79 -3.5 75 Germany HS Home Male 0 4 22.62 22.62 

037 1.19 18.43 1.6 58 Germany HS Home Male 0 1 23.74 23.74 

038 17.53 21.40 0.89 87 Germany HS Home Female 3 0 25.18 22.18 

039 9.21 8.23 -0.745 60 Germany HS Home Female 4 0 25.01 21.01 

040 17.54 15.12 0.89 100 Germany HS Home Female 4 0 19.85 15.85 

041 10.62 26.22 -1.56 90 Germany HS Home Female 1 2 24.5 23.5 

042 5.92 15.57 1.6 64 Germany HS Home Female 3 1 28.95 25.95 

043 8.86 0.51 1.6 54 Germany HS Home Female NA 0 30.08 30.08 

044 11.08 0.10 1.6 87 Germany HS Home Female 0 0 22.84 22.84 

045 18.98 15.92 0.25 100 Germany HS Home Female NA 0 23.84 NA 

046 15.82 13.41 0.99 95.5 Germany HS Lab Female 2 0 23.76 21.76 

047 16.18 15.36 1.6 100 Germany HS Lab Female 3 0 24.25 21.25 

048 10.97 8.90 1.6 72.5 Germany HS Home Male 4 0 35.5 31.5 

049 15.2 4.90 1.6 97.5 Germany HS Lab Male 0 2 22.49 22.49 
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050 12.02 10.24 1.6 83 Germany HS Lab Male 3 0 28.56 25.56 

051 3.31 -2.54 -2.76 31 Germany HS Home Female 0 3 25.52 25.52 

052 7.97 14.68 1.6 75 Germany HS Lab Female 5 1 22.11 17.11 

053 13.42 37.34 -2.14 87 Germany HS Lab Female 0 0 22.52 22.52 

054 16.11 16.89 0.89 89 Germany HS Lab Female 0 0 29.45 29.45 

055 12.94 6.72 1.6 85 Germany HS Lab Female 4 0 21.38 17.38 

056 -6.53 7.41 0.89 100 Norway L2 Lab Female 7 3 16.93 9.93 

057 -4.59 23.55 2.32 100 Norway L2 Lab Male 5 2 23.51 18.51 

058 -1.94 29.95 -8.47 65 Norway L2 Lab Male 5 2 28.08 23.08 

059 -4.55 12.17 2.32 85 Norway L2 Lab Male 6 1 23.66 17.66 

060 -0.13 32.05 -2.47 80 Norway L2 Lab Female 7 0 22.32 15.32 

061 -3.77 15.97 1.6 95 Norway L2 Lab Female 6 4 20.56 14.56 

062 -4.29 26.33 0.89 70 Norway L2 Lab Male 6 4 21.18 15.18 

063 4.73 25.38 1.6 90 Norway L2 Lab Male 7 3 19.42 12.42 

064 -1.14 11.89 1.6 100 Norway L2 Lab Female 6 1 29.18 23.18 

065 2.45 17.19 1.6 100 Norway L2 Lab Female 6 4 16.14 10.14 

066 -8.41 -5.53 -7.75 60 Norway L2 Lab Female 7 0 48.06 41.06 
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067 -0.42 28.68 -10.91 65 Norway L2 Lab Male 5 4 28.68 23.68 

068 0.1 38.70 0.89 100 Norway L2 Lab Female 6 3 26.17 20.17 

069 -6.75 7.99 -8.47 60 Norway L2 Lab Male 10 4 30.8 20.8 

070 3.23 35.19 -9.19 55 Norway L2 Lab Female 0 4 24.78 24.78 

071 1.66 29.41 -4.83 65 Norway L2 Lab Male 8 3 23.23 15.23 

072 4.18 20.38 1.6 80 Norway L2 Lab Male 5 0 25.75 20.75 

073 2.78 30.16 0.93 85 Norway L2 Lab Female 5 3 21.24 16.24 

074 6.41 32.44 0.89 90 Norway L2 Lab Female 7 1 28.51 21.51 

075 -4.87 11.78 -8.47 50 Norway L2 Lab Female 0 NA 22.81 22.81 

076 1.45 14.20 1.6 100 Norway L2 Lab Female 6 3 30.07 24.07 

077 -5.11 6.36 1.6 80 Norway L2 Lab Female 7 1 31.44 24.44 

078 -0.46 32.02 0.21 100 Norway L2 Lab Female 4 0 32.92 28.92 

079 -4.88 13.50 1.6 85 Norway L2 Lab Female 9 0 45.66 36.66 

080 0.93 37.43 -25.98 20 Norway L2 Lab Female 7 1 27.98 20.98 

081 -3.71 20.98 1.6 80 Norway L2 Lab Male 9 3 22.43 13.43 

082 5.55 18.99 -1.34 90 Norway L2 Lab Female 0 1 29.73 29.73 

083 -5.99 18.77 1.6 90 Norway L2 Lab Female 9 3 30.54 21.54 
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084 -0.93 21.03 1.6 90 Norway L2 Lab Female 6 4 24.28 18.28 

085 -7.64 5.21 -8.47 55 Norway L2 Lab Female 6 3 47.99 41.99 

086 -2.89 25.66 -9.95 55 Norway L2 Lab Female 5 4 21.17 16.17 

087 -5.68 5.86 -7.75 60 Norway L2 Lab Female 10 0 53.71 43.71 

088 -0.8 26.82 -28.29 20 Norway L2 Lab Female 10 4 24.8 14.8 

089 -1.19 22.86 1.6 100 Norway L2 Lab Female 10 3 38.21 28.21 

090 3.54 37.25 0.17 100 Norway L2 Lab Male 7 1 23.63 16.63 

091 -6.24 -0.29 -1.04 45 Norway L2 Lab Female 10 2 56.83 46.83 

092 -5.21 10.40 -25.27 15 Norway L2 Lab Male 6 1 18.28 12.28 

093 -0.38 26.69 0.17 100 Norway L2 Lab Male 6 2 20.58 14.58 

094 0.68 16.87 0.17 60 Norway L2 Lab Female 3 0 28.35 25.35 

095 3.2 25.85 1.6 90 Norway L2 Lab Female 3 3 35.51 32.51 

096 -2.8 17.62 1.6 85 Norway L2 Lab Female 6 4 24.66 18.66 

097 1.46 27.14 0.89 100 Norway L2 Lab Female 4 NA 34.99 30.99 

098 -5.58 9.69 1.6 85 Norway L2 Lab Female 9 1 51.3 42.3 

099 -5.01 10.78 2.32 70 Norway L2 Lab Female 7 3 20.76 13.76 

100 -0.37 15.30 0.93 90 Norway L2 Lab Female 11 1 47.87 36.87 
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101 -1.16 16.73 1.6 90 Norway L2 Lab Female 5 3 30.05 25.05 

102 -4.69 16.03 -9.19 60 Norway L2 Lab Female 10 0 53.6 43.6 

103 -0.17 19.38 0.12 80 Norway L2 Lab Female 10 0 43.72 33.72 
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Table G3 Participant’s background information - Study III. 

