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CHAPTER 1

General introduction

1.1 Background

How does the brain manage multiple languages? What are the
underlying behavioural and neural mechanisms of the brain trying
to make sense of the world from input that is not in the native lan-
guage (L1), or to produce output in a non-native language? Anec-
dotally, when late language learners are asked about their strategy
to name a particular object in a non-native language, they will of-
ten state that they rely on the similarities between their L1 and
the non-native language in question. In this thesis, we defined late
language learners as those individuals who have acquired a lan-
guage in addition to their L1 after the age of fourteen (S. Rossi,
Gugler, Friederici & Hahne, 2006). We placed a special focus on late
language learners due to an noticeable lack of research combining
behavioural and neurolinguistic methods when examining this par-
ticular population. Moreover, we broadly defined individuals who
are able to actively engage and communicate in more than one lan-
guage as multilinguals (Kroll, Dussias, Bice & Perrotti, 2015). For
those individuals to be considered multilingual, proficiency levels
can vary in terms of their comprehension and speaking proficiency
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but also within their L1 and any additional languages.

Current evidence overwhelmingly suggests that multilingualism
has profound functional and structural consequences for the mind
and brain and that it impacts both language-specific mechanisms
and more domain-general cognitive mechanisms (Abutalebi, Cappa
& Perani, 2001; Bialystok, Craik & Luk, 2012; Kroll et al., 2015;
Stein et al., 2012; Wong, Yin & O’Brien, 2016). For example, previ-
ous research suggested a differential use of domain-general cognit-
ive control networks for multilinguals compared to monolinguals
(Abutalebi et al., 2013; Bialystok et al., 2012; D. W. Green &
Abutalebi, 2013). Cognitive control refers to the ability to adjust to
a preferred outcome, for example suppressing irrelevant information
in a particular context (Abutalebi & Green, 2016; Declerck et al.,
2021; D. W. Green, 1998). Multilinguals were consistently found to
outperform monolinguals on tasks which required the inhibition of
irrelevant information, the switching of attention and management
of working memory load (Hilchey & Klein, 2011). Critically, in this
thesis we move away from the traditional comparison between mul-
tilinguals and monolinguals. Instead, we focus on multilingualism
as a gateway to the underlying processing mechanisms of the brain
with respect to non-native language comprehension and produc-
tion. In light of this, we aim to add novel evidence to the current
literature (Abutalebi et al., 2001; Berthele, 2021a; Kroll & Bialys-
tok, 2013; Kroll et al., 2015; Puig-Mayenco, González Alonso &
Rothman, 2020).

A central theme of this thesis is cross-linguistic influence, or
CLI, which encompasses the bidirectional influence on processing
mechanisms of the L1 and non-native language at the cognitive
and neural level (Lago, Mosca & Garcia, 2021; Nozari & Pinet,
2020). Weinreich (1953) was one of the first to describe CLI as
a key feature in the context of multilingual language processing
(Kroll et al., 2015). CLI speaks directly to the anecdotal accounts
mentioned before, whereby learners describe that they form “con-
nections” between their L1 and a non-native language. Given its
potentially critical role in non-native language processing, CLI has
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since featured in several studies which made fundamental contribu-
tions to the characterisation of the multilingual language architec-
ture (Clahsen & Felser, 2006a; Hartsuiker, Pickering & Veltkamp,
2004; Jarvis, 2011; Odlin, 1989; B. D. Schwartz & Sprouse, 1996).
CLI has its roots in the parallel activation of the languages within
the multilingual brain, also in cases where only one language is
required in a specific context (Blumenfeld & Marian, 2007; Costa
& Pickering, 2019; Guo & Peng, 2006; Kroll et al., 2015; Marian
& Spivey, 2003a; Mishra & Singh, 2016). Yet, CLI and its impact
on non-native comprehension and production has been scarcely re-
searched in late language learners with lower proficiency levels in
comparison to highly proficient bilinguals (Bordag & Pechmann,
2007; Bürki & Laganaro, 2014; Costa, Kovacic, Franck & Cara-
mazza, 2003; Lemhöfer, Spalek & Schriefers, 2008; Morales et al.,
2016). Therefore, in this thesis we thoroughly examined two CLI
effects in late language learners in more detail, namely the gender
congruency effect, and the cognate facilitation effect.

The gender congruency effect refers to the notion of more effi-
cient processing of gender congruent nouns (i.e., nouns with sim-
ilar gender categories across languages) vs. incongruent nouns (i.e.,
nouns with dissimilar gender categories across languages) as a res-
ult of the interaction of the grammatical gender systems (Morales
et al., 2016; Paolieri, Demestre, Guasch, Bajo & Ferré, 2020). Note
that we exclusively focused on grammatical gender as opposed to se-
mantic gender, which is based on the biological features of the noun
(Corbett, 1991). Our main language of interest in this thesis was
Spanish, which is characterised by a two-way gender system. The
definite determiner “la” marks the feminine gender value, and “el”
marks masculine gender value, e.g., laF mesaF [the table] and elM
perroM [the dog], respectively. Contrastingly, the cognate facilita-
tion effect refers to the processing advantage of cognates (i.e., words
with considerable orthographic and phonological overlap) compared
to non-cognates, for example el volcán - the volcano vs. el perro - the
dog in Spanish and English (Amengual, 2012; Bosma, Blom, Hoek-
stra & Versloot, 2019; Costa, Caramazza & Sebastián-Gallés, 2000;
Dijkstra, Miwa, Brummelhuis, Sappelli & Baayen, 2010; Lemhöfer
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& Dijkstra, 2004; Strijkers, Costa & Thierry, 2010). As mentioned
above, these two CLI effects are robustly reported for highly pro-
ficient multilinguals (Bordag & Pechmann, 2007; Lemhöfer et al.,
2008; Morales et al., 2016), but have been less extensively studied
in late language learners. Therefore, by focusing on late language
learners, we obtained critical insights from CLI into multilingual
language processing in a relatively understudied population. Among
those insights were the quantification of CLI in non-native compre-
hension and production, the sensitivity of the multilingual brain to
the corresponding linguistic features of gender congruency and cog-
nate status, the neural correlates of CLI in late language learners,
the characterisation of individual non-native production stages as
well as the locus of target language selection. These issues are sys-
tematically featured in this thesis across a number of studies, as
discussed in more detail in the following sections.

The second central theme of this thesis is whether and how
language similarity between the L1 and the non-native language
affects non-native comprehension and production mechanisms. De-
fining and measuring language similarity has been subject to debate
in the literature (Ringbom & Jarvis, 2009; Van der Slik, 2010). Pre-
vious work attempted to quantify language similarity by means of
genetic linguistic distance (Cavalli-Sforza, Menozzi & Piazza, 1994),
or cognate linguistic distance (McMahon & McMahon, 2005; Van
der Slik, 2010). While we acknowledge that this debate around how
to exactly measure the similarity between two languages is far from
resolved, in this thesis we defined language similarity as the struc-
tural morphosyntactic, orthographic and phonological word form
overlap across languages (Foote, 2009; Rothman & Cabrelli Am-
aro, 2010). Note also that throughout this thesis, we will use the
term language similarity interchangeably with the terms linguistic
similarity and typological similarity. Following this definition, we
tested three different multilingual populations with varying degrees
of language similarity: native German late learners of Spanish and
native Dutch late learners of Spanish, representing the linguistically
more dissimilar language pairs; and native Italian late learners of
Spanish, representing the linguistically more similar language pair.
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Beyond the aforementioned anecdotal accounts, research sug-
gested that learners routinely embed the non-native language in
their L1 context during language processing (Ringbom & Jarvis,
2009). Yet, language similarity was only featured in a few studies on
non-native language comprehension and production (Dijkstra et al.,
2010; Foucart & Frenck-Mestre, 2011; Sabourin, Stowe & De Haan,
2006; Rothman & Cabrelli Amaro, 2010; Zawiszewski, Gutiérrez,
Fernández & Laka, 2011; Zawiszewski & Laka, 2020). Evidence
from these studies tentatively suggested a processing advantage for
speakers of linguistically similar languages, e.g., Italian-Spanish,
compared to speakers of linguistically less similar languages, e.g.,
German-Spanish (Sabourin et al., 2006; Zawiszewski & Laka, 2020).
The debate around the role of language similarity and its impact on
multilingual processing is critical because it taps directly into the
co-existence of two or more languages in a multilingual brain and
the subsequent functional and cognitive architecture of each of these
languages (Abutalebi, 2008; Clahsen & Felser, 2006b; Tolentino &
Tokowicz, 2011). In light of the apparent lack of research, character-
ising the exact impact of language similarity on language processing
mechanisms is a crucial issue. Therefore, in this thesis we quanti-
fied the role language similarity plays in multilingual language pro-
cessing to gain insights into how language similarity guides non-
native processing. More specifically, we tested the influence of high
or low language similarity on non-native comprehension and pro-
duction in Italian-Spanish speakers and German-Spanish speakers
across several studies. The critical question here was whether or not
speakers of highly similar languages, e.g., Italian-Spanish, had an
inherent processing advantage compared to speakers of less similar
languages, e.g., German-Spanish.

Additionally, we explored whether language similarity affected
higher cognitive functioning such as cognitive control in Italian-
Spanish speakers and in Dutch-Spanish speakers. Here, a funda-
mental issue is whether speakers of linguistically similar languages,
e.g., Italian-Spanish, develop enhanced cognitive control skills over
time compared to speakers of linguistically less similar languages,
e.g., Dutch-Spanish (Stocco, Yamasaki, Natalenko & Prat, 2014;
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Yamasaki, Stocco & Prat, 2018). Taken together, we investigated
the role of language similarity both in the context of non-native
comprehension and production, but also in the context of more
general cognitive functions such as cognitive control.

1.2 Non-native processing through the

lens of electroencephalography

In this thesis, we combined behavioural measures of perform-
ance accuracy, response times, naming accuracy and naming laten-
cies with electrophysiological measures, i.e., electroencephalography
(EEG). EEG is a non-invasive method to measure event-related
brain potentials (ERPs). These ERPs are time-locked to particular
events, e.g., the appearance of a stimulus during a task (Woodman,
2010). More specifically, ERPs reflect the systematic oscillatory
changes of brain potentials over time. These systematic changes
are termed ERP components and can be linked to particular lin-
guistic and cognitive phenomena, for example syntactic or semantic
processing, or cognitive control (Friederici, Steinhauer & Frisch,
1999; Steinhauer, White & Drury, 2009; Swaab, Ledoux, Camblin &
Boudewyn, 2011). ERPs are typically measured via scalp electrodes
in the form of voltage amplitudes. Due to their excellent temporal
resolution, ERPs can provide detailed and nuanced insights into the
sub-mechanisms of language processing as well as domain-general
cognitive mechanism in real time (Bürki & Laganaro, 2014; Chris-
toffels, Firk & Schiller, 2007; Foucart & Frenck-Mestre, 2011; Hahne
& Friederici, 2001; E. M. Moreno, Rodŕıguez-Fornells & Laine, 2008;
S. Rossi et al., 2006; Steinhauer et al., 2009; Tokowicz & MacWhin-
ney, 2005; Valente, Bürki & Laganaro, 2014; Woodman, 2010).
Therefore, EEG and ERPs are fundamental tools in examining
non-native language comprehension and production mechanisms.
In this thesis, we focused mainly on the exploration of two ERP
components: the P600 component in (non-)native comprehension
in Chapters 2, 4, 5 and 8; and the P300 component in non-native
production in Chapters 3, 4 and 6. However, we also briefly touched
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on the left anterior negativity (LAN) component, and the N400
component in Chapters 2, 3 and 8; both of which were commonly
linked to language comprehension mechanisms (Barber & Carreiras,
2005; Kutas & Federmeier, 2011; Mart́ın-Loeches, Muñoz, Casado,
Melcón & Fernández-Fŕıas, 2005; Swaab et al., 2011).

The P600 component is typically elicited in the context of syn-
tactic violation paradigms (Hagoort, Brown & Groothusen, 1993).
It has a maximal peak over centro-parietal regions around 600
ms post-stimulus onset and a component latency between 500 ms
to 900 ms post-stimulus onset (Steinhauer et al., 2009; Swaab et
al., 2011). Importantly, P600 component amplitudes vary with re-
spect to whether a linguistic structure contains a syntactic viola-
tion: evidence suggests larger voltage amplitudes for syntactically
incorrect compared to syntactically correct constructions, yield-
ing the so-called P600 effect (Swaab et al., 2011). The P600 ef-
fect was robustly reported across a range of language combinations
and different types of syntactic violations, for example determiner-
noun agreement violations or adjective-noun agreement violations
(Barber & Carreiras, 2005; Friederici et al., 1999; Gunter, Friederici
& Schriefers, 2000; Hagoort & Brown, 2000; Molinaro, Vespignani
& Job, 2008; Osterhout & Holcomb, 1992; Steinhauer et al., 2009;
Swaab et al., 2011). The consensus is that the P600 component is a
neural correlate of successful syntactic integration, re-analysis and
repair (Alemán Bañón, Fiorentino & Gabriele, 2012; Barber & Car-
reiras, 2005; Gouvea, Phillips, Kazanina & Poeppel, 2010). Relevant
to this thesis, the P600 effect was less robustly reported for late lan-
guage learners with lower proficiency levels (Hahne, 2001; Hahne &
Friederici, 2001; Weber-Fox & Neville, 1996), but see S. Rossi et
al. (2006). This tentatively suggested that late language learners
showed decreased sensitivity to syntactic violations. Therefore, in
this thesis we used the P600 component to first, shine light onto
the underlying neural mechanisms of (non-)native comprehension.
Second, we examined how factors such as language similarity or
CLI could impact P600 component voltage amplitudes. Third, we
studied whether late language learners demonstrated sensitivity to
syntactic violations. Finally, we examined whether P600 compon-
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ent amplitudes differed as a function of language similarity. These
issues were closely investigated in Chapters 2, 4, 5 and 8.

The second ERP component we focused on in this thesis was the
P300 component. This component is frequently reported in centro-
parietal regions with a peak around 300 ms after stimulus onset
and was more generally associated with cognitive control, working
memory load and inhibitory processes (Barker & Bialystok, 2019;
Barry et al., 2020; González Alonso et al., 2020; Polich, 2007). The
so-called P300 effect refers to higher voltage amplitudes elicited
in the more cognitively demanding condition, for example the in-
congruent condition in a classical Flanker task (Eriksen & Eriksen,
1974). This particular task exploits the mismatch between a target
stimulus and the surrounding stimuli, e.g., a target arrow in the
centre of an array where the remaining arrows point in a differ-
ent direction to the target arrow (Bosma & Pablos, 2020). More
recently, the P300 component was also reported in designs combin-
ing both cognitive control and language processing components, see
for example Bosma and Pablos (2020) for a Flanker task with in-
termittent code-switching. Yet, to this date not much research has
exploited the potential of the P300 component to study key fea-
tures such as CLI in non-native language production. Even fewer
studies have tackled the time course of non-native production with
respect to CLI (Bürki & Laganaro, 2014; Valente et al., 2014).
Therefore, in this thesis we used the P300 component to explore
how CLI modulated the time course of non-native production. We
used the Levelt-Roelofs-Meyer (LRM) model (Levelt, Roelofs &
Meyer, 1999) as our theoretical framework. This model describes
word production in terms of several individual production stages in
the L1, each connected to a specific duration in time (Indefrey &
Levelt, 2004; Indefrey, 2011). In this thesis, we utilised the gender
congruency effect and the cognate facilitation effect to examine two
different theoretical accounts of the mitigation of CLI and the selec-
tion of the target language. One account suggested that CLI was re-
solved prior to the so-called lexical retrieval stage (Gollan, Montoya,
Fennema-Notestine & Morris, 2005; Hermans, Bongaerts, De Bot &
Schreuder, 1998), whereas a second account suggested that CLI was
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only resolved after lexical retrieval (Christoffels et al., 2007; Colomé,
2001; Rodriguez-Fornells et al., 2005). Therefore, a novel aspect of
this thesis was the examination of the P300 component as a poten-
tial index of mechanisms critical to successful non-native language
production, namely the mitigation of CLI between the L1 and the
non-native language and target language selection. Moreover, we
explored whether P300 component amplitudes differed across vari-
ous populations with a higher or lower language similarity. These
issues are examined in detail in Chapters 3, 4 and 6 of this thesis.
Taken together, combined with adequate statistical tools, EEG and
ERPs form powerful pillars in the quest of disentangling the com-
plex processing architecture within the multilingual brain.

1.3 Open Science and statistics in neur-

olinguistics

In recent years, there have been growing concerns about the ro-
bustness, reproducibility and interpretation of published research
findings within the scientific community (Sönning & Werner, 2021).
These concerns marked the beginnings of the so-called replication
crisis in fields such as psycholinguistics or neurolinguistics, but also
in linguistics, psychology and neuroscience (Ioannidis, 2005; Shrout
& Rodgers, 2018; Sönning & Werner, 2021; Tackett, Brandes, King
& Markon, 2019). Sönning and Werner (2021) outlined four prob-
lematic aspects of published research in an attempt to capture these
concerns: the high rates of false-positive results connected to the
(mis)use of statistical techniques, the opaqueness in terms of the
methodological details and the analysis procedures, the inaccessib-
ility of the original data, and finally, the perceived insignificance
of replication studies and their subsequent classification as “non-
original” research. Several studies have made efforts to define the
underlying causes of these concerns, which include the incorrect
interpretation of statistical outcome parameters, sub-optimal re-
search designs and low statistical power (Ioannidis, 2005; Munafò
et al., 2017). On the other hand, research has also focused on de-
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fining mitigatory strategies of the replication crisis, such as making
data and research materials freely accessible and elaborating on
the selection of statistical analysis procedures (Sönning & Werner,
2021). This movement is now widely known as Open Science, see
Mirowski (2018) and Vicente-Saez and Martinez-Fuentes (2018) for
a detailed discussion.

In the current thesis, we continued these efforts and placed
a strong focus on the following: first, we increased the transpar-
ency regarding the linguistic background of our multilingual par-
ticipants, the research method and the analysis procedures. More
specifically, in addition to our strong theoretical focus, we provided
detailed descriptions of our participants, research design, stimuli
and materials. Moreover, we meticulously described and motiv-
ated our statistical analysis approaches and reported the detailed
model specifications and parameters. Second, we made the data
and analysis scripts openly available to the scientific community
by creating public repositories on the Open Science Framework,
OSF (Foster & Deardorff, 2017). This was done in an effort to en-
courage replication studies and to be transparent about the data
and the analysis details. Third, we went beyond traditional stat-
istical analysis approaches, especially for our highly complex EEG
data. This meant that for some of our data, we expanded on more
conventional analysis approaches and applied relatively novel, but
more suitable statistical techniques. This was done to challenge
current analysis practises and to propose concrete alternative ap-
proaches. To provide tangible examples, we used more advanced
statistical methods to analyse both our behavioural data and our
EEG data on a single-trial basis: (generalised) linear mixed effects
models (LMMs), see Frömer, Maier and Abdel Rahman (2018); and
generalised additive mixed models (GAMMs), see De Cat, Klepous-
niotou and Baayen (2015), Meulman, Wieling, Sprenger, Stowe and
Schmid (2015) and Tremblay and Newman (2015).