 
Subject Home Social Proficiency_Societal Proficiency_English Language Group AoA SESM Age LoR 

1 -6.95 14.84 0.89 57.5 L2  6 4 20.92 14.92 

2 -10.18 0.12 2.32 75 L2 8 0 20.58 12.58 

3 -5.77 14.35 1.60 83.75 L2  11 0 26.31 15.31 

4 0.52 9.57 -4.82 66.25 L2  7 2 18.28 11.28 

5 -1.66 8.99 1.60 76.25 L2  8 4 24.02 16.02 

6 -4.43 12.68 0.58 75 L2  NA 1 24.82 NA 

7 -5.16 6.56 1.60 83.75 L2  11 1 32.03 21.03 

8 -4.40 16.33 1.60 58.75 L2  10 1 28.05 18.05 

9 -3.22 20.59 1.60 88.75 L2  12 0 33.75 21.75 

10 -6.49 8.03 -1.42 88.75 L2  13 3 29.59 16.59 

11 1.18 33.40 -3.48 76.25 L2  7 1 25.48 18.48 

12 -1.61 16.37 1.60 91.25 L2  6 0 22.01 16.01 

13 -10.80 -7.50 0.64 63.75 L2 7 3 18.57 11.57 

14 -7.88 3.63 0.89 63.75 L2  11 1 26.9 15.9 
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15 -2.88 16.75 1.60 61.25 L2  7 1 23.86 16.86 

16 -6.60 12.39 -3.30 82.5 L2  6 1 21.18 15.18 

17 -6.77 9.08 2.32 61.25 L2  8 1 24.06 16.06 

18 -5.63 14.99 -1.42 96.25 L2  9 4 25.98 16.98 

19 -7.64 9.98 1.60 60 L2  11 1 NA NA 

20 -4.58 10.20 1.60 60 L2  10 1 23.81 13.81 

21 -4.10 15.13 1.60 67.5 L2  11 1 23.04 12.04 

22 -7.12 4.48 -2.81 57.5 L2  11 1 21.98 10.98 

23 -6.40 12.83 1.60 48.75 L2  10 1 25.38 15.38 

24 -1.80 11.32 1.60 61.25 L2  11 3 21.43 10.43 

25 -5.40 6.21 1.60 60 L2  11 1 20.6 109.6 

26 -7.09 17.26 0.89 66.25 L2  11 1 26.73 15.73 

27 -3.75 22.70 0.89 76.25 L2  10 1 26.51 16.51 

28 -12.49 -7.50 2.32 62.5 L2  10 1 27.42 17.42 

29 -8.52 -1.55 1.60 62.5 L2  11 1 28.02 17.02 

30 -7.50 5.24 1.60 55 L2  10 1 26.72 16.72 

31 -6.83 0.23 1.60 60 L2  8 2 22.75 14.75 
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32 -9.13 -2.65 2.32 52.5 L2  NA 2 23.38 NA 

33 1.87 11.06 1.60 78.75 HSs 0 2 23.57 23.57 

34 9.35 19.93 0.31 68.75 HSs 2 0 22.61 20.61 

35 1.27 1.13 2.32 88.75 HSs 0 4 21.3 21.3 

36 5.06 4.97 0.21 55 HSs 2 2 24.77 22.77 

37 5.06 -4.98 2.32 66.25 HSs 3 0 23.63 20.63 

38 11.31 2.24 1.60 71.25 HSs 0 0 19.16 19.16 

39 -4.18 10.79 -3.50 76.25 HSs 0 4 22.62 22.62 

40 1.19 18.43 1.60 82.5 HSs 0 1 23.74 23.74 

41 17.53 21.40 0.89 53.75 HSs 3 0 25.18 22.18 

42 9.21 8.23 -0.75 45 HSs 4 0 25.01 21.01 

43 17.54 15.12 0.89 45 HSs 4 0 19.85 15.85 

44 10.85 9.06 1.60 58.75 HSs 3 1 25.48 22.48 

45 10.62 26.22 -1.56 52.5 HSs 1 2 24.5 23.5 

46 5.92 15.57 1.60 55 HSs 3 1 28.95 25.95 

47 8.86 0.51 1.60 67.5 HSs NA 0 30.08 30.08 

48 11.08 0.10 1.60 58.75 HSs 0 0 22.84 22.84 



Appendix 

 

   

 

258 

49 18.98 15.92 0.25 76.25 HSs NA 0 23.84 NA 

50 15.82 13.41 0.99 66.25 HSs 2 0 23.76 21.76 

51 16.18 15.36 1.60 52.5 HSs 3 0 24.25 21.25 

52 10.97 8.90 1.60 58.75 HSs 4 0 35.5 31.5 

53 15.20 4.90 1.60 80 HSs 0 2 22.49 22.49 

54 12.02 10.24 1.60 82.5 HSs 3 0 28.56 25.56 

55 10.64 10.76 0.89 63.75 HSs 3 0 25.41 22.41 

56 3.31 -2.54 -2.76 85 HSs 0 3 25.52 25.52 

57 7.97 14.68 1.60 52.5 HSs 5 1 22.11 17.11 

58 13.42 37.34 -2.14 52.5 HSs 0 0 22.52 22.52 

59 16.11 16.89 0.89 65 HSs 0 0 29.45 29.45 

60 12.94 6.72 1.60 68.75 HSs 4 0 21.38 17.38 
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Appendix H – Statistical Models and Outputs 

 

1) Study I 

Model H1 (Accuracy): glm (accuracy ~ Condition * Group, family = binomial) 

Table H1 Summary of Model H1. 

  Estimate Std. Error z value Pr(>|z|) 

(Intercept) 1.77108 0.08272 21.41 <0.001*** 

ConditionCase 1.05138 0.15131 6.949 < 0.001*** 

ConditionGr 1.20606 0.15899 7.586  < 0.001*** 

GroupHSs -1.042 0.11863 -8.783 < 0.001*** 

ConditionCase:GroupHSs 0.25165 0.21359 1.178      0.239 

ConditionGr:GroupHSs 0.99272 0.25579 3.881 < 0.001*** 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Null deviance: 3788.3 on 5417 degrees of freedom; Residual deviance: 3439.8 on 5412 degrees of 

freedom 
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Table H2 Summary of the Post-hoc Tukey for multiple comparisons. 

Contrast estimate SE z.ratio P value 

Adj DE - Case DE -1.0514 0.151 -6.949 <0.001 

Adj DE - Gr DE -1.2061 0.159 -7.586 <0.001 

Adj DE - Adj HSI 1.042 0.119 8.783 <0.001 

Adj DE - Case HSI -0.261 0.149 -1.747 0.501 

Adj DE - Gr HSI -1.1568 0.199 -5.801 <0.001 

Case DE - Gr DE -0.1547 0.186 -0.833 0.962 

Case DE - Adj HSI 2.0934 0.153 13.719 <0.001 

Case DE - Case HSI 0.7904 0.178 4.45 0.001 

Case DE - Gr HSI -0.1054 0.221 -0.476 0.997 

Gr DE - Adj HSI 2.2481 0.16 14.032 <0.001 

Gr DE - Case HSI 0.945 0.184 5.131 <0.001 

Gr DE - Gr HSI 0.0493 0.227 0.217 0.999 

Adj HSI - Case HSI -1.303 0.151 -8.644 <0.001 

Adj HSI - Gr HSI -2.1988 0.2 -10.973 <0.001 

Case HSI - Gr HSI -0.8957 0.22 -4.071 <0.001 

 

Model H2 (RTs): glmer (RT ~ Group*Condition + (Condition|Participant) + (1|Item), family 

= inverse.gaussian) 

 

Table H3 Summary of Model H2. 

Random effects: 

Group Name Variance Std.Dev Corr 

Participant (Intercept) 9.24e-04 0.030  

 Condition:Gr 8.47e-04 0.029 -0.51 

 Condition:Case 8.59e-04 0.029 -0.66 

Item (Intercept) 8.57e-05 0.009  

Residuals   3.31e-03 0.058  
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Fixed effects: 

  Estimate Std.Error t value Pr(>|z|) 

(Intercept) 1.003 0.017 58.499 <2e-16*** 

Condition:Gr 0.011 0.014 0.748 0.454 

Condition:Case -0.024 0.015 -1.600 0.110 

Group:HSs -0.021 0.026 -0.821 0.412 

Condition:Gr-Group:HSs -0.034 0.020 -1.753 0.080. 

Condition:Case-Group:HSs -0.012 0.020 -0.585 0.558 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

Table H4 Summary of the Post-hoc Tukey for multiple comparisons. 

Contrast Estimate SE df z.ratio P value 

DE:Adj-DE:Gr -0.01072 0.0143 Inf -0.748 0.976 

DE:Adj-DE:Case 0.02355 0.0147 Inf 1.600 0.598 

DE:Adj-HSs:Adj 0.02087 0.0254 Inf 0.821 0.964 

DE:Adj-HSs:Gr 0.04444 0.0262 Inf 1.697 0.534 

DE:Adj-HSs:Case 0.05621 0.0231 Inf 2.431 0.146 

DE:Gr-DE:Case 0.03427 0.0128 Inf 2.681 0.079 

DE:Gr-HSs:Adj 0.03159 0.0263 Inf 1.201 0.837 

DE:Gr-HSs:Gr 0.05516 0.0240 Inf 2.302 0.193 

DE:Gr-HSs:Case 0.06693 0.0222 Inf 3.017 0.031 

DE:Case-HSs:Adj -0.00268 0.0248 Inf -0.108 10.00 

DE:Case-HSs:Gr 0.02089 0.0237 Inf 0.881 0.951 

DE:Case-HSs:Case 0.03266 0.0186 Inf 1.752 0.497 

HSs:Adj-HSs:Gr 0.02357 0.0183 Inf 1.290 0.791 

HSs:Adj-HSs:Case 0.03534 0.0186 Inf 1.902 0.401 

HSs:Gr-HSs:Case 0.01177 0.0158 Inf 0.745 0.976 

 

The following 24 Tables represent the model outputs for omnibus factorial repeated-measures 

ANOVAs in the different time windows of the Mini-Latin experiment (divided in HSs first 

and German L2ers afterwards). For those main effects or interactions where the sphericity 

assumption was violated, adjusted degrees of freedom and p-values are reported (based on 

Huynh-Feldt corrections). 
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Lateral electrodes models: ezANOVA(data=Latin_data, dv=Voltage, wid=Subject, with-

in=(Condition, Hemishpere, Caudality), within_full=(Condition, Hemishpere, Caudality), 

observed=(Hemishpere, Caudality), detailed=TRUE) 

Midline electrodes models: ezANOVA(data=Latin_data, dv=Voltage, wid=Subject, with-

in=(Condition, Caudality), within_full=(Condition, Caudality), observed=(Caudality), de-

tailed=TRUE) 

Table H5 Model output for omnibus ANOVA in the HSs, adjective violation 200–500 ms: 

lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 11.57 0.004 0.30 

Condition 1 14 1.58 0.229 0.02 

Hemisphere 1 14 6.28 0.025 0.02 

Caudality 2 28 5.68 0.008 0.06 

Condition:Hemisphere 1 14 1.72 0.211 0.00 

Condition:Caudality 2 28 2.57 0.094 0.00 

Hemisphere:Caudality 2 28 5.56 0.009 0.01 

Condition:Hemisphere:Caudality 2 28 1.36 0.273 0.00 

 

Table H6 Model output for omnibus ANOVA in the HSs, adjective violation 200–500 ms: 

midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 7.57 0.016 0.24 

Condition 1 14 0.48 0.500 0.00 

Caudality 2 28 10.50 0.000 0.10 

Condition:Caudality 2 28 2.14 0.136 0.00 
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Table H7 Model output for omnibus ANOVA in the HSs, Case violation 200–500 ms: lateral 

electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 5.07 0.041 0.18 

Condition 1 14 18.71 0.001 0.11 

Hemisphere 1 14 7.22 0.018 0.02 

Caudality 2 28 5.53 0.009 0.05 

Condition:Hemisphere 1 14 1.64 0.221 0.00 

Condition:Caudality 2 28 1.45 0.251 0.00 

Hemisphere:Caudality 2 28 8.14 0.002 0.01 

Condition:Hemisphere:Caudality 2 28 0.99 0.385 0.00 

 

Table H8 Model output for omnibus ANOVA in the HSs, Case violation 200–500 ms: mid-

line electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 2.85 0.113 0.12 

Condition 1 14 13.46 0.003 0.07 

Caudality 2 28 7.78 0.002 0.08 

Condition:Caudality 2 28 0.30 0.745 0.00 
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Table H9 Model output for omnibus ANOVA in the HSs, adjective violation 300–600 ms: 

lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 3.86 0.070 0.13 

Condition 1 14 1.28 0.278 0.02 

Hemisphere 1 14 6.93 0.020 0.01 

Caudality 2 28 7.38 0.003 0.07 

Condition:Hemisphere 1 14 1.55 0.233 0.00 

Condition:Caudality 2 28 1.53 0.235 0.00 

Hemisphere:Caudality 2 28 6.04 0.007 0.01 

Condition:Hemisphere:Caudality 2 28 0.23 0.795 0.00 

 

Table H10 Model output for omnibus ANOVA in the HSs, adjective violation 300–600 ms: 

midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 2.36 0.147 0.09 

Condition 1 14 0.38 0.548 0.00 

Caudality 2 28 12.29 0.000 0.12 

Condition:Caudality 2 28 0.86 0.436 0.00 
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Table H11 Model output for omnibus ANOVA in the HSs, Case violation 300–600 ms: lat-

eral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 1.59 0.228 0.07 

Condition 1 14 14.20 0.002 0.08 

Hemisphere 1 14 8.33 0.012 0.02 

Caudality 2 28 8.38 0.001 0.07 

Condition:Hemisphere 1 14 0.89 0.363 0.00 

Condition:Caudality 2 28 0.45 0.642 0.00 

Hemisphere:Caudality 2 28 7.03 0.003 0.01 

Condition:Hemisphere:Caudality 2 28 1.43 0.256 0.00 

 