An important characteristic of LMMs is the ability to effectively
estimate random variance, and to manage missing data and unbal-
anced datasets (Baayen, Davidson & Bates, 2008; Fröber, Stürmer,
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Frömer & Dreisbach, 2017). As a result, LMMs yield robust es-
timates while minimising false-positives and maintaining high stat-
istical power (Barr, 2013; Matuschek, Kliegl, Vasishth, Baayen &
Bates, 2017). At the centre of this approach is a linear mixed model,
which consists of a fixed effects structure and a random effects
structure. The fixed effects structure typically contains the inter-
cept or grand mean across all predictors, the linear predictors and
the corresponding interaction effects, if applicable, as well as any
potential covariates in line with the experimental design, research
question and hypotheses. In contrast, the random effects structure
contains terms to capture by-participant and by-item variance, and
to estimate the effect of the main predictor variables as a function
of the individual subject and item. LMMs are suitable for behavi-
oural analyses, but are also a viable alternative to the more con-
ventional ANOVA-approach for EEG data analysis (Frömer et al.,
2018). LMMs for behavioural analyses are featured in all chapters
of this thesis, and LMMs for EEG data analyses are included in
Chapters 2, 3, 4 and 6 of this thesis.

On the other hand, the generalised additive mixed models, or
GAMMs, represent an extension of LMMs: in addition to linear pre-
dictors, GAMMs also include non-linear predictors which do not
assume a linear relationship between the predictor and the out-
come variable (Meulman et al., 2015; Tremblay & Newman, 2015).
These non-linear terms are fundamentally a collection of so-called
“basis functions”, which for instance capture model voltage amp-
litudes over time (De Cat et al., 2015; Meulman et al., 2015). This
is a particularly critical feature of GAMMs, making them optimal
candidates for analysing the complex and multi-dimensional oscil-
latory trends of EEG data. From the researcher’s perspective, this
approach avoids the a priori specification of a time window of in-
terest for a given effect. Instead, it provides a precise estimate for
the time window of this effect. Critically, GAMMs also include ran-
dom intercepts and random slopes to capture random variance, by-
participant and by-item effects, which is similar to LMMs. There-
fore, GAMMs are a powerful approach to analysing EEG data com-
pared to more conventional methods, in particular when examining
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populations that are less frequently featured in the current liter-
ature. In this thesis, we used GAMMs to flexibly model our EEG
data in Chapters 5 and 8.

1.4 The current thesis

As previously outlined, the critical issues of this thesis were the
following: first, to examine and quantify cross-linguistic influence
(CLI) in both non-native comprehension and production. Second,
to characterise the corresponding neural correlates of CLI in the
multilingual brain. Third, to explore the sensitivity of late lan-
guage learners to syntactic irregularities. Fourth, to examine the
individual non-native production stages and the selection of the
target language in light of CLI. Fifth, to investigate the overarch-
ing impact of language similarity between the native language and
the non-native language on non-native comprehension and produc-
tion. Finally, to study the impact of language similarity on cognitive
control. Subsequently, our core research questions were concerned
with the characterisation of the impact of both CLI and language
similarity on the underlying processing mechanisms in late language
learners, both from a behavioural and from a neural perspective.
These issues were explored across a series of experiments, which are
outlined separately in the corresponding chapters. We used a vari-
ety of tasks and analysis techniques within and across several par-
ticipant groups, namely German-Spanish speakers, Italian-Spanish
speakers and Dutch-Spanish speakers, to tap directly into each one
of our critical issues and the corresponding research questions.

In Chapter 2 of this thesis, we examined the effects of CLI
on non-native comprehension in a syntactic violation paradigm in
native German late learners of Spanish. More specifically, we stud-
ied how two CLI effects, namely the gender congruency effect and
the cognate facilitation effect, modulated participants’ ability to
correctly identify gender agreement violations in determiner-noun
pairs, for example [el pato] vs. [*la pato] the duck. In this, we also
sought to characterise the neural correlates of syntactic violation
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processing in the form of the P600 component. This was because
previous research on late language learners was scarce and tended
to suggest a decreased sensitivity of late learners to syntactic viola-
tions. Moreover, we also tested whether and how non-native vocab-
ulary size was related to cognitive control, which is a central feature
of managing CLI between two languages. This study therefore con-
tributed to current research first, with insights into the cumulative
impact of CLI in late language learners and the potential interaction
effect between linguistic features of gender congruency and cognate
status on non-native comprehension; next, with a characterisation
of late language learners’ sensitivity to syntactic violations; and fi-
nally, with a description of CLI in non-native comprehension from
a neural perspective.

In Chapter 3, we reported a study on non-native production
conducted with the same German-Spanish speakers from Chapter 2.
Non-native production is characterised by CLI as well as the neces-
sity to select a target language over a non-target language. Yet, little
research has been done on the impact of CLI on the time course of
non-native production. Therefore, we used two CLI effects, namely
the gender congruency effect and the cognate facilitation effect, to
model the temporal unfolding of the non-native production stages
and their corresponding neural signatures. In other words, we ex-
amined how CLI impacted the timing of the individual production
stage during an overt picture-naming task. Next, we also probed the
locus of target language selection in late language learners, with a
particular focus on the modulation of the P300 component dur-
ing this process. The critical contributions of this particular study
were a nuanced description of CLI effects during the individual
non-native production stages, as well as how these effects impacted
the time course of non-native production. Moreover, we tapped not
only into the mitigation of CLI, but also into the locus of target
language selection and the related neural correlates. Therefore, our
findings were directly relevant for the characterisation of the time
course of non-native production as well as for the debate around
the selection of the target language in late language learners.
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Chapter 4 used the previous two chapters as its starting point
and examined the same issues surrounding CLI in non-native com-
prehension and production in a linguistically more similar language
pair, namely native Italian late learners of Spanish. In other words,
we used an identical theoretical framework and experimental design
to determine whether the results from Chapters 2 and 3 would ap-
ply to speakers of highly similar languages (Italian and Spanish).
Using a syntactic violation paradigm to study non-native com-
prehension, we investigated how gender congruency and cognate
status as representatives of CLI influenced non-native comprehen-
sion mechanisms. Next, we studied whether the Italian-Spanish
speakers also showed a sensitivity to syntactic violations, as re-
flected in the P600 effect. Finally, we asked whether the P600 com-
ponent was modulated by CLI. To examine non-native production,
we used a picture-naming task to probe impact of CLI on the time
course of non-native production and the locus of target language
selection. We were particularly interested in a potential modulation
of the P300 component by CLI. Taken together, our basic question
in this chapter was whether the findings from the previous two
chapters would also prevail with respect to a different multilingual
population.

In Chapter 5 we systematically examined an effect of lan-
guage similarity on CLI in a syntactic violation paradigm in late
language learners with respect to non-native comprehension. More
specifically, we brought together the German-Spanish and Italian-
Spanish speakers studied in Chapters 2 and 4 to ask the funda-
mental questions of whether speakers of highly similar languages
had a processing advantage over speakers of less similar languages,
and whether this notion was traceable both in terms of behaviour
and neural correlates. Subsequently, we examined first, whether
there were distinct neural correlates (i.e., P600 effects) for syn-
tactic violation processing in speakers of linguistically similar vs.
linguistically less similar languages; and second, whether CLI ef-
fects at the level of gender and cognates varied as a function of
language similarity. Crucially, this study allowed us to investigate
language similarity both from the perspective of differential neural
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signatures across groups, but also in terms of CLI effects and what
it meant to be a speaker of highly similar languages at the cognitive
level. Therefore, this work had direct implications for characterising
the relevance of language similarity in non-native comprehension.
Moreover, it contributed novel evidence to the small pool of liter-
ature tackling this particular issue.

Chapter 6 complemented the previous chapter as it included
the direct comparison of the German-Spanish and Italian-Spanish
speakers from Chapters 3 and 4 in terms of non-native produc-
tion. Previous work on language similarity effects in production is
scarce, in particular in combination with electrophysiological meas-
ures. Therefore, the central aim of this study was to investigate
a potential language similarity effect on CLI in speakers of lin-
guistically similar languages (Italian-Spanish) and in speakers of
linguistically less similar languages (German-Spanish) at the beha-
vioural and neural level. In this, we also investigated how gender
congruency and cognate status impacted overt picture-naming in
late language learners. Similar to Chapters 3 and 4, we particularly
focused on the modulation of the P300 component as a function of
both language similarity and CLI. The findings from this study were
relevant for the in-depth examination of the P300 component as an
index for CLI mitigation, and spoke directly to the importance of
language similarity in non-native production.

Chapter 7 went above and beyond the role of language simil-
arity in non-native language processing. Instead, the study repor-
ted in this chapter examined the impact of language similarity on
higher cognitive functions. We described a study exploring the ef-
fect of language similarity on inhibitory control performance using
a spatial Stroop task (Hilbert, Nakagawa, Bindl & Bühner, 2014).
This task is commonly employed to quantify cognitive control in the
form of inhibitory control (Stroop, 1935). Expanding on the notion
of measurable effects of multilingualism on cognitive control, we
asked whether speaking highly similar languages, e.g., Italian and
Spanish, had direct consequences for inhibitory control performance
compared to speaking less similar languages, e.g., Dutch and Span-
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ish. Therefore, the fundamental goal of this study was to explore
whether or not speakers of similar languages (Italian-Spanish) yiel-
ded superior inhibitory control skills compared to speakers of less
similar languages (Dutch-Spanish). This study not only had im-
plications for the relative impact of language similarity on higher
cognitive functioning, but also tapped into the broader notion of
language-specific vs. domain-general consequences of multilingual-
ism on the multilingual mind and brain.

The foundations for the study reported in Chapter 8 were
developed after feedback provided by an anonymous reviewer in
Chapter 2. This particular reviewer highlighted the controversial
nature of the ERP correlates of syntactic violation processing in
native speakers of Spanish in the context of isolated gender agree-
ment violations. Intrigued by the disparity of results with respect
to the elicitation of ERP components during gender agreement vi-
olation processing, we therefore closely examined the corresponding
neural correlates in a population of native Spanish speakers. Not-
ably, this is the only study in this thesis focusing on L1 language
comprehension. Here, we also placed a particular emphasis on using
more advanced statistical methods to model the oscillatory tend-
encies of the EEG signal over time. Subsequently, this study con-
tributed novel evidence to the debate around which could be the
primary ERP component linked to gender agreement processing in
Spanish. The study further examined to which extent some of the
evidence we observed was related to the amount of context given to
readers to identify a gender violation. Finally, the study tapped into
the broader question of whether there are functionally and neuron-
ally distinct ERP signatures for language-specific phenomena across
different (native) languages.

Finally, Chapter 9 served the purpose of integrating the find-
ings from each of the studies reported in this thesis. Therefore, in
this chapter we synthesised our research findings, their theoretical
implications and future directions to form a more general picture
of the question we asked at the very beginning of this thesis: how
does the brain manage multiple languages?



CHAPTER 2

Cross-linguistic interference in late language

learners: An ERP study

This article is published as: Von Grebmer Zu Wolfsthurn, S., Pablos-

Robles, L., & Schiller, N. O. (2021). Cross-linguistic interference in late

language learners: An ERP study. Brain and Language, 221, 104993.

Abstract: This study investigated cross-linguistic interference
in German low-proficient late learners of Spanish. We examined
the modulating influence of gender congruency and cognate status
using a syntactic violation paradigm. Behavioural results demon-
strated that participants were more sensitive to similarities at the
syntactic level (gender congruency) than to phonological and ortho-
graphic overlap (cognate status). Electrophysiological data showed
that they were sensitive to syntactic violations (P600 effect) already
in early acquisition stages. However, P600 effect sizes were not mod-
ulated by gender congruency or cognate status. Therefore, our late
learners of Spanish did not seem to be susceptible to influences from
inherent noun properties when processing non-native noun phrases
at the neural level. Our results contribute to the discussion about
the neural correlates of grammatical gender processing and sensit-
ivity to syntactic violations in early acquisition stages.
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2.1 Introduction

How does our brain implement and represent two or more lan-
guages? This is an important question because it bears on lan-
guage control and processing mechanisms in multilingualism. The
current study focuses on cross-linguistic interference (also cross-
linguistic influence), hereafter CLI. CLI is the interaction of the nat-
ive language and any additional languages, which in turn has effects
on the underlying processing mechanisms (Lemhöfer et al., 2008).
The influence of the native language (L1) on the second (L2) or
third language (L3) and vice versa has been studied across different
linguistic domains, for example phonology and syntax (Cárdenas-
Hagan, Carlson & Pollard-Durodola, 2007; Pika, Nicoladis & Mar-
entette, 2006). A number of studies focusing on CLI between the
languages in a multilingual system showed that it occurred inde-
pendently of the L2 proficiency (Dijkstra & Van Heuven, 2002;
Kroll & Tokowicz, 2005), the linguistic similarity between the lan-
guages (Blumenfeld & Marian, 2007; Cutler, Weber & Otake, 2006),
the orthographic systems of the languages (Hoshino & Kroll, 2008)
and their written scripts (Morford, Wilkinson, Villwock, Piñar &
Kroll, 2011). Furthermore, CLI was demonstrated to occur in lan-
guage production and in comprehension, at different ages of ac-
quisition (AoA) both in adults (Hoshino & Kroll, 2008) and in
children (Poarch & Van Hell, 2012a). Finally, CLI was studied in
bilinguals as well as in late language learners. The latter are in-
dividuals who acquired the L2 or L3 post-puberty in adulthood
(Frenck-Mestre, Anton, Roth, Vaid & Viallet, 2005). For the pur-
pose of this study, we will be discriminating between high-proficient
late language learners, i.e., individuals who have reached high over-
all attainment levels due to high exposure (Midgley, Holcomb &
Grainger, 2011), and low-proficient late language learners, i.e., in-
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dividuals who have not yet reached high attainment levels due to
limited exposure (S. Rossi et al., 2006).

The current study focuses on CLI between grammatical gender
systems in low-proficient late language learners. Broadly speak-
ing, grammatical gender (hereafter gender) is a noun classification
system. It can be used to form syntactic agreement between de-
terminers and nouns, which in turn may form agreement with pro-
nouns and adjectives. Gender is viewed as one of the most complex
grammatical categories (Corbett, 1991) because it represents a lex-
ical as well as a syntactic feature (Klassen, 2016). Gender systems
for nouns differ depending on the language. For example, Italian,
French and Spanish1 (Romance family) have a two-way gender value
system represented by masculine and feminine. German (Germanic
family) has a system with three gender values: masculine, feminine
and neuter. On the other hand, some languages from the Niger-
Congo language family have seventeen or more gender values, e.g.,
Wolof (Babou & Loporcaro, 2016). In L1 acquisition, gender is
known to be mastered relatively early in life (Unsworth et al., 2014).
However, there is considerable variation between languages due to
differing degrees of gender system transparency (Cornips & Hulk,
2008; M. Schwartz et al., 2015). Gender acquisition in a foreign
language frequently represents a challenge for late learners despite
high proficiency levels (Franceschina, 2005; Unsworth, 2008). Sev-
eral studies support the notion of the strong influence of L1 on
acquiring grammatical gender in the foreign language. More spe-
cifically, the interaction of the grammatical gender systems was
shown to result in increased (or decreased) performance in gender
assignment and acquisition (Franceschina, 2002; Paolieri, Padilla,
Koreneva, Morales & Macizo, 2019; Sabourin et al., 2006).

A theoretical account about the representation of grammatical
gender that reflects this notion of interfering gender systems is the

1In Spanish, nouns are either masculine or feminine; but note that the neuter
gender does exist in the form of (demonstrative) pronouns such as “ello”, “esto”
and “aquello”.
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gender-integrated representation hypothesis, GIRH (Salamoura &
Williams, 2007). According to this hypothesis, gender systems are
shared between languages and the same (shared) gender node is
activated when L1 and L2 match in gender. Under this view, words
from L1 and L2 with a contrasting gender activate different nodes,
but these nodes are still shared between languages. In contrast, the
gender-autonomous representation hypothesis, GARH (Costa et al.,
2003), predicts that L1 and L2 gender systems are independent. It
also predicts that only language-specific gender nodes are activated.
Both hypotheses on the possible organisation of the gender system
in L1/L2 allow for testable predictions about CLI. The GIRH pre-
dicts interference from L1 to L2 and vice versa. This should be
manifested in faster processing of congruent nouns compared to
incongruent nouns. Nouns are defined as gender congruent when
the gender values for nouns match across languages, for example
for the noun [forest] in German and Spanish: derM Wald and elM
bosque. Nouns are gender incongruent when the gender values for
nouns do not match across languages, for example for the noun
[duck] in German and Spanish: dieF Ente and elM pato. Faster pro-
cessing of congruent nouns occurs provided that the gender values
across German and Spanish overlap at the conceptual level for the
speaker. This processing facilitation effect was established as the
gender congruency effect (Klassen, 2016) and is discussed in sec-
tion 2.1.1. In contrast, the GARH does not predict interference
and therefore no processing advantage of gender congruent items
over gender incongruent items in terms of processing latencies. The
GIRH has received substantial support in the literature (Bordag
& Pechmann, 2007; Lemhöfer et al., 2008; Morales et al., 2016;
Salamoura & Williams, 2007).

Critically, there is a second linguistic property which could be
a potential contributor to the faster processing of gender congru-
ent items, namely cognate status. Cognate status is an intrinsic
property to noun stimuli. It is frequently manipulated in multilin-
gual studies, see for example Lemhöfer, Dijkstra and Michel (2004).
Cognates are words which overlap in their semantic, phonological
and orthographic forms (Janyan & Hristova, 2007; C. Li & Gol-
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lan, 2018). For example, the words trono [throne] in Spanish and
Thron [throne] in German represent the category of cognate nouns,
whereas bosque [forest] in Spanish and Wald [forest] in German are
examples of non-cognate nouns. Numerous studies demonstrated
faster processing of cognates over non-cognates in adult and child
populations (Bosma et al., 2019; Hoshino & Kroll, 2008). This was
termed the cognate facilitation effect (Costa, Santesteban & Caño,
2005; De Groot & Nas, 1991). The cognate facilitation effect was
proposed to reflect CLI of the phonological systems of the two lan-
guages (Costa et al., 2005). Word production and comprehension
tasks such as lexical decision tasks (Lemhöfer & Dijkstra, 2004),
translation tasks (Davis et al., 2010) and picture-naming tasks
(Hoshino & Kroll, 2008) showed that cognates were more suscept-
ible to CLI compared to non-cognates.

Further supporting evidence for the cognate facilitation effect
came from recent studies using behavioural paradigms in combin-
ation with electroencephalography, or EEG (Midgley et al., 2011).
EEG is a non-invasive technique of recording brain activity and ex-
ploring online cognitive processes (Woodman, 2010). Researchers in
EEG studies frequently focus on event-related potentials (ERPs),
i.e., distinct brain oscillation patterns that arise in response to a
particular stimulus or cognitive process. For example, Midgley et al.
(2011) found distinct neural patterns for cognates vs. non-cognates
in a semantic decision task. This notion manifested itself in lar-
ger N400 amplitudes for non-cognates compared to cognates for L1
English – L2 French highly proficient late learners. The N400 ERP
component was previously associated with lexical and semantic in-
tegration, as well as lexical pre-activation and prediction (Szewczyk
& Schriefers, 2018). The results were interpreted as showing greater
ease of lexical and semantic integration for cognates compared to
non-cognates.

To this date, it is unclear whether gender congruency and cog-
nate status play a joint role in modulating foreign language pro-
cessing and the associated neuronal patterns. Both are intrinsic
properties of nouns that could drive CLI between two languages.
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Previous studies did not systematically control for both properties,
for example Costa et al. (2003), Lemhöfer and Dijkstra (2004), but
see Lemhöfer et al. (2008). In the current study, we build on pre-
vious research by Lemhöfer et al. (2008), who manipulated both
gender congruency and cognate status to examine their modulat-
ing role in CLI. In addition to behavioural measures as collected
in Lemhöfer et al. (2008), we collected electrophysiological data to
characterise CLI from an electrophysiological perspective in late
language learners. To the authors’ knowledge, this represents a
unique constellation in terms of design and the population of in-
terest.

2.1.1 The gender congruency effect

While the cognate facilitation effect demonstrates the interac-
tion of the phonological systems of different languages, the gender
congruency effect reflects the interaction amongst the grammat-
ical gender systems of the languages within a multilingual system
(Bordag & Pechmann, 2007; Klassen, 2016; Morales et al., 2016).
It manifests itself in faster processing of gender congruent nouns
compared to gender incongruent nouns. Therefore, this effect sup-
ports the notion of gender system interference and the GIRH of
grammatical gender representation in bilinguals and late learners.
The majority of studies supporting GIRH focused on intermedi-
ate (≥ 3 years of language exposure) to highly proficient speakers
(Bordag & Pechmann, 2007; Lemhöfer et al., 2008; Morales et al.,
2016). In other words, the focus was on balanced or close to bal-
anced simultaneous bilinguals, early bilinguals, and highly profi-
cient late learners within the B2/C1/C2 proficiency range according
to the Common European Framework of Reference for Languages
(Council of Europe, 2001), hereafter CEFR. Only a few studies
focused on CLI effects and the gender congruency effect in late
language learners with low to moderate proficiency (Hahne, 2001;
S. Rossi et al., 2006). Therefore, it remains unclear whether the
findings from these studies (Bordag & Pechmann, 2007; Costa et
al., 2003; Lemhöfer et al., 2008; Morales et al., 2016) are applic-
able to late language learners (AoA > 12 years of age) with low
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to intermediate proficiency levels within the A1/A2/B1/ B2 range
and low exposure to the language (< 3 years). Our study aimed to
contribute with new cross-linguistic evidence to the study of CLI of
grammatical gender systems in late language learners with low to
moderate (< 3 years of exposure) proficiency levels in the B1/B2
range. Further, a central focus of our study was to characterize the
neural signature of CLI for which we hypothesised distinct neuronal
patterns, as discussed in section 2.1.2.

2.1.2 CLI of grammatical gender and neural
signatures

The majority of studies mentioned above aimed to characterise
CLI in multilingual speakers from a behavioural perspective. Rel-
atively recently, studies began to focus on the neural components
of CLI in combination with ERPs (Ganushchak, Verdonschot &
Schiller, 2011; Midgley et al., 2011). In the literature, there is an
ongoing debate about the elicitation of the P600 ERP component in
late language learners (Steinhauer et al., 2009; Van Hell & Tokow-
icz, 2010). The P600 effect was linked to syntactic phrase violations.
It is reflected in a positive deflection of the EEG signal around 600
ms after stimulus onset in centro-parietal regions (Nichols & Joan-
isse, 2019; Osterhout, Mclaughlin, Pitkänen, Frenck-Mestre & Mo-
linaro, 2006; S. Rossi et al., 2006; Steinhauer et al., 2009). More spe-
cifically, studies using this paradigm described more positive P600
amplitudes for syntactic violations compared to non-violations.

The P600 effect was reliably reported as an index for syntactic
violations in highly proficient late learners with several years of ex-
posure (Foucart & Frenck-Mestre, 2011; Gillon-Dowens, Vergara,
Barber & Carreiras, 2010). For these learners, the P600 was also
found to have a more bilateral distribution compared to the P600
effect in monolinguals (S. Moreno, Bialystok, Wodniecka & Alain,
2010). In contrast, studies on less proficient late learners (AoA >
12 years of age) frequently did not find a P600 effect in syntactic
violation paradigms. This was the case for example for Chinese



24 From oscillations to language

late learners of English (Weber-Fox & Neville, 1996), Russian late
learners of German (Hahne, 2001) and Japanese late learners of
German (Hahne & Friederici, 2001). These results contrast with
work by S. Rossi et al. (2006) who provided evidence of a smal-
ler and delayed P600 effect around 1,000 ms in a syntactic viol-
ation paradigm in low-proficient Italian late learners of German.
Another study on low-proficient English late learners of Spanish
found evidence for a P600 effect in the violation trials between
500 ms and 900 ms (Tokowicz & MacWhinney, 2005). However,
it neither showed a reduction nor delay of the P600 amplitudes.
Moreover, Foucart and Frenck-Mestre (2011), who employed a syn-
tactic violation paradigm combined with EEG on French mono-
linguals and proficient German-French late learners, found larger
P600 amplitudes for gender congruent violation trials compared to
incongruent violation trials (i.e., matching gender values affected
L2 syntactic processing in L2 French speakers) for German-French
late learners. This indicated distinct neural patterns for processing
gender congruent vs. gender incongruent nouns. Taken together,
the findings above from studies with late language learners with
low to moderate proficiency levels and low exposure have provided
contradictory findings until now: they found either an absent, a
smaller or a delayed P600 effect. However, research in proficient
late learners also suggests a modulation of the P600 effect as a
function of gender congruency (Foucart & Frenck-Mestre, 2011),
which warrants further investigation. It is worth adding that stud-
ies on syntactic violation processing in native speakers show varying
findings in terms of ERP patterns. On one hand, some studies on
Spanish native speakers reported N400/P300 effects for syntactic
violations in noun-adjective and determiner-noun pairs (Barber &
Carreiras, 2005, 2003). On the other hand, studies also reported
biphasic N400/P600 patterns for syntactic and semantic violations
in sentences (Mart́ın-Loeches, Nigbur, Casado, Hohlfeld & Sommer,
2006; Wicha, Moreno & Kutas, 2004). Critically, these studies in-
clude a strong semantic component in the experimental design. Fi-
nally, the ERP literature on native speakers also revealed the more
typical P600 effect for syntactic violations, frequently in combina-
tion with the LAN, in languages such as Spanish, English and Ger-
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man (Barber & Carreiras, 2005; Hasting & Kotz, 2008; Molinaro,
Barber & Carreiras, 2011; Münte, Matzke & Johannes, 1997; Oster-
hout & Mobley, 1995). In our study on late language learners, we
exclusively focused on the P600 effect as it was more reliably repor-
ted for syntactic violations for multilinguals and language learners
(Foucart & Frenck-Mestre, 2011; S. Rossi et al., 2006; Tokowicz &
MacWhinney, 2005).

2.1.3 The current study

Behavioural and electrophysiological research on CLI in German
late language learners of Spanish (AoA > 12 years of age) with
low to moderate proficiency levels (B1/B2) is scarce. Therefore,
the present study explored the modulating role of gender congru-
ency and cognate status on CLI effects. Our speakers were native
German speakers who were late learners of Spanish (AoA > 16
years of age) with low exposure to Spanish (< 3 years). The aim of
the study was threefold: first, we explored CLI from a behavioural
and an electrophysiological (EEG) perspective. More specifically,
we considered grammatical gender processing in the comprehen-
sion domain. Secondly, we examined a potential interaction effect
of gender congruency and cognate status on processing accuracy
and response latencies by employing a syntactic violation paradigm
with Spanish noun phrases (NPs). The NPs consisted of “determ-
iner + noun” sequences (Foucart & Frenck-Mestre, 2011). Within
these NPs, we systematically manipulated gender congruency and
cognate status of the target nouns with respect to the determiner
they appeared with. This was to further explore the interaction
between the gender congruency effect and the cognate facilitation
effect. Lastly, we expanded on existing research on CLI effects in
symmetric gender systems (e.g., Italian and Spanish) for highly pro-
ficient bilinguals (Paolieri et al., 2019; Salamoura & Williams, 2007)
by examining CLI effects in German late learners of Spanish. Crit-
ically, we placed a strong focus on exploring ERP signatures in late
language learners with low proficiency levels alongside behavioural
measures. This design represented a significant extension of previ-
ous studies (Costa et al., 2003; Foucart & Frenck-Mestre, 2011) in
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that these studies manipulated gender congruency alone, and not
cognate status, and they examined highly proficiency speakers.

Further, we aimed to relate proficiency levels to inhibitory skills
in late learners. Inhibitory skills are closely related to CLI: bilin-
guals and late language learners need to successfully manage inter-
ference between the languages, for example, in situations in which
one language is more appropriate. It has previously been proposed
that bilinguals and late language learners regulate parallel activ-
ation by means of inhibition (Bialystok, Craik & Luk, 2008). In
bilingual research, the Stroop task has been frequently used to char-
acterise bilingual inhibitory skills (Costa, Albareda & Santesteban,
2008; Goldfarb & Tzelgov, 2007). However, it has been scarcely im-
plemented for late language learners. Therefore, we incorporated
an implicit measure of these skills into our design, i.e., an adap-
ted version of the Stroop task (MacLeod, 1992). The Stroop task
is characterised by the absence or presence of a conflict inherent to
a stimulus, traditionally resulting in a congruent and incongruent
condition, respectively. The Stroop effect quantifies the difference
in response times between the congruent and incongruent condi-
tion. Critically, a smaller Stroop effect has been previously associ-
ated with better inhibitory skills (Bialystok et al., 2008) and higher
proficiency (Lev-Ari & Peperkamp, 2013) in bilingual studies. For
example, Blumenfeld and Marian (2013) presented evidence that
high-proficient Spanish – English bilinguals yielded smaller Stroop
effects compared to low-proficient Spanish – English bilinguals. Rel-
evant for our purposes, Lemhöfer and Broersma (2012) associated
LexTALE vocabulary size scores between 60% and 80% as B2 level
for Dutch – English bilinguals (Table 2.1). Scores below 60% were
associated with level B1 and lower. This implies a positive link
between proficiency and vocabulary size. Importantly, it was previ-
ously shown that participants who scored higher on this task had
more in-depth knowledge of a language, not only in terms of know-
ing specific lexical items, but also with respect to their knowledge
of phonological and orthographic rules (Diependaele, Lemhöfer &
Brysbaert, 2013). Since it is still an open question whether these
results hold for late language learners with low to moderate profi-
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ciency levels, we further investigated the relationship between in-
hibitory skills and vocabulary size. In the present study, vocabulary
size was measured using the LexTALE-Esp (Izura, Cuetos & Brys-
baert, 2014). This Spanish version is based on the original LexTALE
by Lemhöfer and Broersma (2012).

Table 2.1: Relation between English proficiency levels and LexTALE
scores in native Dutch speakers, from Lemhöfer and Broersma (2012).

CEFR level CEFR description LexTALE score

C1 and C2 lower and upper
advanced/proficient user

80% - 100%

B2 upper intermediate 60% - 80%
B1 and lower lower intermediate and lower below 59%

In addition to the Stroop task and the LexTALE-Esp, we meas-
ured participants’ EEG in a syntactic violation paradigm while they
were visually exposed to sets of Spanish NPs. The results from
this study have important implications for characterising multi-
lingual gender processing in low-proficient late language learners.
Moreover, they provide further insight into the acquisition and the
representation of grammatical gender in those speakers. Taken to-
gether, we investigated the following questions: whether processing
accuracy and response latencies of Spanish NPs were modulated by
gender congruency and cognate status, whether a P600 effect was
present in late learners, and finally, whether this P600 effect was
modulated by gender congruency or cognate status.

Hypotheses

For the Stroop task, we expected an effect of condition: if the
word left (links/ izquierda) appeared on the left side of the screen
(representing a congruent trial), we predicted faster response times
(hereafter RTs) compared to when the word left appeared on the
right side of the screen (representing an incongruent trial). The
same applied to the word right (rechts/ derecha). Moreover, in line
with previous results, we hypothesised that a smaller Stroop ef-
fect reflecting better inhibitory skills would be positively correlated
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with a higher vocabulary score in the LexTALE-Esp (Blumenfeld
& Marian, 2013; Lev-Ari & Peperkamp, 2013).

For the violation paradigm task, we predicted higher accuracy
rates and shorter RTs for non-violation trials compared to viola-
tion trials (i.e., trials where the gender assignment was correct vs.
incorrect). This would be behavioural evidence for the differential
processing of NPs containing a syntactic violation compared to NPs
which did not. More importantly, we also predicted higher accuracy
and shorter RTs for congruent trials (i.e., gender values matched
across German and Spanish) compared to incongruent trials (i.e.,
gender values did not match). This in turn would be evidence for
CLI of the grammatical gender systems of German and Spanish.
Critically, we expected a joint effect between gender congruency
and cognate status : congruent cognate trials should elicit faster RTs
and higher accuracy rates compared to incongruent non-cognate tri-
als. This would also be evidence for CLI of the phonological and
orthographic word forms during NP processing in Spanish.

For the EEG data recorded during the violation paradigm task,
we first expected a P600 effect for late learners (S. Rossi et al.,
2006; Tokowicz & MacWhinney, 2005). This would be reflected
in more positive voltage amplitudes for violation trials compared
to non-violation trials, which represents the P600 effect. Second,
we expected at least some modulation of P600 effect sizes due to
an interaction of gender congruency and cognate status: we hy-
pothesised a larger P600 effect for congruent cognates as a result
of facilitatory interference from German compared to incongruent
non-cognates. For the latter, we hypothesised that interference from
German would slow down processing of a violation. In line with our
behavioural hypotheses, this would be neural evidence for a P600
effect in late learners. Further, it would be neural evidence for CLI
of the German and Spanish gender systems while processing Span-
ish violation NPs.
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2.2 Methods

2.2.1 Participants

We recruited thirty-three right-handed native German parti-
cipants (twenty-seven females) from the University of Konstanz
(Germany) with a B1/B2 Spanish proficiency level in accordance
with the CEFR (Council of Europe, 2001). All participants received
a monetary compensation for their participation. Mean age of par-
ticipants was 23.06 years (SD = 2.47). At the time of testing, none
of the participants reported any learning or reading disorders, hear-
ing impairments, visual impairments, psychological or neurological
impairments. Participants’ linguistic profile was assessed through
an adapted version of the LEAP-Q Language Experience and Profi-
ciency Questionnaire (Marian, Blumenfeld & Kaushanskaya, 2007),
carried out with the original author’s permission. The LEAP-Q was
distributed prior to the experimental session via a home-based ad-
ministration. This was done in an effort to obtain both an exhaust-
ive description of participants’ language use as well as descriptive
proficiency measures. Furthermore, we increased ecological validity
because no experimenter was present and social pressure was there-
fore reduced (Johnson & Fendrich, 2005; Rosenman, Tennekoon &
Hill, 2011). Complying with the Ethics Code for linguistic research
at the Faculty of Humanities at Leiden University, participants
signed an informed consent form prior to their participation.

LEAP-Q: Linguistic profile of participants

In the LEAP-Q, the vast majority of the thirty-three parti-
cipants (n = 31) indicated that English was their first foreign lan-
guage (L2) after acquiring L1 German, with MAOA = 8.90 (SDAOA

= 1.90). The remaining two participants learnt French as their first
foreign language (L2) with MAOA = 8.5 (SDAOA = 2.5). Sixteen
participants reported learning Spanish as a second foreign language
(L3). Fifteen participants disclosed Spanish as their third foreign
language (L4). Finally, two participants reported Spanish as their
fourth foreign language (L5). See Appendix 2.A for details about
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the linguistic background reported by the participants. With re-
gards to Spanish, the main language of interest in this study, the
mean age of acquisition was MAOA = 16.29 (SDAOA = 2.39). The
self-reported fluency age was MAOA = 18.53 (SDAOA = 2.29), and
reading onset age was MROA = 17.27 (SDROA = 3.03). A total of
thirty-one participants spent on average M = 0.96 years (SD =
0.69) in a Spanish-speaking country (e.g., Spain, Chile, Argentina,
Puerto Rico, Colombia). On a scale from zero to ten (ten corres-
ponding to reporting maximal proficiency), participants quantified
their speaking proficiency with M = 6.76, (SD = 1.00); listening
comprehension proficiency with M = 7.34 (SD = 0.92); and finally,
reading proficiency with M = 7.18 (SD = 1.07). At the time of
testing, participants were exposed to Spanish through interaction
with Spanish native speakers, radio shows, television, reading or
self-instructions on average M = 3.12 (SD = 2.31) on a scale from
zero to ten (with ten being maximally exposed to the language).
This compared to an average exposure of M = 5.20 (SD = 2.48)
for the L2, and to M = 1.34 (SD = 2.04) for their L3. Further,
participants indicated the order of known languages in terms of
which language they felt they were most proficient in at the time of
testing (current perceived proficiency). Despite the fact that most
of the participants formally acquired Spanish as their L3, four par-
ticipants nevertheless reported Spanish as their current perceived
L2, and twenty-six participants as their current perceived L3. In
other words, most participants reported that their Spanish levels
were equivalent to their L3. This was taken as a proxy indicator for
their confidence in their language skills for Spanish.

2.2.2 Materials and design

During the experimental session, participants completed three
experimental tasks. We first measured their Spanish vocabulary
size in the LexTALE-Esp (Izura et al., 2014). They then com-
pleted a Stroop task to measure inhibitory skills (MacLeod, 1992).
Finally, participants performed a violation paradigm task which
examined grammatical gender processing in Spanish (Foucart &
Frenck-Mestre, 2011). Participants’ EEG was measured exclusively
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during the last task. All three experimental tasks were programmed
in E-Prime 2.0 (Psychology Software Tools, Inc.).

LexTALE-Esp

For the LexTALE-Esp, we transformed the original Spanish pen-
and-paper version (Izura et al., 2014) into a computer-based equi-
valent for administration in the laboratory.

Stroop task

For the Stroop task, the stimuli were translation equivalents of
the words left and right in German and Spanish (links, rechts, and
izquierda, derecha, respectively). Participants were asked to respond
to a target word while ignoring its location on the screen. This task
served as a measure for inhibitory skills, which was subsequently
correlated with performance on the LexTALE-Esp to establish a
potential correlation between inhibitory skills and proficiency.