Table H12 Model output for omnibus ANOVA in the HSs, Case violation 300–600 ms: mid-

line electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 0.81 0.383 0.04 

Condition 1 14 6.87 0.020 0.04 

Caudality 2 28 11.29 0.000 0.09 

Condition:Caudality 2 28 0.36 0.703 0.00 
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Table H13 Model output for omnibus ANOVA in the HSs, adjective violation 600–900 ms: 

lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 0.95 0.347 0.03 

Condition 1 14 1.12 0.308 0.02 

Hemisphere 1 14 8.93 0.010 0.01 

Caudality 2 28 2.71 0.084 0.03 

Condition:Hemisphere 1 14 1.58 0.229 0.00 

Condition:Caudality 2 28 1.25 0.302 0.00 

Hemisphere:Caudality 2 28 7.87 0.002 0.01 

Condition:Hemisphere:Caudality 2 28 0.02 0.979 0.00 

 

Table H14 Model output for omnibus ANOVA in the HSs, adjective violation 600–900 ms: 

midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 0.41 0.530 0.02 

Condition 1 14 0.28 0.603 0.00 

Caudality 2 28 6.82 0.004 0.09 

Condition:Caudality 2 28 0.40 0.676 0.00 
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Table H15 Model output for omnibus ANOVA in the HSs, Case violation 600–900 ms: lat-

eral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 1.19 0.293 0.05 

Condition 1 14 1.10 0.312 0.01 

Hemisphere 1 14 10.07 0.007 0.01 

Caudality 2 28 2.73 0.082 0.02 

Condition:Hemisphere 1 14 0.99 0.336 0.00 

Condition:Caudality 2 28 0.13 0.880 0.00 

Hemisphere:Caudality 2 28 5.48 0.010 0.00 

Condition:Hemisphere:Caudality 2 28 5.08 0.013 0.00 

 

Table H16 Model output for omnibus ANOVA in the HSs, Case violation 600–900 ms: mid-

line electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 14 0.83 0.378 0.03 

Condition 1 14 0.01 0.916 0.00 

Caudality 2 28 6.84 0.004 0.06 

Condition:Caudality 2 28 0.84 0.442 0.00 
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Table H17 Model output for omnibus ANOVA in the German L2ers, adjective violation 

200–500 ms: lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 34.93 0.000 0.42 

Condition 1 26 6.45 0.017 0.03 

Hemisphere 1 26 10.47 0.003 0.03 

Caudality 2 52 7.05 0.002 0.04 

Condition:Hemisphere 1 26 1.08 0.309 0.00 

Condition:Caudality 2 52 1.00 0.374 0.00 

Hemisphere:Caudality 2 52 10.47 0.000 0.01 

Condition:Hemisphere:Caudality 2 52 0.98 0.382 0.00 

 

Table H18 Model output for omnibus ANOVA in the German L2ers, adjective violation 

200–500 ms: midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 22.71 0.000 0.33 

Condition 1 26 6.05 0.021 0.03 

Caudality 2 52 14.28 0.000 0.09 

Condition:Caudality 2 52 0.53 0.592 0.00 
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Table H19 Model output for omnibus ANOVA in the German L2ers, Case violation 200–

500 ms: lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 23.28 0.000 0.32 

Condition 1 26 0.29 0.594 0.00 

Hemisphere 1 26 10.57 0.003 0.03 

Caudality 2 52 6.97 0.002 0.03 

Condition:Hemisphere 1 26 2.42 0.132 0.00 

Condition:Caudality 2 52 2.73 0.074 0.00 

Hemisphere:Caudality 2 52 14.94 0.000 0.01 

Condition:Hemisphere:Caudality 2 52 1.96 0.151 0.00 

 

Table H20 Model output for omnibus ANOVA in the German L2ers, Case violation 200–

500 ms: midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 13.17 0.001 0.21 

Condition 1 26 0.34 0.567 0.00 

Caudality 2 52 14.32 0.000 0.10 

Condition:Caudality 2 52 2.56 0.087 0.00 
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Table H21 Model output for omnibus ANOVA in the German L2ers, adjective violation 

300–600 ms: lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 15.67 0.001 0.24 

Condition 1 26 7.57 0.011 0.03 

Hemisphere 1 26 18.74 0.000 0.03 

Caudality 2 52 18.39 0.000 0.10 

Condition:Hemisphere 1 26 0.55 0.464 0.00 

Condition:Caudality 2 52 1.20 0.310 0.00 

Hemisphere:Caudality 2 52 10.27 0.000 0.01 

Condition:Hemisphere:Caudality 2 52 1.17 0.317 0.00 

 

Table H22 Model output for omnibus ANOVA in the German L2ers, adjective violation 

300–600 ms: midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 5.45 0.028 0.10 

Condition 1 26 6.03 0.021 0.03 

Caudality 2 52 29.03 0.000 0.16 

Condition:Caudality 2 52 0.47 0.629 0.00 
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Table H23 Model output for omnibus ANOVA in the German L2ers, Case violation 300–

600 ms: lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 6.37 0.018 0.11 

Condition 1 26 0.56 0.461 0.00 

Hemisphere 1 26 21.12 0.000 0.03 

Caudality 2 52 18.15 0.000 0.10 

Condition:Hemisphere 1 26 1.15 0.294 0.00 

Condition:Caudality 2 52 2.62 0.083 0.00 

Hemisphere:Caudality 2 52 14.66 0.000 0.01 

Condition:Hemisphere:Caudality 2 52 2.17 0.124 0.00 

 

Table H24 Model output for omnibus ANOVA in the German L2ers, Case violation 300–

600 ms: midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 0.74 0.399 0.01 

Condition 1 26 0.63 0.433 0.00 

Caudality 2 52 26.62 0.000 0.16 

Condition:Caudality 2 52 2.99 0.059 0.00 
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Table H25 Model output for omnibus ANOVA in the German L2ers, adjective violation 

600–900 ms: lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 10.07 0.004 0.18 

Condition 1 26 4.05 0.055 0.02 

Hemisphere 1 26 20.08 0.000 0.02 

Caudality 2 52 7.98 0.001 0.05 

Condition:Hemisphere 1 26 0.87 0.361 0.00 

Condition:Caudality 2 52 1.16 0.321 0.00 

Hemisphere:Caudality 2 52 5.89 0.005 0.00 

Condition:Hemisphere:Caudality 2 52 1.25 0.294 0.00 

 

Table H26 Model output for omnibus ANOVA in the German L2ers, adjective violation 

600–900 ms: midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 3.65 0.067 0.07 

Condition 1 26 3.47 0.074 0.02 

Caudality 2 52 15.31 0.000 0.11 

Condition:Caudality 2 52 0.41 0.663 0.00 
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Table H27 Model output for omnibus ANOVA in the German L2ers, Case violation 600–

900 ms: lateral electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 5.65 0.025 0.11 

Condition 1 26 0.09 0.764 0.00 

Hemisphere 1 26 16.83 0.000 0.02 

Caudality 2 52 6.27 0.004 0.03 

Condition:Hemisphere 1 26 3.45 0.075 0.00 

Condition:Caudality 2 52 4.07 0.023 0.00 

Hemisphere:Caudality 2 52 5.01 0.010 0.00 

Condition:Hemisphere:Caudality 2 52 2.20 0.121 0.00 

 

Table H28 Model output for omnibus ANOVA in the German L2ers, Case violation 600–

900 ms: midline electrodes. 