Violation paradigm task

For the violation paradigm task, stimuli nouns were taken from
the MultiPic database (Duñabeitia et al., 2018) and the Spanish
Frequency Dictionary (Davies & Davies, 2017). The MultiPic data-
base includes 750 coloured drawings of common objects. They were
standardised for name agreement across a range of languages, in-
cluding Spanish, British English, German, Italian, French, Dutch
(Belgium) and Dutch (The Netherlands). We selected the nouns
where participants had provided the highest percentage of the cor-
rect name of the object, and items where they most often gave
the most frequent name of the object across German and Span-
ish. We also selected additional highly frequent nouns from the
Spanish Frequency Dictionary (Davies & Davies, 2017). We then
assigned each noun a gender congruency status (congruent or in-
congruent in German and Spanish) and a cognate status (cognate or
non-cognate in German and Spanish) on the basis of the semantic,
orthographic and phonological overlap these nouns had across Ger-
man and Spanish. We omitted identical cognates (e.g., das Taxi
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– el taxi [the taxi]), nouns which take a plural form in German or
Spanish (e.g., die Brille – las gafas [the glasses]), professions with a
biological gender (e.g., die Tänzerin – la bailarina [the female dan-
cer]), English loan words (e.g., der Boomerang – el boomerang [the
boomerang]), ambiguous gender assignment cases which commonly
elicit debates among native Spanish speakers, such as el ancla [the
anchor] (feminine gender but determiner takes the masculine form
due to initial stress and /a/ onset); and lastly, nouns which had
two translation equivalents with opposing genders (e.g., der Esel –
la mula/el burro/el asno [the donkey]) to avoid ambiguity. An addi-
tional relevant feature of the stimuli for this task was the systematic
matching of terminal morphemes to the natural distribution of word
endings in Spanish (Appendix 2.B). This was modelled after work
by Clegg (2011). As discussed by Sá-Leite, Fraga and Comesaña
(2019), terminal phonemes cannot be taken as strict cues to infer
the grammatical gender, despite being probabilistic cues. In addi-
tion, excluding nouns on the basis of their terminal phonemes would
drastically decrease the ecological validity of our stimuli. Finally, we
created a balanced masculine-to-feminine stimuli ratio with 55.36%
and 44.64%, respectively, in line with research by Eddington (2002)
and Bull (1965). In comparison, in German 38.8% of monomorph-
emic nouns are masculine, 35.4% are feminine and 25.9% are neuter
(Schiller & Caramazza, 2003).

2.2.3 Procedure

LexTALE-Esp

We first administered the LexTALE-Esp task to determine par-
ticipants’ vocabulary size in Spanish. The test consisted of a visual
lexical decision task in Spanish. Participants were presented with
a letter string on the screen and had to decide via a button press
whether or not this letter string was part of the Spanish lexicon.
Letter strings were presented along the horizontal midline. Thirty
of the eighty-seven items were pronounceable Spanish pseudowords
(e.g., grodo), whereas fifty-seven items were Spanish words. Three
words were excluded from the original stimulus set due to overlap
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with our experimental stimuli. This resulted in thirty pseudoword
trials and fifty-seven word trials. Each letter string was presented
once. A typical trial was initiated by a fixation cross of a dura-
tion of 1,000 ms, followed by a single letter string display until the
participant’s response. Post-test, we calculated a vocabulary size
score (percentage of correctly identified words minus percentage of
incorrectly identified pseudowords). The maximum score was 100.
Participants were told that incorrectly assigning the word status to
a pseudoword would lead to a deduction of points from the final
score.

Stroop task

The second task of the study was the Stroop task, which fea-
tured a conflict between the target word and the location of the
target word. It consisted of two blocks, one for target words in Ger-
man, and one for Spanish. Each block consisted of ninety-six trials,
with a total of 192 experimental trials for both target languages.
Trial order was randomised in both blocks. Prior to completing
the first block, we included four practise trials to familiarise par-
ticipants with the procedure. Upon initiation of a trial, a fixation
cross was displayed for 500 ms on a white screen, followed by the
display of the target word for 1,000 ms. In the first block, parti-
cipants were presented with exclusively German target words, e.g.,
“links” or “rechts” for left or right, respectively. The target word
appeared either on the left or the right side of the screen along the
horizontal midline. Participants were visually instructed in German
to indicate whether the word corresponded to the word “left” or the
word “right”, while ignoring the location of the target word on the
screen. Half of the trials were congruent, i.e., the target word and
the location of the target word matched, and the other half was in-
congruent, i.e., the target word and the location of the target word
did not match. The procedure in the second block was identical,
however the instructions and the targets were displayed in Span-
ish. Therefore, the target words were “izquierda” and “derecha”
for left and right, respectively. We opted to present the Spanish
block in second place to induce a bilingual mode in our participants
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(Grosjean, 2012; Stocker & Berthele, 2020) in preparation for the
subsequent violation paradigm task conducted in Spanish.

Violation paradigm task

As our final task, we implemented an EEG version of a syntactic
violation paradigm similar to that used by Foucart and Frenck-
Mestre (2011). In contrast to Foucart and Frenck-Mestre (2011),
we opted for the presentation of an NP as opposed to a full sen-
tence to reduce automatic prediction of an upcoming noun or gender
category. This prediction process was previously linked to an N400
effect (Szewczyk & Schriefers, 2018). We included eight practice
trials to familiarise participants with the task procedure. Four of
the practice trials contained complex infrequent nouns typically
unknown to low-proficient learners of Spanish at the B1/B2 level
(e.g., estiércol [dirt]). This was an additional measure whether par-
ticipants were reliable in their answers about familiarity with the
noun. The task procedure was as follows: we first presented par-
ticipants with a fixation cross for 1,000 ms. Then they were visu-
ally presented with a single target noun (e.g., bosque [forest]) along
the horizontal midline. Participants indicated whether or not they
were familiar with the noun. We then presented participants with
the same target noun within an NP configuration (i.e., determiner
+ noun: elM bosqueM [the forest]) for 3,000 ms, or until a button-
press response was registered. Participants’ task was to indicate as
accurately and as fast as possible whether the NP was grammatic-
ally correct. While participants were exposed to the NP, their EEG
was recorded.

The task design was a full factorial design (2 x 2 x 2) with
three independent variables adding to a total of eight conditions:
half of the presented noun phrases were violation trials, where the
determiner was grammatically correct (e.g., elM bosqueM), whereas
the other half were violation trials (e.g., laF bosqueM). Of both the
violation and non-violation trials, we manipulated gender congru-
ency, i.e., half of the trials had matching gender values across lan-
guages (congruent trials), whereas the other half had non-matching
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gender values (incongruent trials). Finally, we manipulated cognate
status of nouns: half of the trials were cognates (cognate trials),
and the other half were not (non-cognate trials). See Table 2.2 for
a sample set of stimuli. Target nouns were controlled for frequency,
and number of syllables (M = 2.74, SD = 0.81). There were twenty-
eight trials for each of the eight conditions, adding up to 224 trials.
Trial order was fully randomised to present each participant with a
unique order of trials. Participants were given short breaks through-
out the task. Furthermore, we reminded participants through a text
display to give fast and accurate responses. Upon termination of all
three tasks, participants were given a debrief letter and were asked
to sign the final consent form.

Table 2.2: Sample set of stimuli for the violation paradigm task, illus-
trating the three manipulations: violation type, gender congruency and
cognate status.

non-violation

congruent incongruent

cognate
German derM TraktorM dieF GarageF
Spanish elM tractorM elM garajeM

the tractor the garage

non-cognate
German derM WaldM dieF EnteF
Spanish elM bosqueM elM patoM

the forest the duck

violation

congruent incongruent

cognate
German derM ThronM dieF PistazieF
Spanish *laF tronoM *laF pistachoM

the throne the pistachio

non-cognate
German dieF TreppeF dieF ReiseF
Spanish *elM escaleraF *laF viajeM

the stairs the trip
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EEG recordings

The EEG data were collected with passive electrodes using the
BrainVision Recorder software 1.10 (Brain Products GmbH). We
used a standard 32-electrode 10/20 montage at a sampling rate of
500 Hz (Appendix 2.C). We recorded the vertical electrooculogram
(VEOG) from one external facial electrode placed below the parti-
cipant’s left eye. We also recorded the horizontal electrooculogram
(HEOG) from two electrodes at the outer canthus of each eye. The
EEG recording was originally referenced to the central electrode
Cz. It was later re-referenced offline to the mastoid electrodes TP9
and TP10. The ground electrode was placed on the right cheek of
participants. We configured electrodes via the actiCAP 2 software
(Brain Products GmbH) to ensure optimal conductivity. Imped-
ances were kept below 10 kΩ. for the cap and eye electrodes, and
below 5 kΩ. for the ground and reference electrode.

2.3 Results

2.3.1 Behavioural data exclusion

Stroop task data from one participant were excluded because of
a failure to follow the task instructions. For the analysis of the RTs
of the Stroop task, we considered only correct trials. For the viola-
tion paradigm task, we only included correct and familiar trials in
the analysis, i.e., where participants indicated familiarity with the
single target noun. This was to minimise the risk of employing (con-
founding) guessing strategies during the main experimental trials.

2.3.2 Behavioural data analysis

LexTALE-Esp scores were computed offline and added as a vari-
able in the analysis for the Stroop task. We calculated Stroop effects
by subtracting the RTs in the congruent condition from the RTs in
the incongruent condition. Behavioural data from the Stroop task
and the violation paradigm task were analysed using R and RStu-
dio (R Core Team, 2020). For both tasks, we modelled accuracy
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and RTs separately following a mixed effect model approach using
the lme4 package (Bates et al., 2020). We employed a generalised
linear mixed effect model (GLMM ) using the glmer() function with
a binomial distribution and a gamma distribution to model the bi-
nomially distributed accuracy data and positively skewed RT data,
respectively. In contrast, we fitted a linear mixed model (LMM )
using the lmer() function to generate mixed effects models for our
normally distributed RT data. Absolute t-values > 1.96 were inter-
preted as statistically significant with α = 0.05 (Alday, Schlesewsky
& Bornkessel-Schlesewsky, 2017). Random effects were chosen to be
as maximal as possible without over-parameterisation to balance
Type-I errors and power (Matuschek et al., 2017).

We followed a maximal model building approach where we main-
tained the simplest possible model structure in light of our main
manipulations (Bates, Kliegl, Vasishth & Baayen, 2018; Winter,
2019). These were condition for the Stroop task, and violation type,
gender congruency and cognate status for the behavioural analysis
of the violation paradigm task. For the Stroop task, we also ad-
ded LexTALE-Esp score as a covariate. For the violation paradigm
task, we included LexTALE-Esp score, order of acquisition of Span-
ish (i.e., whether Spanish was acquired as L3 vs. L4 vs. L5), ter-
minal phoneme, Stroop effect and target noun gender as potential
covariates. The model selection procedure was as follows: we con-
structed separate models with different predictor variables (with
and without interactions and random slopes). We subsequently per-
formed model fit checks by plotting the model residuals against pre-
dicted values. We used the anova() function to perform model com-
parisons and likelihood ratio tests on the basis of the Akaike’s In-
formation Criterion, AIC (Akaike, 1974), the Bayesian Information
Criterion, BIC (Neath & Cavanaugh, 2012) and the log-likelihood in
order to establish the best-fitting model for our data. Where applic-
able, we performed Tukey corrected post-hoc contrasts to estimate
effect sizes using the emmeans() function (Lenth et al., 2019).
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2.3.3 Behavioural data results

LexTALE-Esp

LexTALE-Esp scores were calculated by subtracting the per-
centage of incorrect word identifications from correct word iden-
tifications (percentage-yes-responses to words minus percentage-
yes-responses to pseudowords). All of our speakers fell into the
B1 level category or below according to their LexTALE-Esp scores
(Lemhöfer & Broersma, 2012). The mean LexTALE-Esp score was
M = 18.91 (SD = 20.45). There was a large variation in scores
with a range from –23 to 60. Note that scores were not taken as an
absolute measure for proficiency but as a measure for vocabulary
size.

Stroop task

We first examined Stroop effects for each target language sep-
arately. In a second step, we explored whether Stroop effects cor-
related with LexTALE-Esp vocabulary size scores. A summary of
mean accuracy rates and RTs for the target languages German and
Spanish is shown in Table 2.3.

Table 2.3: Descriptive statistics for both target languages for each con-
dition (n = 32).

Accuracy RTs (ms)

German Mean (SD) Mean (SD)

congruent 0.951 (0.216) 603 (130)
incongruent 0.928 (0.258) 616 (119)

Stroop effect 0.023 13

Spanish Mean (SD) Mean (SD)

congruent 0.956 (0.204) 556 (110)
incongruent 0.938 (0.242) 576 (108)

Stroop effect 0.02 20
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German Target Block. For accuracy rates, we fitted a GLMM
and explored condition (congruent vs. incongruent) as fixed effect,
subject and item as random effects. Our final model for the accur-
acy data included condition as a fixed effect, and subject and item
as random effects (Appendix 2.D). By-subject random slopes for
condition did not significantly improve the model fit χ2(2, n = 32)
= 2.02, p = 0.364, and neither did LexTALE-Esp score as a covari-
ate, which yielded singular fit. Accuracy for the congruent condition
was significantly different with β = 0.659, 95% CI [0.437, 0.994], z =
-1.99, p = 0.047 compared to the incongruent condition, i.e., parti-
cipants were significantly more accurate in the congruent condition
compared to the incongruent condition (Figure 2.1). The model of
best fit was: accuracy ∼ condition + (1|subject) + (1|item).

We followed a similar analysis approach for the RTs, for which
we fitted an LMM. The model of best fit contained condition and
LexTALE-Esp score as an interaction effect, and subject as random
effect (Appendix 2.D). However, the interaction effect was not sig-
nificant with β = -0.014, 95% CI [-0.410, 0.382], t = -0.069, p =
0.945. Participants were significantly faster in the congruent con-
dition with β = 13.08, 95% CI [2.48, 23.68], t = 2.42, p = 0.016
compared to the incongruent condition (Figure 2.1). The model of
best fit was: RTs ∼ condition * LexTALE-Esp score + (1|subject).
In sum, we found an effect of condition on both accuracy rates
and RTs when participants were exposed to the target words in
German. In a final step, we calculated the Stroop effect (RTs in-
congruent condition minus RTs congruent condition) for the Ger-
man targets for each participant in order to explore a correlation
between better inhibitory control skills (i.e., a smaller Stroop ef-
fect) and higher LexTALE-Esp scores indexing vocabulary size in
Spanish. The range of the Stroop effect was -57.73 ms to 62.49 ms.
We correlated the Stroop effect with the LexTALE-Esp score for
each participant. We did not find evidence for a correlation between
LexTALE-Esp scores and the size of the Stroop effect for German
targets (R = 0.014, p = 0.94).
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Figure 2.1: Mean accuracy rates for each participant (A) and mean RTs
(B) for German Stroop targets (n = 32).

Spanish Target Block. We followed a similar procedure for
the Spanish targets. The GLMM of best fit for accuracy rates in-
cluded condition as fixed effect and subject as random effect (Ap-
pendix 2.E). The model highlighted that participants were once
again more accurate in the congruent compared to the incongruent
condition with β = 0.676, 95% CI [0.491, 0.930], z = -2.41, p =
0.016 (Figure 2.2). The best-fitting model was: accuracy ∼ condi-
tion + (1|subject). The LMM of best fit for RTs included condition
as main effect and subject as random effect, while LexTALE-Esp
score did not emerge as a covariate (Appendix 2.E). There was a
significant difference for RTs between the congruent and the incon-
gruent condition with β = 20.55, 95% CI [13.44, 27.65], t = 5.67, p
< 0.001. Participants were statistically faster in the congruent com-
pared to the incongruent condition (Figure 2.2). The model of best
fit was: RTs ∼ condition + (1|subject). Finally, we tested whether
there was a correlation between the Stroop effect and LexTALE-Esp
scores. With R = 0.024 and p = 0.900, we did not find supporting
evidence for a positive correlation between a smaller Stroop effect
and higher LexTALE-Esp scores. This mirrored the results from
the German targets.
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Figure 2.2: Mean accuracy rates for each participant (A) and mean RTs
(B) for Spanish Stroop targets (n = 32).

Comparison Stroop Effect. For reasons of completeness, we
performed additional analyses to compare the Stroop effect across
the German and the Spanish block. Participants were overall faster
in the Spanish block compared to the German block with β = -
43.90, t = -15.908, p < 0.001. As reported in previous sections, there
was also an effect of condition, with participants being significantly
faster in the congruent compared to the incongruent condition with
β = 16.47, t = 4.23, p < 0.001. However, because the Spanish block
was always presented as the second block, we argue that our results
are consistent with a simple practice effect. Critically, we did not
find evidence for an interaction effect of target language and condi-
tion, indicating that the Stroop effect was statistically comparable
across the German and the Spanish block. The difference in Stroop
effect was not the focus of this study, but should be investigated
more closely in future experiments.

Violation paradigm task

In this task, we explored the effect of gender congruency and
cognate status on accuracy and RTs. See Table 2.4 for mean accur-
acy rates and RTs for each condition (N = 33).
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Table 2.4: Descriptive statistics for the violation paradigm task for each
condition for familiar nouns (N = 33).

non-violation

Accuracy RTs (ms)

Mean (SD) Mean (SD)

cognate
congruent 0.979 (0.144) 729 (328)
incongruent 0.948 (0.223) 802 (369)

Difference 0.031 73

non-cognate
congruent 0.978 (0.147) 727 (312)
incongruent 0.959 (0.197) 740 (348)

Difference 0.019 13

violation

Accuracy RTs (ms)

Mean (SD) Mean (SD)

cognate
congruent 0.947 (0.224) 865 (389)
incongruent 0.915 (0.279) 886 (395)

Difference 0.032 21

non-cognate
congruent 0.904 (0.294) 847 (373)
incongruent 0.914 (0.280) 883 (416)

Difference -0.010 36

Accuracy. As described above, we employed a GLMM ap-
proach for the accuracy of the grammaticality judgment on NPs,
which contained either a gender-related violation or not. The model
of best fit yielded violation type and gender congruency as main
effects, as well as subject and item as random effects, with no inter-
actions or random slopes (Appendix 2.F). The covariate LexTALE-
Esp score was also included as main effect in the model (β = 1.027,
95% CI [1.02, 1.04], z = 4.58, p < 0.001). As predicted, there was
a significant difference between non-violation and violation trials
with β = 0.389, 95% CI [0.235, 0.644], z = -3.68, p < 0.001, and
congruent and incongruent trials with β = 0.539, 95% CI [0.326,
0.892], z = -2.40, p = 0.016. Therefore, participants were more ac-
curate in non-violation trials and in congruent trials (Figure 2.3).
Further, the other hypothetical covariates (order of acquisition of
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Spanish, terminal phoneme, Stroop effect and target noun gender)
either led to non-convergence or did not improve the model fit. The
model of best fit was: accuracy ∼ violation type + gender congru-
ency + LexTALE-Esp score + (1|subject) + (1|item). Note that
estimates are provided as odds ratios.

Response times. We followed a similar GLMM approach to
model RTs for familiar and correct trials of the violation paradigm
task. The model of best fit included violation type, gender congru-
ency and cognate status as main effects, as well as subject and item
as random effects (Appendix 2.G). Terminal phoneme emerged as
covariate in the best-fitting model. Instead, order of acquisition of
Spanish, LexTALE-Esp score, Stroop effect and target noun gender
were not included in the best fitting model as their inclusion led
to non-convergence. The final model showed shorter RTs for non-
violation trials compared to violation trials with β = 116.12, 95%
CI [102.68, 129.56], t = 16.94, p < 0.001, for congruent compared to
incongruent trials with β = 34.54, 95% CI [20.53, 48.55], t = 4.83,
p < 0.001, and finally, for non-cognate compared to cognate trials
with β = -19.75, 95% CI [-32.70, -6.80], t = -2.99, p = 0.003 (Fig-
ure 2.3). Thus, participants were statistically faster in non-violation
trials, congruent trials and non-cognate trials. The model of best fit
was: RTs ∼ violation type + gender congruency + cognate status
+ terminal phoneme + (1|subject) + (1|item).
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Figure 2.3: Accuracy (A) and RTs (B) for violation type and gender
congruency for the violation paradigm task (N = 33).