Effect  DFn DFd F p  η2 

(Intercept) 1 26 1.62 0.214 0.03 

Condition 1 26 0.27 0.607 0.00 

Caudality 2 52 13.24 0.000 0.09 

Condition:Caudality 2 52 6.97 0.002 0.01 
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2) Study II 

 

Model H3 (high beta power): lm (High_Beta_Power ~ L2_Home + L2_Social + L1_Prof + 

AoA + SESM + Age + Sex + Group) 

Table H29 Summary of Model H3. 

  β  SE t Pr (>|t|) 

Intercept 0.930218 0.005702 163.151 <2e-16 ***   

L2_Home -0.006567 0.005799 -1.132 0.261 

L2_Social 0.00412 0.003718 1.108 0.271 

L1_Prof -0.005871 0.0055 -1.067 0.289 

AoA 0.01094 0.004907 -2.23 0.029 * 

SEM 0.003061 0.00363 0.843 0.402 

Age -0.01094 0.003233 1.637 0.106 

SexMale -0.011832 0.006863 -1.724 0.089 . 

GroupNorway -0.01417 0.009168 -1.546 0.126 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

R2 = 0.1611, adjusted = 0.07508, F-statistic: 1.873 on 8 and 78 DF, p-value: 0.07628 
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Model H4 (gamma power): lm (Gamma _Power ~ L2_Home_z + L2_Social_z + L1_Prof_z 

+ AoA_z + SESM_z + Age_z + Sex + Group) 

Table H30 Summary of Model H4. 

  β  SE t Pr (>|t|) 

Intercept 0.881844 0.006933 127.2 <2e-16 ***   

L2_Home_z -0.006569 0.007313 -0.871 0.387 

L2_Social_z 0.004053 0.004594 0.882 0.380 

L1_Prof_z -0.009545 0.006866 -1.39 0.168 

AoA_z -0.013566 0.006181 -2.195 0.031 * 

SEM_z 0.00289 0.004414 0.655 0.402 

Age_z 0.004258 0.003975 1.071 0.287 

SexMale -0.004175 0.00844 -0.495 0.622 

GroupNorway -0.016931 0.011121 -1.523 0.132 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

R2 = 0.1482, adjusted = 0.06084, F-statistic: 1.696 on 8 and 78 DF, p-value: 0.1125 
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Model H5 (Coherence): lme (Frequency ~ BrainRegion * AoA + BrainRegion * L2_Social + BrainRegion * L2_Home + BrainRegion * 

L1_Prof + SESM + Age + Sex + Group + (1 | Subject)) 

 

Table H31 Summary of the output of linear and mixed effects models for each frequency band (coherence analysis). Significant effects of varia-

bles of interest are highlighted in gray.  

  Theta Alpha Low Beta High Beta Gamma 

Predictors E CI p E CI p E CI p E CI p E CI p 

(Intercept) 0.59 0.58 – 0.59 <0.001 0.61 0.61 – 0.62 <0.001 0.58 0.58 – 0.59 <0.001 0.60 0.59 – 0.61 <0.001 0.63 0.61 – 0.64 <0.001 

LFT-LP 0.01 0.01 –  

0.02 

<0.001 0.00 -0.00 –  

0.01 

0.396 0.02 0.01 –  

0.02 

<0.001 0.02 0.01 –  

0.02 

<0.001 0.01 0.01 –  

0.02 

<0.001 

LFT-MF 0.08 0.07 – 

 0.08 

<0.001 0.11 0.10 –  

0.11 

<0.001 0.09 0.08 –  

0.09 

<0.001 0.06 0.05 –  

0.06 

<0.001 0.03 0.03 –  

0.04 

<0.001 

LFT-RFT -0.03 -0.04 –  

-0.03 

<0.001 -0.01 -0.02 –  

-0.01 

<0.001 -0.02 -0.03 –  

-0.02 

<0.001 -0.03 -0.03 –  

-0.02 

<0.001 -0.04 -0.04 –  

-0.03 

<0.001 

LFT-RP -0.05 -0.06 –  

-0.05 

<0.001 -0.05 -0.05 –  

-0.05 

<0.001 -0.05 -0.06 –  

-0.05 

<0.001 -0.04 -0.05 –  

-0.04 

<0.001 -0.04 -0.04 –  

-0.03 

<0.001 
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LP-MF -0.01 -0.01 –  

-0.01 

<0.001 -0.03 -0.03 –  

-0.02 

<0.001 -0.02 -0.02 –  

-0.01 

<0.001 -0.01 -0.02 –  

-0.01 

<0.001 0.00 -0.00 –  

0.01 

0.785 

LP-RFT -0.05 -0.06 –  

-0.05 

<0.001 -0.05 -0.06 –  

-0.05 

<0.001 -0.05 -0.06 –  

-0.05 

<0.001 -0.04 -0.05 –  

-0.04 

<0.001 -0.03 -0.04 –  

-0.03 

<0.001 

LP-RP 0.00 0.00 –  

0.01 

0.322 -0.02 -0.03 –  

-0.02 

<0.001 -0.02 -0.02 –  

-0.02 

<0.001 -0.00 -0.00 –  

0.00 

0.895 0.02 0.02 –  

0.02 

<0.001 

MF_RFT 0.07 0.06 –  

0.07 

<0.001 0.09 0.09 –  

0.10 

<0.001 0.08 0.08 –  

0.08 

<0.001 0.05 0.05 –  

0.06 

<0.001 0.03 0.03 –  

0.04 

<0.001 

MF-RP -0.01 -0.02 –  

-0.01 

<0.001 -0.03 -0.03 –  

-0.02 

<0.001 -0.02 -0.02 –  

-0.02 

<0.001 -0.02 -0.02 –  

-0.01 

<0.001 -0.00 -0.01 –  

0.00 

0.072 

RFT-RP 0.01 0.00 – 0.01 0.003 -0.01 -0.02 –  

-0.01 

<0.001 0.01 0.00 –  

0.01 

0.013 0.01 0.01 –  

0.02 

<0.001 0.01 0.01 –  

0.02 

<0.001 

AoA -0.00 -0.01 –  

0.00 

0.335 -0.01 -0.02 –  

0.00 

0.124 -0.01 -0.01 –  

0.00 

0.106 -0.02 -0.03 –  

-0.00 

0.040 -0.02 -0.04 –  

0.00 

0.111 
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Social 0.01 0.00 –  

0.01 

0.022 0.01 -0.00 –  

0.01 

0.162 0.00 -0.00 –  

0.01 

0.435 0.00 -0.01 –  

0.02 

0.652 0.01 -0.01 –  

0.02 

0.417 

Home -0.01 -0.01  

– 0.00 

0.135 -0.01 -0.02 – 0.00 0.098 -0.01 -0.02 – 0.00 0.114 -0.01 -0.03 – 0.01 0.189 -0.01 -0.04 – 0.01 0.357 

Proficiency 0.00 -0.00 – 0.01 0.536 0.01 -0.00 – 0.01 0.095 -0.00 -0.01 – 0.00 0.736 -0.01 -0.02 – 0.00 0.255 -0.01 -0.03 – 0.00 0.167 

LoE 0.00 -0.00 – 0.00 0.959 0.00 -0.01 – 0.01 0.787 -0.00 -0.01 – 0.01 0.985 0.00 -0.01 – 0.01 0.907 0.00 -0.01 – 0.02 0.946 

SES -0.00 -0.01 – 0.00 0.083 -0.00 -0.01 – 0.01 0.509 -0.01 -0.01 – -

0.00 

0.033 0.00 -0.01 – 0.01 0.977 0.00 -0.01 – 0.02 0.755 

Sex 0.00 -0.00 – 0.01 0.337 0.00 -0.00 – 0.01 0.293 0.00 -0.00 – 0.01 0.388 -0.01 -0.02 – 0.00 0.272 -0.01 -0.03 – 0.00 0.159 

Location -0.00 -0.01 – 0.00 0.278 -0.00 -0.01 – 0.00 0.304 -0.00 -0.01 – 0.00 0.585 -0.00 -0.01 – 0.01 0.951 -0.00 -0.02 – 0.02 0.936 

LFT-LP * 

AoA 

-0.00 -0.01 – 0.00 0.442 0.00 -0.00 – 0.01 0.410 -0.00 -0.01 – 0.01 0.835 0.00 -0.00 – 0.01 0.765 0.01 -0.00 – 0.01 0.142 

LFT-MF * 

AoA 

0.00 -0.00 – 0.01 0.585 -0.00 -0.01 – 0.00 0.488 -0.00 -0.01 – 0.01 0.885 0.00 -0.00 – 0.01 0.667 0.01 -0.00 – 0.01 0.155 
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LFT-RFT * 

AoA 

0.00 -0.01 – 0.01 0.802 -0.00 -0.01 – 0.00 0.402 0.00 -0.01 – 0.01 0.949 0.00 -0.01 – 0.01 0.958 0.01 -0.00 – 0.01 0.086 

LFT-RP * 

AoA 

0.00 -0.01 – 0.01 0.971 0.00 -0.01 – 0.01 0.749 0.00 -0.01 – 0.01 0.880 -0.00 -0.01 – 0.00 0.686 -0.00 -0.01 – 0.00 0.362 

LP-MF * 

AoA 

0.00 -0.01 – 0.01 0.997 0.01 -0.00 – 0.01 0.145 0.00 -0.01 – 0.01 0.820 -0.00 -0.01 – 0.00 0.683 -0.00 -0.01 – 0.00 0.259 

LP-RFT * 

AoA 

0.00 -0.01 – 0.01 0.840 0.00 -0.01 – 0.01 0.855 0.00 -0.00 – 0.01 0.703 0.00 -0.00 – 0.01 0.566 0.00 -0.00 – 0.01 0.372 

LP-RP * 

AoA 

0.00 -0.01 – 0.01 0.965 0.00 -0.00 – 0.01 0.163 0.00 -0.01 – 0.01 0.845 -0.00 -0.01 – 0.00 0.179 -0.01 -0.02 – -

0.00 

0.004 

MF-RFT * 

AoA 

0.00 -0.01 – 0.01 0.994 -0.01 -0.01 – 0.00 0.094 0.00 -0.01 – 0.01 0.888 0.00 -0.00 – 0.01 0.103 0.01 -0.00 – 0.01 0.066 

MF-RP * 

AoA 

-0.00 -0.01 – 0.01 0.865 -0.00 -0.01 – 0.01 0.870 -0.00 -0.01 – 0.00 0.539 -0.00 -0.01 – 0.00 0.345 -0.01 -0.02 – -

0.00 

0.005 

RFT-RP* 

AoA 

-0.00 -0.01 – 0.01 0.867 -0.00 -0.01 – 0.00 0.457 -0.00 -0.01 – 0.01 0.853 0.00 -0.01 – 0.01 0.949 0.00 -0.01 – 0.01 0.767 

LFT-LP * 

Social 

-0.00 -0.01 – 0.00 0.510 -0.00 -0.01 – 0.00 0.150 0.00 -0.00 – 0.01 0.588 0.00 -0.00 – 0.01 0.180 0.00 -0.00 – 0.01 0.320 
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LFT-MF * 

Social 

0.00 -0.00 – 0.01 0.363 0.00 -0.00 – 0.01 0.157 0.00 -0.00 – 0.00 0.947 -0.00 -0.00 – 0.00 0.954 -0.00 -0.01 – 0.00 0.500 

LFT-RFT * 

Social 

0.01 0.00 – 0.01 0.034 0.00 -0.00 – 0.01 0.107 -0.00 -0.01 – 0.00 0.736 0.00 -0.00 – 0.00 0.856 -0.00 -0.01 – 0.00 0.564 

LFT-RP * 

Social 

-0.00 -0.01 – 0.00 0.159 -0.00 -0.01 – 0.00 0.861 -0.00 -0.01 – 0.00 0.301 -0.00 -0.01 – 0.00 0.713 -0.00 -0.01 – 0.01 0.901 

LP-MF * 

Social 

-0.00 -0.01 – 0.00 0.108 -0.00 -0.01 – 0.00 0.074 -0.00 -0.01 – 0.00 0.802 -0.00 -0.01 – 0.00 0.567 -0.00 -0.01 – 0.00 0.578 

LP-RFT * 

Social 

-0.00 -0.01 – 0.00 0.309 -0.00 -0.01 – 0.00 0.405 -0.00 -0.01 – 0.00 0.436 -0.00 -0.01 – 0.00 0.355 -0.00 -0.01 – 0.00 0.897 

LP-RP * 

Social 

-0.01 -0.01 – -

0.00 

0.005 -0.00 -0.01 – 0.00 0.179 -0.00 -0.01 – 0.00 0.227 -0.00 -0.01 – 0.00 0.561 -0.00 -0.01 – 0.01 0.985 

MF-RFT * 

Social 

0.01 0.01 – 0.02 <0.001 0.01 0.00 – 0.01 0.003 0.00 -0.00 – 0.01 0.172 0.00 -0.00 – 0.01 0.225 0.00 -0.00 – 0.01 0.387 