2.3.4 EEG data exclusion

One EEG data set for the violation paradigm task was excluded
due to a recording failure. Further, we defined a set of exclusion cri-
teria for the EEG data in order to determine outliers: first, we only
included trials in the analysis where participants indicated famili-
arity with the target noun. As the maximum number of familiar
targets was 218 out of 224 trials for this dataset, we adopted a
threshold of 218 as the new upper limit for trials upon which further
calculations were based. Second, we only included trials were parti-
cipants accurately detected a (non–) violation. Finally, we explored
the signal-to-noise ratio for each condition for each participant via
data pre-processing and artefact rejection. Only participants with
a remainder of at least 60% of trials were included in the analysis.
The total number of rejected trials due to artefacts was 271 (4.94%)
out of a total of 5,486 familiar and correct trials. See Appendix 2.H
for rejection rates for each condition. On the basis of these exclusion



Cross-linguistic interference in late language learners: An ERP
study 45

criteria, we subsequently excluded the EEG data of four additional
participants. Therefore, twenty-eight participants were included in
the EEG analysis.

2.3.5 EEG data pre-processing

We processed the EEG data using BrainVision Analyzer Version
2.1 (Brain Products GmbH). We followed a classical EEG data pre-
processing procedure for language-comprehension related phenom-
ena (Foucart & Frenck-Mestre, 2011). It consisted of visual inspec-
tion of the signal, re-referencing, linear derivation for the HEOG
electrodes (combining the two electrodes placed at the outer can-
thus) and filtering at a low-pass filter of 0.1 Hz and a high-pass
filter of 30 Hz. We then performed ocular correction and artefact
rejection. The HEOG was computed by merging the activity from
the two electrodes placed on the outer canthus of the left and right
eye. We defined the electrode placed underneath the left eye as
VEOG. Offline, we re-referenced the recordings to the average of
the left and right mastoid electrodes (TP9 and TP10). Next, signal
segmentation and epoching was applied to familiar target words
and correct trials only. We generated epochs around the stimulus
onsets to explore the voltage amplitudes for the ERP component of
interest, namely the P600. We deliberately selected a longer epoch
period of 1,400 ms in total because of potentially later P600 effects,
which are known to be observed in late learners (S. Rossi et al.,
2006). Therefore, we defined the range of the epochs from 200 ms
prior to the onset of the target NP to 1,200 ms after the onset of the
target NP. Segments marked as bad during artefact rejection were
excluded from the analyses. We performed baseline correction for
each segment using the average EEG activity in the 200 ms prior
to NP onset.

2.3.6 EEG data analysis

After pre-processing and exporting our data, we performed a
cluster-based permutation analysis to tentatively explore the re-
gions of interest and the potential time windows associated with
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significant modulations of the EEG signal. For this, we used a per-
mutation test from the permutes R package (Voeten, 2019) which
included the voltage amplitudes for all data electrodes across the en-
tire exported time window of 1,400 ms across conditions. As evident
in Figure 2.4, the output of this test demonstrated potentially signi-
ficant modulations of the EEG signal in the time window between
500 ms and 900 ms post-NP onset for posterior electrodes. This
time window and ROI have been previously associated with the
P600 (Nichols & Joanisse, 2019; Osterhout et al., 2006; S. Rossi et
al., 2006; Steinhauer et al., 2009; Tokowicz & MacWhinney, 2005).
Further visual inspection of the output did not suggest significant
EEG signal modulation in windows prior to the time window asso-
ciated with the P600. Finally, we divided electrodes into nine areas
of interest in line with standard P600 analysis procedures (Foucart
& Frenck-Mestre, 2011), i.e., left anterior, central anterior, right
anterior, left medial, central medial, right medial, left posterior,
central posterior and right posterior regions. On the basis of the
output from the permutation test and previous literature associ-
ating centro-parietal regions to the P600 (Osterhout et al., 2006;
S. Rossi et al., 2006; Steinhauer et al., 2009), we defined our ROI as
the following thirteen electrodes: CPz, CP3, CP4, TP7, TP8, Pz,
P3, P4, P7, P8, Oz, O1, O2. These electrodes we located in left
posterior, central posterior and right posterior regions.
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Figure 2.4: Output of permutation test across conditions for all data
electrodes for the exported time window of 1,400 ms including the cor-
responding F-values (n = 28). Larger F-values are shown in darker col-
ours and denote an increased likelihood for a statistically relevant effect
of our manipulations on voltage amplitudes.

Next, we followed a linear mixed effects models (LMM) ap-
proach on a single-trial basis (Frömer et al., 2018) in R and RStu-
dio (R Core Team, 2020) in an effort to expand on the traditional
average-type analysis. This latter method has been heavily criti-
cised due to its limitations in terms of equally weighted observations
on a by-condition and by-participant basis, and independent factor
levels. These assumptions are frequently compromised for reasons
of design and during the EEG data pre-processing stages. An al-
ternative method are single-trial LMMs endorsed by an increasing
number of researchers since its first application to EEG data in 2011
(Amsel, 2011). These models include both fixed effects and estim-
ates for the random variance between subjects and items, namely
random effects (Kornrumpf, Niefind, Sommer & Dimigen, 2016).
They can be applied to data sets with variability in effect sizes and
to unbalanced designs (Baayen et al., 2008; Fröber et al., 2017). For
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the single-trial LMM approach, we included all available voltage val-
ues for each epoch of 1,400 ms without averaging across segments
from the same condition in order to preserve by-subject and by-item
variance. We considered violation type, gender congruency and cog-
nate status as fixed effects, as well as hemisphere, LexTALE-Esp
score, order of acquisition of Spanish, terminal phoneme, Stroop
effect and target noun gender as covariates. We included subject
and item (i.e., the individual NP) as random effects in the single-
trial analysis. The model-fitting procedure was similar to the be-
havioural analyses. We followed a maximal building approach in
light of hypotheses while maintaining the simplest possible model
structure (Bates et al., 2018; Matuschek et al., 2017; Winter, 2019).
Figure 2.5 shows the mean voltage amplitudes for the entire epoch
of 1,400 ms for each condition for posterior regions in the P600 time
window. Visual data inspection revealed a P1/N2 complex typic-
ally linked to early visual processing (X. Cheng, Schafer & Akyürek,
2010; Eulitz, Hauk & Cohen, 2000; Misra, Guo, Bobb & Kroll, 2012;
Schendan & Kutas, 2003).
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Figure 2.5: Mean voltage amplitudes for each condition averaged across
segments, participants (n = 28) and channels (CPz, CP3, CP4, TP7,
TP8, Pz, P3, P4, P7, P8, Oz, O1, O2); the P600 time window of interest
(500 ms – 900 ms) is highlighted in grey.

2.3.7 EEG data results

The model of best fit yielded a main effect for violation type, as
well as by-subject random slopes for violation type (Appendix 2.I).
Item was included as a random effect to capture by-item variance.
Further, hemisphere and LexTALE-Esp score were included as co-
variates. Gender congruency and cognate status were included in
the model but did not show an effect on voltage amplitudes with β
= 0.223, 95% CI [-0.020, 0.466], t = 1.80, p = 0.072 for congruent
vs. incongruent nouns and β = -0.012, 95% CI [-0.255, 0.231], t =
-0.095, p = 0.924 for cognates vs. non-cognates. Order of acquisi-
tion of Spanish, terminal phoneme, Stroop effect and target noun
gender led to non-convergence and were therefore not included.
In line with our predictions, voltage amplitudes were significantly
higher for violation trials compared to non-violation trials (β =
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0.951, 95% CI [0.528, 1.37], t = 4.41, p < 0.001). This reflected
a robust P600 effect across all conditions. The model of best fit
was: voltage amplitudes ∼ violation type + gender congruency +
cognate status + hemisphere + LexTALE-Esp score + (violation
type|subject) + (1|item).

In a second step, we examined whether P600 effect sizes (voltage
amplitudes for non-violation trials subtracted from violation trials)
varied as a function of gender congruency and cognate status more
closely. We used an LMM approach to determine effect size vari-
ation, averaged across markers from the four conditions. The P600
effect sizes for each condition were M = 1.11 (SD = 2.96) for con-
gruent non-cognate trials, followed by M = 1.08 (SD = 2.90) for
congruent cognate trials, M = 0.937 (SD = 2.84) for incongruent
non-cognate trials and M = 0.751 (SD = 2.78) for incongruent cog-
nate trials. The model of best fit included an interaction effect for
gender congruency and cognate status. Critically, this interaction
did not have a significant effect on P600 effect size with β = 0.134,
t = 0.315, p = 0.755, and neither did the main effects for gender
congruency and cognate status with β = -0.282, t = -0.794, p =
0.434 and β = 0.039, t = 0.157, p = 0.876, respectively. Hemisphere
and LexTALE-Esp score were included as covariates. By-condition
and by-hemisphere random slopes for subject were also included in
the model. Order of acquisition of Spanish and Stroop effect did
not significantly improve the model fit. The model of best fit was
the following: P600 effect size ∼ Gender congruency * Cognate
status + Hemisphere + LexTALE-Esp score + (Gender congru-
ency * Cognate status|Subject) + (Hemisphere|Subject). In sum,
we established a P600 effect and therefore sensitivity to syntactic
irregularities for all conditions. However, our results did not demon-
strate a modulation of the P600 effect size by gender congruency or
cognate status. These results support our behavioural findings from
the violation paradigm task regarding the P600 effect.
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2.4 Discussion

The aims of this study were the following: first, to examine
whether there was cross-linguistic interference (CLI) of the gender
systems in German late learners of Spanish. Secondly, to explore
an interaction between the gender congruency effect and the cog-
nate facilitation effect on grammatical gender processing. Finally,
to characterise low-proficient late language learners with low expos-
ure to Spanish (< 3 years) in terms of inhibitory skills and CLI.
This was to contribute to the conceptualization of CLI in the mul-
tilingual brain.

For the Stroop task, we first predicted a Stroop effect of con-
dition as well as target language. In line with our hypotheses and
previous research (Costa, Albareda & Santesteban, 2008; Goldfarb
& Tzelgov, 2007), participants were consistently more accurate and
faster in the congruent condition compared to the incongruent con-
dition. More centrally, we also studied the association between in-
hibitory skills and vocabulary size. For this, we correlated the size
of the Stroop effect for each participant with the individual vocab-
ulary scores obtained from the LexTALE-Esp task. Contrary to our
predictions, we found no correlation between the two variables for
neither the German nor the Spanish target words. In other words,
we found no evidence that better inhibitory skills on the Stroop task
(i.e., a smaller Stoop effect) were associated with a larger vocabu-
lary in Spanish. This result is somewhat surprising given that pre-
vious research found such a relationship between proficiency and
inhibitory skills (Marian, Blumenfeld, Mizrahi, Kania & Cordes,
2013). Previous research also proposed a relationship between inter-
mediate to high proficiency and higher LexTALE scores (Lemhöfer
& Broersma, 2012). On the other hand, research on inhibitory skills
and vocabulary size on low-proficient late learners with limited ex-
posure is scarce.

There are three possible interpretations of these findings. The
first is concerned with the notion that LexTALE-Esp scores are as-
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sociated with overall proficiency in proficient speakers (Lemhöfer &
Broersma, 2012), but not in low-proficient late language learners.
In other words, the LexTALE-Esp might not be suitable for in-
ferences about grammatical knowledge, phonological awareness or
syntactic knowledge for late learners with low exposure to the lan-
guage. Second, the original LexTALE-Esp was tested on speakers
with different L1s, the majority of which were English natives, the
rest being speakers of French, German, Italian, Romanian, Por-
tuguese and Polish. Therefore, the test was not exclusively valid-
ated for German as L1, but rather for a combined group of different
L1s. Performance on the LexTALE-Esp might therefore be suscept-
ible to L1 influences: speakers with an L1 typologically similar to
Spanish (e.g., Italian and French) might have an inherent advantage
compared to speakers of an L1 with a larger typological distance
(e.g., German and Polish), e.g., for cognates (Lemhöfer & Dijkstra,
2004). This advantage in performing the LexTALE-Esp might be
independent of their true vocabulary size in Spanish. Finally, in-
hibitory skills might be a suitable predictor of proficiency in highly
proficient bilinguals, but not in late learners with low proficiency
levels such as those in the current study. While several studies have
established a positive association between inhibitory skills and pro-
ficiency in proficient learners (Lev-Ari & Peperkamp, 2013), this as-
sociation might only emerge once participants have reached higher
stages of overall proficiency beyond the B1/B2 levels of the cur-
rent participants. In light of the current findings, it is problematic
to argue for one of the three explanations. Taken together, these
results are novel in that they warrant for a more fine-grained in-
vestigation of the relationship between vocabulary size scores and
overall proficiency and the validity of the LexTALE-Esp for a range
of different linguistic populations and proficiency levels. Further ex-
periments with a more homogeneous group with an L1 that is more
typologically similar to Spanish (e.g., Italian) are needed, while also
examining the effects for different levels of proficiency.

For the behavioural data from the violation paradigm task, we
replicated the well-established finding of higher accuracy rates and
lower RTs in non-violation trials compared to violation trials in
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low-proficient late language learners. Therefore, we added to exist-
ing research on high-proficient late language learners (Foucart &
Frenck-Mestre, 2011; Lemhöfer et al., 2008). Furthermore, this is
behavioural evidence supporting different processing mechanisms
for NPs with syntactic violations compared to NPs without viola-
tions. More importantly, we found evidence for the gender congru-
ency effect and therefore for CLI of grammatical gender systems:
late learners with low proficiency were more accurate and faster
at processing gender congruent nouns compared to incongruent
nouns. This adds to existing similar findings in proficient bilinguals
(Klassen, 2016) and also supports the previously discussed gender-
integrated representation hypothesis, GIRH (Bordag & Pechmann,
2007; Costa et al., 2003; Lemhöfer et al., 2008; Morales et al., 2016).

As previously discussed, a large number of studies examining the
gender congruency effect and the cognate facilitation effect have not
systematically controlled for gender congruency as well as for cog-
nate status : Moreover, studies rarely focused on late learners with
low proficiency (Costa et al., 2003; Lemhöfer et al., 2008). Thus,
it was unclear whether the processing advantage for cognates com-
pared to non-cognates reported in these studies was driven by phon-
ological and orthographic overlap (i.e., cognate status) or similar-
ities at the grammatical level (i.e., an overlap in terms of gender)
in late learners with low proficiency. Contrary to our predictions
about the presence of an interaction between the gender congru-
ency effect (i.e., faster processing of congruent nouns compared to
incongruent nouns) and the cognate facilitation effect (i.e., faster
processing of cognate compared to non-cognates), we found no ef-
fect of cognate status on accuracy rates. For RTs, we found an
effect of cognate status in the opposite direction: participants ap-
peared to be slower when making syntactic decisions in cognate
trials compared to non-cognate trials. This is a crucial and novel
finding. It speaks directly to the respective saliency of two inherent
properties of lexical items stored within a bilingual system in late
learners: at low proficiency levels and relatively limited exposure
to Spanish, German late learners of Spanish were more sensitive to
lexico-syntactic similarities at the gender level than to phonological
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and orthographic overlap provided by cognates.

For the EEG data from the violation paradigm task, we em-
ployed a relatively recent and novel single-trial LMM approach
(Frömer et al., 2018) in an attempt to move away from average-
style approaches to a more suitable data analysis approach. We
found clear evidence for a P600 effect across all conditions. We
therefore confirmed the sensitivity of late learners to syntactic viol-
ations. However, we did not find evidence for an influence of gender
congruency or cognate status on voltage amplitudes. This is indic-
ative of two important aspects: first, that there was no detectable
influence of these two noun properties at the electrophysiological
level. Second, that we did not find evidence for distinct neuronal
patterns associated with CLI of grammatical gender systems or the
phonological systems. These are important findings: first, contrary
to reports on absent P600 effects in late learners (Hahne & Frieder-
ici, 2001; Weber-Fox & Neville, 1996), we provide evidence that
late language learners are indeed sensitive to syntactic violations
even in early acquisition stages (S. Rossi et al., 2006; Tokowicz
& MacWhinney, 2005). Second, participants appeared to be relat-
ively insensitive to both gender congruency and cognate status at
early acquisition stages, with limited CLI traceability at the neural
level. Importantly, our findings do not suggest an N400 effect, which
has been linked to semantic integration processes in both native
and non-native processing (Friederici et al., 1999; Molinaro et al.,
2011; Münte et al., 1997). We neither find evidence for a biphasic
N400/P300 (Barber & Carreiras, 2003, 2005) nor for an N400/P600
pattern (Mart́ın-Loeches et al., 2006; Wicha et al., 2004) repor-
ted in native speakers of Spanish. In ERP terms, an N400 would
have been reflected in more negative amplitudes for violation tri-
als (incorrect gender value) compared to non-violation trials (cor-
rect gender value). Therefore, we concluded the following: first, the
presentation of a bare noun prior to the experimental trial did not
introduce a semantic component; second, we successfully minimised
the semantic context for the syntactic violation identification task
we employed; and finally, we reduced guessing strategies that could
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be employed by participants2.

Finally, in contrast to Foucart and Frenck-Mestre (2011), our
results from the single-trial analysis on the P600 effect size across
conditions did not yield variation as a function of condition. Despite
a descriptive tendency for a larger P600 effect for congruent trials
compared to incongruent trials, this difference was not significant.
This implies that the P600 effect was statistically similar across
conditions, which does not provide evidence for a modulation by
gender congruency or cognate status. This is a crucial result because
it supports the notion of the insensitivity of late language learners
at the neural level to inherent properties of nouns such as gender
congruency and cognate status, while processing NPs in Spanish
under the influence of German.

Our results are highly relevant for three reasons. First, research
on language processing mechanisms and the neuronal signatures of
gender processing in late second language learners has been scarce,
in particular the extent of CLI from the native language. Second,
our results showed that late language learners face CLI at the
grammatical level: in the case of overlapping syntactic properties
across the languages (i.e., gender congruency), this can facilitate
processing in the non-native language, but it hinders processing
in the case of non-overlapping syntactic structures (e.g., gender-
incongruency). These results therefore allow us to characterise the

2Given that previous studies overwhelmingly suggested a P600 effect for
processing syntactic violations in native speakers (Barber & Carreiras, 2005;
Hasting & Kotz, 2008; Osterhout & Mobley, 1995), we did not find it neces-
sary to include a native Spanish control group. Moreover, studies suggested
that N400 effects are limited to conditions with a strong semantic violation
or semantic integration component (Osterhout & Mobley, 1995; Wicha et al.,
2004). Therefore, if we were to repeat our study with native speakers of Span-
ish, consistent with our current predictions about non-native speakers and the
syntactic nature of our task, we predict more positive P600 amplitudes for syn-
tactic violations compared to non-violations. In contrast, given that the N400
effect is mostly elicited in connection to semantic factors, we do not predict an
N400 effect in our specific case, neither for hypothetical native speakers nor for
those non-native speakers we tested in the current study.
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challenges encountered by late learners with low proficiency levels.
They provide a basis for an increased focus on these challenges
during foreign language teaching. Further, the results are central to
characterising the brain mechanisms involved in processing gram-
matical gender in a foreign language. They are fundamental to
broadening our understanding of processing a foreign language at
limited proficiency levels. Notably, low-proficient speakers do show
sensitivity to syntactic irregularities in their foreign language. The
results from this study strongly encourage a wider focus on inter-
mediate and low-proficient language learners in order to character-
ise the respective underlying processing mechanisms. The results
also promote more differentiated testing designs and controlling for
the inherent property of gender congruency when investigating the
cognate facilitation effect, especially in population samples of late
language learners.

2.4.1 Conclusions and future directions

CLI in late learners with low to moderate proficiency levels has
not received enough attention in the field of multilingual language
processing. Overall, our results support the notion of a P600 effect
for determiner-noun gender agreement in late learners of Spanish
with low proficiency levels. This was reflected in the ERP signatures
of trials containing syntactic violations compared to trials which did
not. Moreover, we present evidence for cross-linguistic interference
of grammatical gender systems at the behavioural level in the form
of the gender congruency effect. On the other hand, the underlying
neuro-cognitive processes and P600 effect sizes appear unaffected
by gender system similarities or overlapping phonological or ortho-
graphic forms. Contrary to our predictions, we did not find evid-
ence for a joint effect of gender congruency and cognate status at
the neuronal or behavioural level. Thus, it appears that late lan-
guage learners are behaviourally more sensitive to similarities in
terms of gender, compared to similarities at the phonological and
orthographic level. Nevertheless, the results support the gender-
integrated representation hypothesis (GIRH), even in late learners
with relatively low proficiency. The results from this study contrib-
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ute to the debate about the sensitivity of late language learners to
syntactic violations and to inherent properties of nouns during non-
native language processing. Therefore, this study opens up new av-
enues for the conceptualization of syntactic processing in language
learners with limited language exposure as well as cross-linguistic
interference in early acquisition stages.
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Appendix

2.A Linguistic profile: German-Spanish

group

Table 2.A.1: Overview of the languages acquired by the participants of
the current study (N = 33) according to the LEAP-Q.

L1 L2 L3 L4 L5 Total

German n = 33 33
Spanish n = 16 n = 15 n = 2 33
English n = 31 n = 2 33
Latin n = 3 n = 1 n = 1 5
French n = 2 n = 11 n = 5 18
Russian n = 1 n = 1 2
Swedish n = 1 1
Italian n = 1 1
Arabic n = 1 1
Catalan n = 1 1
Mandarin n = 1 1
Portuguese n = 2 2

Total 33 33 33 22 10
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ió
n

17
7
.5
9

ió
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2.C EEG electrode montage

Figure 2.C.1: Electrode positions following a 10/20 montage. Electrodes
included in the analysis are in the shaded area.
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2.F Model parameters: accuracy

Table 2.F.1: Model parameters for best-fitting model for accuracy (N =
33).

Formula: accuracy ∼ violation type (non-violation vs. violation)
+ gender congruency (congruent vs. incongruent) + LexTALE-Esp
score + (1|subject) + (1|item)

Term Odds Ratio [95% CI] z-value p-value

(Intercept) 66.35 [37.70, 116.79] 14.54 < 0.001
Violation type
[violation]

0.389 [0.235, 0.644] -3.68 < 0.001

Gender
congruency
[incongruent]

0.539 [0.326, 0.892] -2.40 0.016

LexTALE-Esp
score

1.03 [1.02, 1.04] 4.58 < 0.001

Random effects
σ2 3.29
τ00Item 2.03
τ00Subject 0.29
ICC 0.41
NSubject 33
NItem 224

Observations 5,977
Marginal R2/
Conditional R2

0.099/0.471
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2.G Model parameters: response times

Table 2.G.1: Model parameters for best-fitting model for response times
(N = 33).

Formula: RTs∼ violation type (non-violation vs. violation) + gender
congruency (congruent vs. incongruent) + cognate status (cognate vs.
non-cognate) + terminal phoneme + (1|subject) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 788.42 [772.77, 804.07] 98.75 < 0.001
Violation type
[violation]

116.12 [102.68, 129.56] 16.94 < 0.001

Gender
congruency
[incongruent]

34.54 [20.53, 48.55] 4.83 < 0.001

Cognate status
[non-cognate]

-19.75 [-32.70, -6.80] -2.99 0.003

Terminal
phoneme [d]

-22.08 [-33.10, -11.06] -3.93 < 0.001

Terminal
phoneme [e]

30.48 [18.52, 42.43] 4.99 < 0.001

Terminal
phoneme [i]

-69.60 [-83.10, -56.11] -10.113 < 0.001

Terminal
phoneme [ión]

36.28 [25.85, 46.71] 6.82 < 0.001

Terminal
phoneme [j]

-14.40 [-32.34, 3.54] -1.57 0.116

Terminal
phoneme [l]

22.14 [10.04, 34.25] 3.59 < 0.001

Terminal
phoneme [n]

3.92 [-6.13, 13.98] 0.765 0.445

Terminal
phoneme [o]

1.18 [-10.72, 13.08] 0.194 0.846

Terminal
phoneme [r]

84.99 [73.43, 96.55] 14.408 < 0.001

Terminal
phoneme [s]

326.12 [314.06, 338.17] 53.03 < 0.001

Terminal
phoneme [umbre]

45.43 [30.05, 60.78] 5.80 < 0.001

Terminal
phoneme [z]

-36.74 [-46.01, -27.46] -7.77 < 0.001
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Random effects
σ2 0.14
τ00Item 3104.48
τ00Subject 9014.72
ICC 1.00
NSubject 33
NItem 224

Observations 5,636
Marginal R2/
Conditional R2

0.262/1.00

2.H EEG data: by-condition trial rejec-

tion rates

Table 2.H.1: Rejection rates for each condition for the EEG data of the
violation paradigm task (n = 28).

Condition Rejection
rate (%)

Rejected
trials

cognate/congruent/non-violation 3.88 28
cognate/congruent/violation 6.18 40
cognate/incongruent/non-violation 6.12 42
cognate/incongruent/violation 6.12 42
non-cognate/congruent/non-violation 3.90 27
non-cognate/congruent/violation 5.19 33
non-cognate/incongruent/non-violation 3.93 28
non-cognate/incongruent/violation 4.39 31

Average 4.94 33.88
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2.I Model parameters: P600 compon-

ent

Table 2.I.1: Model parameters for best-fitting model for voltage amp-
litudes (n = 28).

Formula: voltage amplitudes ∼ violation type (non-violation vs. vi-
olation) + gender congruency (congruent vs. incongruent) + cognate
status (cognate vs. non-cognate) + hemisphere + LexTALE-Esp score
+ (violation type|subject) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 0.780 [0.089, 1.47] 2.21 0.027
Violation type
[violation]

0.951 [0.528, 1.37] 4.41 < 0.001

Gender
congruency
[incongruent]

0.223 [-0.020, 0.466] 1.80 0.072

Cognate status
[non-cognate]

-0.012 [-0.255, 0.231] -0.095 0.924

LexTALE-Esp
score

-0.025 [-0.048, -0.001] -2.08 0.037

Hemisphere
[midline]

1.78 [1.77, 1.79] 294.48 < 0.001

Hemisphere
[right]

0.931 [0.921, 0.942] 177.99 < 0.001

Random effects
σ2 65.67
τ00Item 0.86
τ00Subject 1.64
τ11Subject[violation] 0.87
ρ01Subject 0.17
ICC 0.05
NSubject 28
NItem 224

Observations 12,469,236
Marginal R2/
Conditional R2

0.014/0.058
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Noun-phrase production as a window to

language selection: An ERP study
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L., & Schiller, N. O. (2021). Noun-phrase production as a window to

language selection: An ERP study. Neuropsychologia, 162, 108055.

Abstract: Characterising the time course of non-native lan-
guage production is critical in understanding the mechanisms be-
hind successful communication. Yet, little is known about the mod-
ulating role of cross-linguistic influence (CLI) on the temporal un-
folding of non-native production and the locus of target language
selection. In this study, we explored CLI effects on non-native noun
phrase production with behavioural and neural methods. We were
particularly interested in the modulation of the P300 as an index
for inhibitory control, and the N400 as an index for co-activation
and CLI. German late learners of Spanish overtly named pictures
while their EEG was monitored. Our results indicate traceable CLI
effects at the behavioural and neural level in both early and late
production stages. This suggests that speakers faced competition
between the target and non-target language until advanced pro-
duction stages. Our findings add important behavioural and neural
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evidence to the underpinnings of non-native production processes,
in particular for late learners.

Keywords: non-native noun phrase production, cross-linguistic
influence, target language selection, late language learners, gender
congruency effect, cognate facilitation effect, EEG, event-related po-
tentials, P300, N400

3.1 Introduction

From the speaker’s perspective, producing a determiner-noun
phrase (NP) e.g., [the flower ] seems an effortless operation. How-
ever, according to current models, word production is a complex,
multi-stage process. For example, the LRM model (Levelt et al.,
1999) describes three primary stages of single word production. In
a picture-naming task, first, the depicted object is conceptualised;
second, the concept is lexicalised, i.e., it is given a grammatical,
phonological and phonetic form; and finally, the name of the ob-
ject is articulated. Current research has increasingly focused on
characterising the time course of word production. For example,
Indefrey and Levelt (2004) and Indefrey (2011) combined behavi-
oural, chronometric and electrophysiological evidence to estimate
the time course of each stage in native language word production
(Abdel Rahman & Sommer, 2008; Camen, Morand & Laganaro,
2010; X. Cheng et al., 2010; Hanulová, Davidson & Indefrey, 2011;
Laganaro et al., 2009; Rodriguez-Fornells, Schmitt, Kutas & Münte,
2002; Schiller, Bles & Jansma, 2003; Van Turennout & Hagoort,
1997; Zhang & Damian, 2009), see Figure 3.1.11.

1Note that Figure 3.1.1 serves for visualisation purposes and does not claim
that the production processing stages are discrete stages or follow a sequential
pattern, in line with Levelt et al. (1999) and Indefrey (2011). This notion is
subject to an open debate (Camen et al., 2010), which is beyond the scope of
our study.
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Figure 3.1.1: Estimated time course of single word production in the
native language according to Indefrey and Levelt (2004) and Indefrey
(2011).

Both electroencephalography (EEG) and event-related poten-
tials (ERPs) are particularly valuable tools to explore the neuro-
cognitive processes of native language production. More specifically,
the EEG signal yields an implicit measure of the neural signature
and the time course of each individual production stage (Aristei,
Melinger & Abdel Rahman, 2011; Bürki & Laganaro, 2014; Eu-
litz et al., 2000; Habets, Jansma & Münte, 2008; Hoshino & Thi-
erry, 2011; Valente et al., 2014). For example, Bürki and Laganaro
(2014) found that producing French NPs, such as [le chat ] “the
cat” or NPs including an adjective [le grand chat ] “the big cat”,
in comparison to a bare noun [chat ] “cat” was linked to the topo-
graphic stability of the EEG signal between 190 ms and 300 ms
and following 530 ms post-stimulus onset. These findings were in-
terpreted as a longer duration of lexical retrieval (lemma retrieval
in LRM terms) and phonological encoding for NPs compared to
bare nouns. They were corroborated by longer naming latencies for
bare nouns and NPs compared to NPs including an adjective (Bürki
& Laganaro, 2014; Lange, Perret & Laganaro, 2015; Schriefers, de
Ruiter & Steigerwald, 1999). Lexical retrieval has been previously
associated with lexical access and grammatical gender processing
(Alario & Caramazza, 2002; Badecker, Miozzo & Zanuttini, 1995;
Bürki & Laganaro, 2014; Levelt et al., 1999; Strijkers et al., 2010).
In contrast, phonological encoding was described as the processing
of the phonological code of the word and its subsequent syllabifica-
tion (Levelt et al., 1999). Grammatical gender, hereafter gender, is a
noun classification system (Corbett, 1991). More specific to gender
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processing in Romance languages, research suggested that the ac-
tivation and selection of determiners in NPs occurred both during
lexical retrieval and at the early part of the consecutive phonolo-
gical encoding (Alario & Caramazza, 2002; Bürki, Sadat, Dubarry
& Alario, 2016; Miozzo & Caramazza, 1999; Sá-Leite, Luna, Fraga
& Comesaña, 2020). As shown in Bürki and Laganaro (2014), in
these languages producing the phonological forms of determiners
and adjectives is partially dependent on the phonological form of
the noun, e.g., Spanish [laF tazaF rojaF ] vs. English [the red mug ]
(Miozzo & Caramazza, 1999; Sá-Leite et al., 2020; Schriefers, 1992,
1993).

The work by Bürki and Laganaro (2014) and similar studies
(Eulitz et al., 2000; Habets et al., 2008; Koester & Schiller, 2008;
Lange et al., 2015) characterised the time course of native language
word production. However, the time course of non-native produc-
tion continues to be a complex issue in multilingualism research,
especially with respect to the locus of target language selection
(Costa, Strijkers, Martin & Thierry, 2009; Hanulová et al., 2011;
Hoshino & Thierry, 2011; Strijkers et al., 2010). In light of the
increasing prevalence of non-native speakers and multilingual com-
munities (Berthele, 2021b), the need to further characterise the
individual production stages in non-native production has become
more urgent. In this study, we build upon the theoretical models
of native speaker single word production and empirical findings on
native NP production (Bürki & Laganaro, 2014; Indefrey, 2011;
Indefrey & Levelt, 2004; Levelt et al., 1999). We specifically con-
centrated on the time course of those production stages preceding
the articulation stage, namely lexical retrieval and phonological en-
coding. Collecting behavioural and EEG measures, we examined
the overt production of determiner + noun NPs in the non-native
language Spanish, e.g., [la flor ] “the flower”, by native speakers of
German.

Producing utterances can demonstrably be more challenging in
the non-native than in the native language (Pivneva, Palmer &
Titone, 2012; Runnqvist, Strijkers, Sadat & Costa, 2011). Stud-
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ies have found longer and more variable naming latencies in the
non-native compared to the native language (Gollan et al., 2005;
Hanulová et al., 2011; Ivanova & Costa, 2008; Kroll, Bobb & Wod-
niecka, 2006). These quantitative differences between native and
non-native speech production were reported for various levels of
language proficiency (Christoffels et al., 2007; Ivanova & Costa,
2008; Sholl, Sankaranarayanan & Kroll, 1995), and for language
pairs with varying phonological and orthographic similarity, e.g.,
intermediate German learners of Dutch (Christoffels et al., 2007)
and highly proficient Greek learners of English (Parker-Jones et
al., 2012). The question which arises at this point is: where does
this delay in naming latencies originate from? Recent studies ex-
plored word frequency and age of acquisition (AoA) as modulating
factors of the non-native production processes, see Hanulová et al.
(2011) for a discussion. In this study, we focus on another factor
that could influence the time course of non-native short utterance
production, namely cross-linguistic influence (CLI), as described in
section 3.1.1. By extension, we aim to explore the following question
crucial to non-native production research: during which production
stage does the delay in naming latency occur? In section 3.1.2, we
outline the electrophysiological correlates of CLI in more detail and
we discuss how they offer us an insight into these issues.

3.1.1 Cross-linguistic influence

Non-native speakers face cross-linguistic influence (CLI) dur-
ing language production and language comprehension (Cárdenas-
Hagan et al., 2007; Ganushchak, Verdonschot & Schiller, 2011;
Lemhöfer et al., 2008; Morales et al., 2016; Müller & Hulk, 2001;
Thierry & Wu, 2007; Von Grebmer Zu Wolfsthurn, Pablos-Robles
& Schiller, 2021a). Broadly speaking, CLI is the interaction of
the languages within a multilingual system and its influence on
the underlying cognitive processing mechanisms. CLI supports the
notion that the native and non-native language are co-activated
during language production (Guo & Peng, 2006; Hermans et al.,
1998; Kroll, Bobb, Misra & Guo, 2008; Lee & Williams, 2001).
Co-activation and CLI are rooted into theoretical models. For ex-
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ample, the Revised Hierarchical Model, RHM (Kroll & Stewart,
1994) postulates a conceptual level and separate lexical levels for
the native and non-native language with strong lexical connections
between the two languages. Critically, the model also suggests that
the strength of the connections is modulated by proficiency: as non-
native proficiency increases, the connection strength between the
non-native lexicon and the conceptual level increases and the in-
volvement of the native language becomes less prominent (Kroll &
Stewart, 1994).

For speakers to successfully complete a naming task in either the
native or non-native language, it is crucial that co-activation and
CLI are resolved prior to articulation. A robust finding in the CLI
and language selection literature is the presence of a language con-
trol system which mitigates CLI effects and effectively inhibits the
non-target language (Abutalebi & Green, 2007; D. W. Green, 1998),
but see Verdonschot, Middelburg, Lensink and Schiller (2012). The
mitigation of CLI effects and the associated increased cognitive ef-
fort is evident at the neural level. For example, increased activation
of brain areas involved in language production for non-native com-
pared to native language production was linked to increased error
monitoring of competing representations during CLI (Parker-Jones
et al., 2012; Rodriguez-Fornells, Kramer, Lorenzo-Seva, Festman
& Münte, 2012; E. Rossi, Newman, Kroll & Diaz, 2018). Previ-
ous studies on CLI have almost exclusively focused on early ac-
quisition and intermediate to high proficiency levels in the non-
native language, thereby leaving a systematic gap in the explor-
ation of the effects of CLI on the time course of NP production
in late language learners with lower proficiency levels (Costa et
al., 2003; Hoshino & Thierry, 2011; Lemhöfer et al., 2008). Yet,
this is a critical issue because studies suggested that proficiency
impacted language-related neuro-cognitive mechanisms in multilin-
guals, shown in that CLI effects were more pronounced at lower
proficiency levels (Bosch & Unsworth, 2020; Heidlmayr, Ferragne
& Isel, 2021; Steinhauer et al., 2009; Van der Meij, Cuetos, Car-
reiras & Barber, 2011; White, Titone, Genesee & Steinhauer, 2017;
Yip & Matthews, 2007). For example, Sunderman and Kroll (2006)
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found that compared to lower proficient learners, highly proficient
English learners of Spanish were less susceptible to CLI from the
native language, and performed better in a picture-naming task.
Costa and Santesteban (2004) previously proposed that during pro-
duction, highly proficient speakers activated only the lexical entry
from the target language, thereby effectively avoiding CLI during
lexical retrieval. Therefore, in this study we directly focused on CLI
effects in a group where first, CLI was found to be most prevalent;
and second, is frequently understudied in the literature, namely late
language learners with intermediate proficiency levels. We defined
late language learners as having acquired an additional (non-native)
language later in development (AoA > 12 years), see S. Rossi et
al. (2006). Moreover, and in contrast to highly proficient late lan-
guage learners, our group was further characterised by less than
three years of exposure to the non-native language and intermedi-
ate proficiency levels in the B1/B2 range according to the Common
European Framework of Reference for Languages, CEFR (Council
of Europe, 2001).

Immediately relevant to CLI effects is the question about when
the target language is selected in non-native production. For ex-
ample, is the target language selected (and CLI resolved), prior to
lexical retrieval? Or instead, does CLI carry over to later produc-
tion stages, such as phonological encoding? Current debates remain
inconclusive with respect to two accounts of the locus of target
language selection (Costa, Santesteban & Ivanova, 2006; Hanulová
et al., 2011; Hoshino & Thierry, 2011; Sá-Leite et al., 2019). One
account suggests that lexical entries from both the target and non-
target language are activated, but only the lexical entry corres-
ponding to the target language is selected for subsequent phono-
logical processing (Gollan et al., 2005; Hermans et al., 1998; Lee
& Williams, 2001). Under this account, CLI is resolved at lexical
retrieval. On the other hand, a second account suggests that the
lexical entries from the target and non-target language are both
activated and selected for phonological encoding (Christoffels et al.,
2007; Colomé, 2001; Costa et al., 2000; D. W. Green, 1998; Hoshino
& Kroll, 2008; Pulvermüller, 2007; Rodriguez-Fornells et al., 2005).
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Within this perspective, CLI is not resolved at lexical retrieval, but
continues into subsequent phonological processing. In order to dis-
criminate between these two accounts, in this study we focus on
two linguistic phenomena representing CLI, the gender congruency
effect and the cognate facilitation effect. These effects provide us
with further insight into the underlying production stages and their
inner mechanisms in non-native NP production, see the following
sections.