MF-RP * 

Social 

-0.00 -0.01 – 0.00 0.582 -0.00 -0.01 – 0.01 0.939 0.00 -0.00 – 0.01 0.568 -0.00 -0.01 – 0.00 0.703 -0.00 -0.01 – 0.00 0.496 

RFT-RP* 

Social 

0.00 -0.00 – 0.01 0.673 -0.00 -0.01 – 0.00 0.561 0.00 -0.00 – 0.01 0.328 0.00 -0.00 – 0.00 0.916 0.00 -0.00 – 0.01 0.351 
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LFT-LP * 

Home 

-0.00 -0.01 – 0.01 0.982 0.00 -0.01 – 0.01 0.778 -0.00 -0.01 – 0.01 0.837 0.00 -0.01 – 0.01 0.930 0.00 -0.01 – 0.01 0.564 

LFT-MF * 

Home 

-0.00 -0.01 – 0.01 0.834 -0.00 -0.01 – 0.00 0.499 -0.00 -0.01 – 0.01 0.851 -0.00 -0.01 – 0.01 0.891 0.00 -0.01 – 0.01 0.585 

LFT-RFT * 

Home 

0.00 -0.01 – 0.01 0.948 -0.00 -0.01 – 0.01 0.753 0.00 -0.00 – 0.01 0.489 0.00 -0.00 – 0.01 0.514 0.01 -0.00 – 0.01 0.071 

LFT-RP * 

Home 

0.00 -0.00 – 0.01 0.477 0.00 -0.00 – 0.01 0.472 0.00 -0.01 – 0.01 0.707 0.00 -0.01 – 0.01 0.935 -0.00 -0.01 – 0.01 0.665 

LP-MF * 

Home 

0.00 -0.01 – 0.01 0.695 0.00 -0.00 – 0.01 0.317 0.00 -0.00 – 0.01 0.591 -0.00 -0.01 – 0.01 0.861 -0.00 -0.01 – 0.00 0.236 

LP-RFT * 

Home 

0.00 -0.00 – 0.01 0.654 0.00 -0.01 – 0.01 0.659 0.00 -0.00 – 0.01 0.519 0.00 -0.00 – 0.01 0.473 0.00 -0.00 – 0.01 0.280 

LP-RP * 

Home 

0.00 -0.00 – 0.01 0.631 0.01 0.00 – 0.02 0.015 0.00 -0.00 – 0.01 0.225 -0.00 -0.01 – 0.00 0.594 -0.01 -0.01 – 0.00 0.059 

MF-RFT * 

Home 

-0.01 -0.01 – 0.00 0.060 -0.01 -0.02 – -

0.00 

0.011 -0.01 -0.01 – 0.00 0.058 -0.00 -0.01 – 0.01 0.799 0.00 -0.00 – 0.01 0.527 

MF-RP * 

Home 

0.00 -0.01 – 0.01 0.961 -0.00 -0.01 – 0.01 0.721 -0.00 -0.01 – 0.00 0.493 -0.00 -0.01 – 0.00 0.446 -0.01 -0.01 – 0.00 0.060 
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RFT-RP* 

Home 

0.00 -0.01 – 0.01 0.997 -0.00 -0.01 – 0.00 0.366 -0.00 -0.01 – 0.00 0.657 0.00 -0.00 – 0.01 0.737 0.00 -0.00 – 0.01 0.459 

LFT-LP * 

Proficiency 

-0.00 -0.00 – 0.00 0.791 -0.00 -0.01 – 0.00 0.096 -0.00 -0.01 – 0.00 0.590 0.00 -0.00 – 0.00 0.955 -0.00 -0.01 – 0.00 0.775 

LFT-MF * 

Proficiency 

0.00 -0.00 – 0.01 0.182 0.01 0.00 – 0.01 0.017 0.00 -0.00 – 0.01 0.170 0.00 -0.00 – 0.01 0.392 0.00 -0.00 – 0.01 0.236 

LFT-RFT * 

Proficiency 

0.01 0.00 – 0.01 0.002 0.01 0.00 – 0.01 0.004 0.00 -0.00 – 0.01 0.450 0.00 -0.00 – 0.01 0.221 0.00 -0.00 – 0.01 0.282 

LFT-RP * 

Proficiency 

0.00 -0.00 – 0.00 0.988 -0.00 -0.01 – 0.00 0.487 -0.00 -0.00 – 0.00 0.957 -0.00 -0.00 – 0.00 0.877 -0.00 -0.01 – 0.00 0.365 

LP-MF * 

Proficiency 

-0.00 -0.01 – 0.00 0.456 -0.00 -0.01 – 0.00 0.099 -0.00 -0.01 – 0.00 0.723 0.00 -0.00 – 0.00 0.978 -0.00 -0.01 – 0.00 0.863 

LP-RFT * 

Proficiency 

-0.00 -0.00 – 0.00 0.965 -0.00 -0.01 – 0.00 0.936 -0.00 -0.00 – 0.00 0.953 0.00 -0.00 – 0.01 0.607 0.00 -0.00 – 0.01 0.476 

LP-RP * 

Proficiency 

-0.00 -0.01 – 0.00 0.192 -0.00 -0.01 – 0.00 0.222 -0.00 -0.01 – 0.00 0.323 -0.00 -0.01 – 0.00 0.094 -0.00 -0.01 – 0.00 0.174 

MF-RFT * 

Proficiency 

0.00 -0.00 – 0.01 0.229 0.01 0.00 – 0.01 0.005 0.00 -0.00 – 0.01 0.511 0.00 -0.00 – 0.01 0.358 0.00 -0.00 – 0.01 0.096 
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MF-RP * 

Proficiency 

-0.00 -0.01 – 0.00 0.154 -0.00 -0.01 – 0.00 0.330 -0.00 -0.01 – 0.00 0.666 -0.00 -0.01 – 0.00 0.549 -0.00 -0.01 – 0.00 0.294 

RFT-RP* 

Proficiency 

-0.00 -0.01 – 0.00 0.054 -0.00 -0.01 – 0.00 0.061 -0.00 -0.01 – 0.00 0.698 -0.00 -0.01 – 0.00 0.229 -0.00 -0.01 – 0.00 0.365 

LFT-LP * 

LoE 

-0.00 -0.00 – 0.00 0.796 -0.00 -0.01 – 0.00 0.542 -0.00 -0.01 – 0.00 0.313 -0.00 -0.01 – 0.00 0.358 -0.00 -0.01 – 0.00 0.271 

LFT-MF * 

LoE 

0.00 -0.00 – 0.00 0.801 -0.00 -0.01 – 0.00 0.521 -0.00 -0.01 – 0.00 0.446 -0.00 -0.00 – 0.00 0.867 -0.00 -0.01 – 0.00 0.862 

LFT-RFT * 

LoE 

-0.00 -0.00 – 0.00 0.858 -0.00 -0.01 – 0.00 0.387 -0.00 -0.01 – 0.00 0.533 -0.00 -0.00 – 0.00 0.665 -0.00 -0.01 – 0.00 0.740 