The gender congruency effect

The gender congruency effect is reflected in faster processing
of congruent vs. incongruent nouns, as reported in language pro-
duction studies (Bordag & Pechmann, 2007; Lemhöfer et al., 2008;
Morales et al., 2016; Paolieri et al., 2019, 2020; Schiller & Cara-
mazza, 2003; Schiller, 2006; Schiller & Costa, 2006). Congruent
nouns have similar gender values across languages; for example, the
lexical items for the concept “arm” are masculine in German [derM
Arm] and in Spanish [elM brazo]. In contrast, incongruent nouns
have dissimilar gender values across languages; for example, the lex-
ical items for “key” are masculine in German [derM Schlüssel ] and
feminine in Spanish [laF llave]. Gender systems can vary across lan-
guages. For example, German has three gender values, i.e. feminine,
masculine and neuter, and their distribution is not equally distrib-
uted across all lexical items (Schiller & Caramazza, 2003). Spanish,
however, is characterized by a feminine-masculine gender value dis-
tinction with an approximately balanced distribution (Bull, 1965;
Eddington, 2002)2.

As discussed above, gender processing in Romance languages
was linked to lexical retrieval and phonological encoding (Alario &
Caramazza, 2002; Badecker et al., 1995; Bürki & Laganaro, 2014;
Miozzo & Caramazza, 1999). Subsequently, this links the gender

2Note that similar labels for gender values (“masculine”, “feminine”) can be
found across different languages. However, we do not assume that these labels
are conceptually identical (Lemhöfer et al., 2008) but merely utilise them for
descriptive purposes.
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congruency effect to these two production stages. Therefore, the
gender congruency effect offers a gateway to the following three is-
sues: first, it allows us to observe the mechanisms underlying CLI
of the gender systems during lexical retrieval ; second, it provides us
with a way to study the implications of CLI of the gender systems
on the time course of non-native NP production; and third, it allows
us to explore the locus of target language selection with respect to
the two accounts regarding target language selection (Hoshino &
Thierry, 2011; Sá-Leite et al., 2019). If the target language was
selected prior to lexical retrieval in multilingual language produc-
tion, we would not observe a gender congruency effect during the
subsequent production stages. Alternatively, if the target language
was not selected before lexical retrieval, we would observe a gender
congruency effect because the activated lexical entries from both
languages would be subject to CLI of the gender systems during
gender processing. As a result, CLI would facilitate the processing
of congruent nouns compared to incongruent nouns. Current beha-
vioural evidence supports this notion in late language learners with
intermediate proficiency compared to early learners with high pro-
ficiency (Bordag & Pechmann, 2007; Costa et al., 2003; Sá-Leite et
al., 2020).

Yet, few studies so far have investigated the gender congru-
ency effect from a neural perspective (Heim, Friederici, Schiller,
Rüschemeyer & Amunts, 2009). One ERP component associated
with this effect is the N400 (Paolieri et al., 2020; Wicha, Bates,
Moreno & Kutas, 2003). It is reflected in a negative voltage amp-
litude peak around 400 ms post-stimulus onset and was previ-
ously linked to lexical-semantic integration and lexical co-activation
(P. Chen, Bobb, Hoshino & Marian, 2017; Hoshino & Thierry, 2011;
Kutas & Federmeier, 2011; Lau, Phillips & Poeppel, 2008; Leckey &
Federmeier, 2019). In relation to the gender congruency effect, less
negative N400 amplitudes were linked to congruent trials compared
to incongruent trials in the time window between 300 ms and 500
ms post-stimulus onset in a translation-recognition task (Paolieri et
al., 2020; Wicha et al., 2003). Given the temporal characteristics of
these neural correlates of the gender congruency effect, this suggests
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that both co-activation and CLI between the languages may remain
unresolved until around 500 ms post-stimulus onset. In LRM terms,
this time window coincides with phonological encoding. Therefore,
the behavioural and ERP findings related to the gender congru-
ency effect suggest that the target language is not selected prior
to lexical retrieval. However, from these findings it remains unclear
whether CLI is resolved upon termination of gender processing or
whether it indeed continues into phonological encoding stages.

Regarding the specific question about the locus of target lan-
guage selection, there are two possible scenarios. In the first scen-
ario, the target language is selected after the completion of gender
processing. Subsequently, only the lexical entry from the target lan-
guage carries over to phonological encoding. In contrast, the second
scenario postulates that the target language is selected during or
after phonological encoding. Here, the lexical entries from both the
target and non-target language are processed for phonological en-
coding. This implies that both languages remain active after the
completion of gender processing and that CLI potentially results
in further delays during later phonological processing. Evidence by
Hoshino and Thierry (2011) preliminarily supported the latter no-
tion. In a picture-word interference (PWI) task with highly profi-
cient Spanish learners of English, the EEG signal was modulated
during lexical retrieval for semantically and phonologically related
trials compared to unrelated trials. However, they found no further
modulation of the signal after 400 ms post-stimulus onset. The au-
thors interpreted these results as showing that the target language
had not been selected at lexical retrieval, but that the selection
had taken place by 400 ms post-stimulus onset. In LRM terms,
this time window coincides with phonological encoding. Therefore,
these results supported the second scenario whereby first, lexical
entries from both the target and non-target language were selec-
ted for phonological processing, and second, CLI continued beyond
lexical retrieval (Christoffels et al., 2007; Colomé, 2001; Costa et
al., 2000; Hoshino & Kroll, 2008; Hoshino & Thierry, 2011; Pul-
vermüller, Shtyrov & Hauk, 2009; Rodriguez-Fornells et al., 2005).
Building on the work by Hoshino and Thierry (2011) to add fur-
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ther evidence for discriminating between the two scenarios outlined
above, we also explored the cognate facilitation effect. Via the ex-
ploration of this effect, we probed whether or not CLI continued
after gender processing in late language learners.

The cognate facilitation effect

In a broad sense, cognates are words with a large degree of
phonological and orthographic overlap (C. Li & Gollan, 2018). For
example, [Melone] and [melón] “melon” are examples for cognates
in German and Spanish, respectively, whereas [Arm] and [brazo]
“arm” are non-cognates. It has previously been shown that cog-
nates are processed faster compared to non-cognates (Bosma et al.,
2019; Casaponsa, Antón, Pérez & Duñabeitia, 2015; C. Li & Gol-
lan, 2018). This is a critical finding as it suggests that this cognate
facilitation effect can be linked to the CLI during phonological en-
coding in production (Christoffels et al., 2007; Costa et al., 2000,
2005; Hoshino & Kroll, 2008). In order for this effect to occur, the
lexical entries from both the target and non-target language need to
be subject to subsequent phonological encoding. Here, we used the
cognate facilitation effect to first, study CLI during this particular
production stage with respect to the overall time course of non-
native production; and second, to add to the discussion of whether
or not the target language is selected after gender processing.

While neural correlates of the cognate facilitation effect have
been scarcely researched in non-native production until now, evid-
ence from non-native comprehension links the N400 to this specific
effect (Midgley et al., 2011; Peeters, Dijkstra & Grainger, 2013;
Xiong, Verdonschot & Tamaoka, 2020). For example, Peeters et al.
(2013) found faster latencies and smaller N400 amplitudes for cog-
nates compared to non-cognates between 400 ms and 500 ms in
French late learners of English in a lexical decision task. Contrast-
ingly, Christoffels et al. (2007) found faster naming latencies and
more negative amplitudes for cognates compared to non-cognates in
fronto-central regions between 275 ms and 475 ms post-stimulus on-
set in unbalanced German-Dutch speakers in an overt picture nam-
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ing task, without linking it to the N400. Further, studies showed
that the size of the cognate facilitation effect decreased as non-
native proficiency increased (Bultena, Dijkstra & van Hell, 2014;
Casaponsa et al., 2015). Therefore, ERP evidence from the cognate
facilitation effect suggests that first, the target and the non-target
language are co-activated, which in turn leads to CLI of the phono-
logical systems; second, that lexical entries from both languages are
subject to phonological encoding ; and finally, that the non-target
language is not inhibited during lexical retrieval, particularly at
lower proficiency levels. Instead, the cognate facilitation effect sug-
gests that CLI continues beyond lexical retrieval into phonological
encoding stages, as supported by the literature (Christoffels et al.,
2007; Colomé, 2001; Costa et al., 2000; Hoshino & Kroll, 2008;
Hoshino & Thierry, 2011).

Combining evidence from the gender congruency effect and the
cognate facilitation effect, the findings presented above suggest a
modulating influence of CLI on the time course of non-native pro-
duction that continues beyond gender processing until phonolo-
gical processing stages. However, these interpretations are debat-
able given the scarcity of research on CLI, in particular in terms
of the neural correlates of the gender congruency effect and the
cognate facilitation effect. Therefore, aside from exploring CLI ef-
fects in late language learners, we also focused on the neural un-
derpinnings of CLI to characterise the time course of non-native
production and the locus of target language selection.

3.1.2 Electrophysiological correlates of CLI

As discussed above, the N400 was linked to CLI effects such as
the gender congruency effect and the cognate facilitation effect, but
also the co-activation of languages (P. Chen et al., 2017; Paolieri et
al., 2020; Peeters et al., 2013). In this study, we used the N400 to
capture the co-activation and the linguistic aspects of CLI. Import-
antly, studies suggested that the N400 onset may be delayed in late
language learners and that overall N400 amplitudes in these learners
decrease compared to those of native speakers (Midgley, Holcomb
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& Grainger, 2009; Weber-Fox & Neville, 1996). Some studies fur-
ther suggested that N400 amplitudes were modulated by non-native
proficiency, i.e., the N400 became more native-like with increas-
ing proficiency (Midgley et al., 2009; Newman, Tremblay, Nichols,
Neville & Ullman, 2012; White et al., 2017), but see Wood Bowden,
Steinhauer, Sanz and Ullman (2013). For example, in a phoneme
discrimination task with French low and high proficient late lan-
guage learners of English, Heidlmayr et al. (2021) found a smaller
N400 effect for the low compared to the high proficient group of
late language learners. Therefore, with respect to our group of late
language learners, the N400 is likely to be delayed, or smaller in
size, compared to that in Paolieri et al. (2020) and (Peeters et al.,
2013).

In this study, we also focused on the P300 component to capture
the cognitive mechanisms underlying the successful mitigation of
CLI and the selection of the target language. The P300 is a positive-
going deflection of the EEG signal with a peak around 300 ms post-
stimulus onset. Early studies found that the P300 was elicited at
different topographical sites (Ritter & Vaughan, 1969), leading to
suggest separate P300 subcomponents. These subcomponents in-
clude the P3a, and the P3b (Barry et al., 2020; Polich, 2007). The
P3a component is a positive-going wave with a fronto-central dis-
tribution which occurs around 200 ms–300 ms post-stimulus onset.
In contrast, the P3b component was found in later 300 ms–400
ms time windows at centro-parietal electrodes (Hruby & Marsalek,
2003; Squires, Squires & Hillyard, 1975). Relevant to this study,
the P300 has been previously linked to cognitive processes such as
cognitive interference, cognitive control, working memory load and
inhibition (Barker & Bialystok, 2019; Luck, 1998; Neuhaus, Trem-
pler et al., 2010; Polich, 2007). More recently, the P300 was linked to
the allocation of attentional resources (Barker & Bialystok, 2019;
González Alonso et al., 2020). It is typically found with inhibit-
ory paradigms such as the Flanker task or the Oddball paradigm
(Eriksen & Eriksen, 1974; Pereira Soares et al., 2019). More relev-
ant to our study, it was also reported in paradigms which included
a Flanker task preceded by a linguistic task such as code-switching
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or picture-naming, e.g., in Bosma and Pablos (2020) and in Jiao,
Grundy, Liu and Chen (2020). These studies highlighted the crit-
ical role of the P300 in inhibition and in regulating native and
non-native language use. Our experimental paradigm relies on the
successful mitigation of CLI effects and the inhibition of the non-
target language. Therefore, the P300 is a critical component to
consider in this study alongside the N400.

3.1.3 The current study

In the current study, we explore the effect of CLI on the time
course of non-native NP production from a behavioural and neural
perspective. The goals of the present study are twofold. First, we
investigate how CLI affects behavioural measures and the EEG sig-
nal in non-native NP production. On the basis of the LRM model,
we use two CLI effects to characterise the unfolding and neural
signatures of individual production stages: lexical retrieval via the
gender congruency effect, and phonological encoding via the cog-
nate facilitation effect. Our second goal is to gain further insight
into the process of target language selection. More specifically, we
probe the locus of target language selection by investigating the two
CLI effects with respect to the individual production stages. There-
fore, our research questions are: first, are there traceable effects of
gender congruency (congruent vs. incongruent) and cognate status
(cognate vs. non-cognate) at the behavioural and neural processing
level in non-native NP production? Second, what can the temporal
unfolding of processing gender congruency and cognate status tell
us about the time course of non-native NP production? Finally,
during which processing stage is the target language selected dur-
ing non-native NP production?

We study non-native NP production in German late intermedi-
ate learners of Spanish with a B1/B2 proficiency level by employ-
ing an overt picture-naming task. We combine behavioural meas-
ures of naming accuracy and naming latencies with EEG record-
ings. We are particularly interested in the modulation of the P300
as an index for inhibitory control, and the N400 as an index for
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co-activation and CLI. To obtain information about the linguistic
background of our late language learners, we combine the Language
Experience and Proficiency Questionnaire, LEAP-Q (Marian et al.,
2007) with a Spanish vocabulary size test, the LexTALE-Esp (Izura
et al., 2014). To formulate the hypotheses for this study, we rely
both on the time estimates proposed by Indefrey and Levelt (2004),
Indefrey (2011), Bürki and Laganaro (2014) and Hoshino and Thi-
erry (2011), and on the theoretical framework and discussion of
ERP components outlined in the previous sections.

Hypotheses

Behavioural hypotheses. We predict effects of gender con-
gruency and cognate status on behavioural measures of naming
accuracy and naming latencies. For congruent and cognate nouns,
we predict a facilitatory CLI effect, reflected in higher naming ac-
curacy and shorter naming latencies compared to incongruent and
non-cognate nouns. In turn, this has direct implications for the time
course of non-native NP production. For congruent non-cognates
and incongruent cognates, we predict more subtle CLI effects. In
concrete behavioural terms, we expect lower naming accuracy and
longer naming latencies for congruent non-cognates compared to
congruent cognates, and higher naming accuracy and shorter nam-
ing latencies compared to incongruent non-cognates. On the other
hand, we anticipate the reverse pattern for incongruent cognates:
CLI would hinder gender processing, but act as a facilitator during
phonological processing and influence the time course of non-native
NP production.

EEG hypotheses. We first probe the presence of a P300 or
an N400 effect, as existing research remains inconclusive about
whether or not we can expect both components to be elicited in
our experimental paradigm. Further, we predict a modulation of
P300 and N400 as a function of condition. We expect smaller P300
and N400 amplitudes for producing congruent cognates compared
to incongruent non-cognates. This would reflect higher processing
costs and more involvement of the inhibitory control system for the
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latter. For congruent non-cognates and incongruent cognates, we
predict a similar degree of processing costs. These trials are subject
to both CLI facilitation and hindrance. Therefore, we do not expect
significant differences between congruent non-cognates and incon-
gruent cognates in terms of P300 and N400 amplitudes. However,
we do expect the P300 and N400 amplitudes for these particular
trials to be significantly larger compared to congruent cognates, and
to be significantly smaller for incongruent non-cognates. Therefore,
we expect the smallest P300 and N400 amplitudes for congruent
cognates, followed by larger amplitudes for congruent non-cognates
and incongruent cognates, and finally, the largest amplitudes for
incongruent non-cognates.

3.2 Methods

3.2.1 Participants

Thirty-three (twenty-seven females) healthy, right-handed nat-
ive German speakers with a B1/B2 level of Spanish were recruited
from the campus of the University of Konstanz (Mage = 23.06 years,
SDage = 2.47 years). At the time of testing, participants did not re-
port any psychological or language disorders, nor visual and hearing
impairments. Prior to the experiment, we provided all participants
with an information sheet. Next, they signed an informed consent
form before the experiment in compliance with the Ethics Code for
linguistic research in the Faculty of Humanities at Leiden Univer-
sity. Upon termination of all tasks, participants received a debrief
form, signed the final consent form and received a monetary com-
pensation.

LEAP-Q: linguistic profile of participants

Prior to the experimental session, the linguistic profile of par-
ticipants and their experience with Spanish was assessed using
LEAP-Q (Marian et al., 2007); see Appendix 3.A for details. We
opted for a home-based administration of the questionnaire to min-
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imise any self-report biases often induced by laboratory environ-
ment (Rosenman et al., 2011). The majority of participants (n =
31) reported English as their first non-native language (MAOA =
8.90, SDAOA = 1.90), while two participants learnt French as their
first foreign language (MAOA = 8.5, SDAOA = 2.5). A total of sixteen
participants learnt Spanish as second non-native language. Further,
Spanish was disclosed as third non-native language by fifteen parti-
cipants, and as fourth non-native language by two participants. The
mean AoA of Spanish was MAOA = 16.29 years (SDAOA = 2.39).
Participants reported to be fluent in Spanish on average at M =
18.53 years of age (SD = 2.29). They started to read in Spanish at
M = 17.27 years of age (SD = 3.03). Before the time of testing,
almost all participants (n = 31) spent some time in a Spanish-
speaking country (M = 0.96 years, SD = 0.69). On a scale from
one to ten (ten being maximally proficient), participants reported
a current speaking proficiency of M = 6.76 (SD = 1.00) in Spanish.
Further, they classified their comprehension proficiency with M =
7.34 (SD = 0.92) and finally, reading proficiency with M = 7.18
(SD = 1.07). On a scale from zero to ten (ten being maximally
exposed), participants quantified their exposure to Spanish at the
time of testing with M = 5.20 (SD = 2.48). This compares to an
exposure of M = 3.12 (SD = 2.31) to their first foreign language.
On a daily basis, this corresponded to an exposure to Spanish of M
= 10.03% (SD = 9.48) compared to the other languages. Expos-
ure to Spanish occurred via the following contexts: interaction with
Spanish native speakers, listening to Spanish radio shows, watch-
ing Spanish television, reading or self-instruction in Spanish. At the
time of testing, six participants reported a self-perceived proficiency
of Spanish as first non-native language, twenty-six participants as
second non-native language, and one participant as third non-native
language. We used this metric as a proxy for moderate confidence
levels with Spanish.