LFT-RP * 

LoE 

-0.00 -0.00 – 0.00 0.925 -0.00 -0.01 – 0.00 0.716 -0.00 -0.01 – 0.00 0.685 0.00 -0.00 – 0.00 0.664 0.00 -0.00 – 0.01 0.258 

LP-MF * 

 LoE 

-0.00 -0.00 – 0.00 0.859 0.00 -0.00 – 0.01 0.659 0.00 -0.00 – 0.01 0.503 0.00 -0.00 – 0.00 0.887 -0.00 -0.01 – 0.00 0.638 

LP-RFT * 

LoE 

-0.00 -0.01 – 0.00 0.446 0.00 -0.00 – 0.01 0.646 0.00 -0.00 – 0.00 0.963 0.00 -0.00 – 0.00 0.983 -0.00 -0.01 – 0.00 0.738 

LP-RP *  -0.00 -0.00 – 0.00 0.961 -0.00 -0.01 – 0.00 0.150 -0.00 -0.01 – 0.00 0.196 -0.00 -0.00 – 0.00 0.685 -0.00 -0.01 – 0.00 0.723 
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LoE 

MF_RFT * 

LoE 

-0.00 -0.00 – 0.00 0.875 0.00 -0.00 – 0.01 0.298 0.00 -0.00 – 0.01 0.533 -0.00 -0.01 – 0.00 0.596 -0.00 -0.01 – 0.00 0.551 

MF_RP * 

LoE 

0.00 -0.00 – 0.01 0.622 0.00 -0.00 – 0.01 0.411 0.00 -0.00 – 0.01 0.179 0.00 -0.00 – 0.01 0.596 0.00 -0.00 – 0.01 0.260 

RFT_RP* 

LoE 

0.00 -0.00 – 0.01 0.348 0.00 -0.00 – 0.01 0.247 0.00 -0.00 – 0.01 0.157 0.00 -0.00 – 0.01 0.180 0.00 -0.00 – 0.01 0.262 

Random Effects 

σ2 0.00 0.00 0.00 0.00 0.00 

τ00 0.00 Subject 0.00 Subject 0.00 Subject 0.00 Subject 0.00 Subject 

ICC 0.48 0.62 0.56 0.85 0.88 

N 96 Subject 96 Subject 96 Subject 96 Subject 96 Subject 

Marginal 

R2 / Condi-

tional R2 

0.655 / 0.822 0.635 / 0.860 0.666 / 0.853 0.330 / 0.901 0.187 / 0.906 
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3) Study III 

 

Model H6 (Accuracy): glm (accuracy ~ Condition*Group, family = binomial) 

Table H32 Summary of Model H6. 

  Estimate Std. Error z value Pr(>|z|) 

(Intercept) 6.0537 0.4087 14.811 < 2e-16 *** 

ConditionIncongruent -1.9105 0.4387 -4.355 <0.001 

ConditionNeutral -0.9848 0.4795 -2.054 0.04 * 

GroupHSs 0.2725 0.6461 0.422 0.673 

ConditionIncongruent:GroupHSs -0.8893 0.6775 -1.313 0.189 

ConditionNeutral:GroupHSs 0.1716 0.7694 0.223 0.824 

Signif. Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Null deviance: 1566.7 on 14399 degrees of freedom, Residual deviance: 1448.2 on 14394 degrees of 

freedom 

 

Model H7 (RTs): aov (RT ~ Group * Condition) 

Table H33 Summary of Model H7. 

  DF Sum Sq Mean Sq F value Pr(>F) 

Group 1 0.0056 0.00558 2.773 0.098 . 

Condition 2 0.4792 0.23961 119.172 <0.001 

Group:Conditon 2 0.0025 0.00126 0.624 0.537 

Residuals 174 0.3499 0.00201     

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Model H8 (L2 learners TFR – alpha): lmrob (Alpha_negative ~ NSL_Home + NSL_Social + 

AoA + SESM + Age + Sex) 

Table H34 Summary of Model H8. 

  Estimate Std. Error t value Pr(>|t|) 

(Intercept) 0.226556 0.006561 34.528 <2e-16 *** 

NSL_Home 0.016819 0.009531 1.765 0.096 . 

NSL_Social -0.013898 0.010773 -1.29 0.210 

AoA -0.017967 0.008283 -2.169 0.041 * 

SESM 0.010687 0.010924 0.978 0.339 

Age 0.031353 0.013428 2.335 0.029 * 

SexMale 0.001227 0.034704 0.035 0.972 

Signif. Codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Robust residual Std. error: 0.0256, R2 = 0.4558, adjusted = 0.3074 

 

Model H9 (L2 learners TFR – low beta): lmrob (Lowbeta_negative ~ NSL_Home + 

NSL_Social + AoA + SESM + Age + Sex) 

Table H35 Summary of Model H9. 

  Estimate Std. Error t t value Pr(>|t|) 

(Intercept) 0.0758671 0.0092002 8.246 3.56e-08 *** 

NSL_Home 0.0195371 0.0079264 2.465 0.022 * 

NSL_Social 0.0006492 0.0065506 0.099 0.922 

AoA -0.0010124 0.0091003 -0.111 0.912 

SESM 0.0132718 0.0051106 2.597 0.017 * 

Age 0.0116422 0.0126308 0.922 0.367 

SexMale 0.0161078 0.0172312 0.935 0.36 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Robust residual Std. error: 0.02847, R2 = 0.498, adjusted = 0.361 
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Model H10 (HSs TFR – theta): lmrob (Theta_positive ~ NSL_Home + NSL_Social + AoA + 

SESM + Age + Sex) 

Table H36 Summary of Model H10. 

  Estimate Std. Error t value Pr(>|t|) 

(Intercept) 0.072279 0.041211 1.754 0.096 . 

NSL_Home -0.015293 0.01811 -0.844 0.409 

NSL_Social -0.006518 0.040851 -0.16 0.875 

AoA -0.009557 0.015378 -0.621 0.542 

SESM -0.044438 0.029875 -1.487 0.153 

Age -0.026301 0.010431 -2.521 0.021 * 

SexMale 0.051419 0.06048 0.85 0.406 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Robust residual Std. error: 0.04782, R2 = 0.3608, adjusted = 0.159 

 

 

Model H11 (Brain x RTs): lmrob (RTs_interference ~ Alpha_positive*Group) 

Table H37 Summary of Model H11. 

  Estimate Std. Error t value Pr(>|t|) 

(Intercept) 1.94794 0.05394 36.111 <2e-16 *** 

Alpha_positive 0.5966 0.38603 1.545 0.128 

GroupHSs 0.16651 0.06652 2.503 0.015 * 

Alpha_positive:GroupHSs -0.99675 0.48313 -2.063 0.044 * 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Robust residual Std. error: 0.1455, R2 = 0.09428, adjusted = 0.04575 

 

 

 