Noting here that most participants acquired one or more for-
eign languages prior to acquiring Spanish is important. Research
on CLI effects in L3 (L4, L5, etc.) language processing has demon-
strated that all languages within a multilingual system might af-
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fect processing in the target language (Lago et al., 2021; Lemhöfer
& Dijkstra, 2004; Rothman, 2015). Here, language dominance was
found to be a driving factor of CLI, in that more dominant lan-
guages are linked to stronger interference, compared to less dom-
inant languages (Francis & Gallard, 2005; Lago et al., 2021). In
our study, a total of eighteen participants reported that they had
acquired French, of which fourteen acquired it prior to Spanish.
AoA of French was M = 11.38 years of age (SD = 1.98). Accord-
ingly, speakers of French reported a speaking proficiency of M =
2.85 (SD = 0.87), a comprehension proficiency of M = 4.15 (SD =
1.46) and finally, a reading proficiency of M = 4.85 (SD = 1.72) on
a scale from one to ten. At the time of testing, exposure to French
was reported as M = 0.56 (SD = 2.72) on a scale from zero to
ten. Compared to the other languages, participants were exposed
to French M = 1.11% (SD = 1.41) on a daily basis. All participants
who had acquired French claimed a higher self-reported proficiency
for Spanish compared to French, which was reported as third non-
native language following Spanish. Therefore, on the basis of previ-
ous research (Lago et al., 2021), we predict only a limited influence
of French on CLI effects due to the low dominance and proficiency
of speakers in this language at the time of testing. Nevertheless,
we included the acquisition of French as a covariate in our analysis
to see whether this had an effect on our results. As discussed in
section 3.3, we did not find an effect on our outcome variables.

3.2.2 Materials and design

Prior to the experimental session, we asked participants to com-
plete the LEAP-Q. In the laboratory, they completed the LexTALE-
Esp vocabulary size test and an overt picture-naming task. We
measured EEG during the picture-naming task.

Tasks and stimuli

The LexTALE-Esp and the picture-naming task were both pro-
grammed in E-prime 2 (Schneider, Eschman & Zuccolotto, 2002)
and administered on a Windows 10 computer.
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LexTALE-Esp. We created an E-prime version of the Lex-
TALE -Esp task with identical instructions and stimuli. This task
was used to complement self-reported measures from the LEAP-Q
and the vocabulary size score was added as a covariate to sub-
sequent statistical analyses.

Picture-naming task. Our picture stimuli were obtained from
the MultiPic picture database (Duñabeitia et al., 2018). We selected
the picture stimuli according to two criteria: those with the highest
percentage of valid responses given by participants and those with
the highest percentage of participants giving the object’s exact
name. Then, each picture was assigned a gender congruency type
(congruent versus incongruent across German and Spanish) and
a cognate status (cognate versus non-cognate across German and
Spanish). The latter was based on the degree of semantic, phonolo-
gical and orthographic overlap. We excluded identical cognates [die
Kiwi ] – [el kiwi ] “the kiwi”, plural forms [die Brille] – [las gafas ]
“the glasses”, professions [die Sängerin] – [la cantante] “the (fe-
male) singer”, English loanwords [der Boomerang ] – [el boomerang ]
“the boomerang”, and translation equivalents of opposing genders
[der Esel ] – [laF mulaF/elM burroM ] “the donkey”. To increase eco-
logical validity of our stimuli, we modelled the distribution of ter-
minal morphemes in Spanish according to previous work by Clegg
(2011). Further, we included terminal phoneme of the target noun
as a covariate and item (i.e., the individual picture) as a random
effect in the statistical analyses (see sections 3.3.2. and 3.3.5. for
more details).

EEG recordings

EEG data were collected via the BrainVision Recorder software
(Version 1.23.0001) by Brain Products GmbH. We used an EasyCap
electrode cap following a standard 10/20 montage (Appendix 3.B).
Data were measured at thirty-two channel locations via passive elec-
trodes. We recorded the horizontal electrooculogram (HEOG) from
two electrodes at the outer canthus of the left and right eye. We
recorded the vertical electrooculogram (VEOG) from an electrode
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placed below the left eye. All electrodes were initially referenced
to channel Cz, which we later reused as a data channel during re-
referencing. The ground electrode was placed on the right cheek of
the participant. Impedances of the electrodes were checked and con-
figured using actiCAP Control Software (Version 1.2.5.3) by Brain
Products GmbH. We kept impedances below 5 kΩ for the reference
and ground electrode. For the remaining channels, impedances were
below 10 kΩ. The sampling rate was 500 Hz.

3.2.3 Procedure

LexTALE-Esp

Participants first completed the LexTALE-Esp task. During this
task, we presented them with a fixation cross at the centre of the
screen for 1,000 ms. This was followed by the visual presentation of
a letter string on the horizontal midline of the screen which corres-
ponded to either a Spanish word, or a pronounceable pseudo-word.
Participants were then asked to indicate via a button-press whether
or not the letter string corresponded to a Spanish word. The let-
ter string remained on the screen until the participant responded.
Each letter string was only shown once. The total number of trials
was 87, because we excluded three trials due to an overlap with
the experimental stimuli from the picture-naming task prior to the
experiment. Offline, we calculated the vocabulary size score by sub-
tracting the percentage of incorrectly identified pseudo-words from
the percentage of correctly identified words for each participant
(Izura et al., 2014). The maximum score was 100, whereas the min-
imum score varied as a function of false positives.

Picture-naming task

For the picture-naming task, we followed a 2 x 2 fully factorial
within-subjects design with two main manipulations: gender con-
gruency and cognate status. Half of the trials were congruent in
that the gender was similar across German and Spanish. The other
half of trials were incongruent, characterised by a dissimilarity in
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gender across German and Spanish. Further, half of congruent and
incongruent pictures were cognate words, and the other half were
non-cognate words (Table 3.2.1). There were 24 stimuli per condi-
tion, resulting in a total of 96 stimuli.

Table 3.2.1: Sample set of stimuli for the picture-naming task.

congruent incongruent

cognate
German dieF GiraffeF dieF MeloneF
Spanish laF jirafaF elM melónM

the giraffe the melon

non-cognate
German derM ArmM derM SchlüsselM
Spanish elM brazoM laF llaveF

the arm the key

Following the standard procedure in the field of speech pro-
duction, the task was divided into a familiarisation phase and an
experimental phase, with a total duration of 30–40 min. The fa-
miliarisation phase consisted of three rounds. In each round, parti-
cipants were exposed to all 96 stimuli pictures and were instructed
to overtly name each picture in Spanish using an NP construction
with the correct determiner and noun (e.g., [el brazo] “the arm”).
During this phase, the experimenter provided oral feedback on the
accuracy of the NP production by the participant whenever neces-
sary. Specifically, the correct determiner or noun was provided in
Spanish for cases where either the determiner or the noun, or both,
were incorrectly produced by the participant. In the experimental
phase, participants named the objects as fast and accurately as
possible using a Spanish NP. Participants’ EEG and voice were re-
corded exclusively during the experimental phase. A typical trial
was initiated with the display of a fixation cross for 1,000 ms, fol-
lowed by the display of the picture for 2700 ms in the centre of the
screen. Each picture was shown only once during the experimental
phase, resulting in a total of 96 trials. Trial order was randomized.
Participants were reminded throughout the experimental phase to
name the object as fast and accurately as possible and to reduce
all unnecessary movement. There was a short break after 50 trials
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to minimise participants’ fatigue.

3.3 Results

3.3.1 Behavioural data exclusion

Naming latencies and EEG data for one participant were lost
due to a malfunctioning microphone and a subsequent failure dur-
ing the EEG recording. Further two participants were excluded to
match the datasets included in the EEG analysis (see section 3.3.5
for details). In total, we included 30 datasets in this analysis.

3.3.2 Behavioural data analysis

We used Praat (Broersma & Weenink, 2019) to calculate naming
accuracy and naming latencies for each trial for the picture naming
task. Next, we analysed our behavioural data in RStudio Version
1.3.959 (R Core Team, 2020). We employed a single-trial modelling
approach using the lme4 package (Bates et al., 2020) to model our
two behavioural outcome variables, naming accuracy and naming
latencies. We modelled naming accuracy using generalised linear
mixed models (GLMM) and the glmer() function with a binomial
distribution. Next, we modelled positively skewed naming latencies
using the glmer() function in combination with a gamma distribu-
tion and the identity link function. Only correct trials were included
in our analysis of the naming latencies. For both outcome variables,
we generated the most theoretically plausible maximal model on the
basis of our hypotheses and our two main manipulations, gender
congruency and cognate status. To preserve statistical power and
to control for potential confounds, we added familiarisation phase
performance as a covariate to our statistical analysis, rather than
excluding trials where errors were made before the experimental
phase. Similarly, we added LexTALE-Esp score, target noun gender,
word length, order of acquisition of Spanish, acquisition of French
and terminal phoneme as covariates. Further, we included subject
and item as random effects. To establish the model of best fit for



Noun-phrase production as a window to language selection: An
ERP study 91

the picture-naming task, we followed a top-down model selection
procedure by testing for the significance of each factor (Barr, 2013;
Bates et al., 2018). In order to balance Type I error and power,
random effects were chosen as maximal as possible while avoiding
over-fitting (Matuschek et al., 2017). In the case of non-convergence
or singular fit, we simplified our model structure by removing first
interactions for random slopes; second, correlations between ran-
dom slopes; and finally, interactions between fixed effects and cov-
ariates. We used treatment coding as our contrast, which defaulted
to congruent trials and cognates as the reference level. Absolute
t-values greater than 1.96 were interpreted as statistically signific-
ant at α = 0.05 (Alday et al., 2017). Next, we performed model
comparisons using the anova() function based on the Akaike’s In-
formation Criterion, AIC (Akaike, 1974), the Bayesian Information
Criterion, BIC (Neath & Cavanaugh, 2012) and the log-likelihood
ratio. To perform model diagnostics, we checked the model fit by
plotting the model residuals against the predicted values.

3.3.3 Behavioural data results

LexTALE-Esp

The mean LexTALE-Esp score was M = 18.45 (SD = 20.52).
Scores were highly variable and ranged between -23 and 60, with 100
being the maximum score. Vocabulary scores of 60–80 on this task
were previously associated with C1–C2 proficiency levels (Lemhöfer
& Broersma, 2012), therefore all of our speakers fell below the B2
proficiency range.

Picture-naming task

We first calculated descriptive statistics for naming accuracy
and naming latencies for each condition (Table 3.3.1).
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Table 3.3.1: Mean naming accuracy and naming latencies (only correct
trials included) for each condition (n = 30).

Naming
accuracy (%)

Naming
latency (ms)

Condition Mean SD Mean SD

congruent/cognate 92.08 27.02 891 237
congruent/non-cognate 86.39 34.31 933 294
incongruent/cognate 87.22 33.41 971 313
incongruent/non-cognate 75.83 42.84 978 303

Naming accuracy. For naming accuracy, our model of best fit
included the main effects for gender congruency and cognate status,
and subject and item as random effects. Moreover, the covariates
LexTALE-Esp score and familiarisation phase performance were in-
cluded in the final model (Appendix 3.C). The remaining covariates
target noun gender, word length, order of acquisition, acquisition of
French and terminal phoneme resulted in non-convergence or sin-
gular fit and were therefore excluded from the model fitting pro-
cedure. The model of best fit was the following: naming accuracy
∼ gender congruency (congruent vs. incongruent) + cognate status
(cognate vs. non-cognate) + LexTALE-Esp score + familiarisation
phase performance (none correct vs. one correct vs. two correct vs.
three correct) + (1|subject) + (1|item). As predicted, participants
were marginally more accurate for congruent trials compared to in-
congruent trials with β = 0.636, 95% CI [0.403, 1.00], z = -1.95, p
= 0.052. Despite being included in the model of best fit, cognates
were not significantly different from non-cognates with β = 0.757,
95% CI [0.479, 1.20], z = -1.19, p = 0.233 (Figure 3.3.1).

Naming latencies. For naming latencies, our model of best fit
included a main effect for gender congruency as well as a random
effect for subject and item and a by-subject random slope for gender
congruency. Cognate status did not significantly improve the model
fit and was dropped from the model fitting procedure. Further, fa-
miliarisation phase performance was included as a covariate (Ap-
pendix 3.D). The best-fitting model was: naming latency ∼ gender
congruency (congruent vs. incongruent) + familiarisation phase
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performance (none correct vs. one correct vs. two correct vs. three
correct) + (gender congruency|subject) + (1|item). LexTALE-Esp
score, target noun gender, word length, order of acquisition, acquis-
ition of French and terminal phoneme resulted in non-convergence
or singular fit and were not included in the subsequent model fit-
ting procedure. Participants were significantly faster in naming con-
gruent items compared to incongruent items with β = 0.059, 95%
CI [0.002, 0.116], t = 2.04, p = 0.041 (Figure 3.3.1).

Figure 3.3.1: Mean naming accuracy by subject and condition (left) and
naming latencies by condition (right) for the picture-naming task (n =
30).

3.3.4 EEG data exclusion

The EEG data from the same participant where we lost the
voice recordings was also lost during the EEG data acquisition pro-
cess. Further, we determined a set of criteria to include data in
the EEG analyses. First, we only included trials where the correct
NP was produced. Second, only correct trials not contaminated by
artefacts (valid trials) were analysed. Finally, we set the inclusion
threshold for correct and valid trials at 60%. As a result, two addi-
tional data sets were excluded due to excess artefact contamination.
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See Appendix 3.E for rejection rates by condition.

3.3.5 EEG data pre-processing

Articulatory artefacts pose a serious challenge when examining
EEG data from word production tasks since they may contaminate
the signal (Ganushchak, Christoffels & Schiller, 2011; Grözinger,
Kornhuber & Kriebel, 1975; Porcaro, Medaglia & Krott, 2015).
Therefore, we applied a vigorous pre-processing procedure to sep-
arate the signal from artefacts using BrainVision Analyser 2.2. The
pre-processing procedure included the following steps: visual inspec-
tion of the raw data, re-referencing from Cz to the average mast-
oid electrodes (TP9 and TP10) and reusing Cz as a data channel,
filtering between 0.1 Hz and 30 Hz, linear derivation of the two
HEOG electrodes to form a combined channel for horizontal eye
movements, interpolation of noisy channels, ocular correction ICA
using VEOG and HEOG parameters, and finally, artefact rejection.
After pre-processing our EEG data, we added a unique voice onset
(VO) marker to every correct trial to mark the articulation on-
set for each participant. We then generated segments around the
picture onset markers and the VO markers for each participant
from -200 ms prior to picture onset to 1,200 ms after picture on-
set. Following segmentation, we applied baseline correction using
the 200 ms prior to picture onset until picture onset. A novelty of
our statistical analysis was the implementation of single-trial lin-
ear mixed effects models (LMM) for our EEG data (Frömer et al.,
2018). For this, we exported all available voltage samples from valid
segments for statistical analysis in RStudio (R Core Team, 2020).
In contrast to more traditional EEG analyses involving ANOVAs,
the assumptions for single-trial LMM do not include equal num-
ber of observations for each participant or uniform effects for each
participant. Instead, single-trial LMM capture by-subject and by-
item variance and therefore have superior explanatory power over
more traditional ANOVAs when modelling EEG data (Baayen et
al., 2008; Fröber et al., 2017).
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3.3.6 EEG data analysis

After exporting our EEG data, we performed a permutation
test to tentatively explore the locus of the effect of gender congru-
ency and cognate status (collapsed into the variable condition) on
voltage amplitudes. We used the permutes package (Voeten, 2019)
to calculate F-values across all electrodes and the entire available
time window between -200 ms and 1,200 ms with respect to stimu-
lus onset. Visual inspection of the outcome of the permutation test
revealed potential modulatory effects of condition in centro-parietal
areas between 350 ms and 600 ms post stimulus onset (Figure 3.3.2).
Previous literature on the distribution and time correlates of both
the P300 and the N400 support this outcome (Barry et al., 2020;
Koester & Schiller, 2008; Paolieri et al., 2020; Peeters et al., 2013;
Polich, 2007; Roelofs, Piai, Garrido Rodriguez & Chwilla, 2016).
Due to increased articulatory artefacts in EEG data closer to the
participant’s articulatory onset, we only explored the EEG data up
to a maximum of 600 ms post-stimulus onset (Porcaro et al., 2015).
On the basis of the outcomes of the permutation test and previous
literature, we defined nine topographic areas for our data channels.
Along the anterior-posterior axis, we defined anterior, central and
posterior regions. Each region was further divided into three smal-
ler regions: anterior left, anterior midline and anterior right regions;
central left, central midline and central right regions; and finally,
posterior left, posterior midline and posterior right regions. In line
with previous research on the P300 and the N400, we were partic-
ularly interested in a broader topography including the posterior
left, posterior midline and posterior right regions between 350 ms
and 600 ms post-picture onset. These channels included TP8, P8,
O2, Oz, O1, P7, TP7, CP4, P4, Pz, P3, CP3 and CPz (Appendix
3.B). In the statistical analysis, we modelled modulating effects of
condition on voltage amplitudes between 350 ms and 600 ms post-
stimulus onset. Furthermore, we controlled for confounding effects
of hemisphere, LexTALE-Esp score, familiarisation phase perform-
ance, target noun gender, word length, order of acquisition, acquis-
ition of French and terminal phoneme.
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Figure 3.3.2: Permutation test across all data electrodes for the time
window between -200 and 1,200 ms post-stimulus onset (n = 30). Larger
F-values are shown in darker colours and denote an increased likelihood
for a statistically relevant effect of our manipulations on voltage amp-
litudes.

3.3.7 EEG data results

Visual inspection of the voltage amplitudes for the selected
channels revealed the characteristic P1/N2 complex for early visual
processing (X. Cheng et al., 2010; Eulitz et al., 2000; Misra et al.,
2012; Schendan & Kutas, 2003). Further, visual inspection also re-
vealed a positive-going wave between 350 ms and 600 ms, consistent
with the topographic distribution of a P300 (Barry et al., 2020).
Next, Figure 3.3.3 shows a by-condition modulation of the EEG
signal between 350 and 600 ms, as tentatively suggested in the per-
mutation test (Figure 3.3.2). Descriptively speaking, we saw the
largest amplitudes for congruent cognates with M = 5.14 µV (SD
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= 9.29), followed by incongruent cognates with M = 5.05 µV (SD
= 9.24), congruent non-cognates with M = 4.88 µV (SD = 8.94),
and finally, incongruent non-cognates with M = 4.47 µV (SD =
9.04) in the 350 ms–600 ms time window. We found no indication
for an N400 effect prior to the 600 ms, after which the signal be-
comes increasingly noisy due to the proximity to the articulatory
onset. See Figure 3.3.4 for a visualisation of the individual channels
included in this analysis.

The model of best fit for voltage amplitudes included an interac-
tion effect of gender congruency and cognate status. Further, hemi-
sphere and familiarisation phase performance were included as co-
variates (Appendix 3.F). LexTALE-Esp score, target noun gender,
word length, order of acquisition, acquisition of French and terminal
phoneme did not significantly improve the model fit or led to over-
fitting. More specific to the covariate of acquisition of French, the
model comparison between the model with and without this partic-
ular covariate yielded χ2(1, n = 30) = 0.018, p = 0.893. We therefore
dropped acquisition of French from the model selection procedure.
In the model of best fit, item and subject emerged as random effects,
with a by-subject random slope for the interaction effect of gender
congruency and cognate status. The final model was: voltage amp-
litudes ∼ gender congruency (congruent vs. incongruent) * cognate
status (cognate vs. non-cognate) + hemisphere (left vs. midline vs.
right) + familiarisation phase performance (none correct vs. one
correct vs. two correct vs. three correct) + (gender congruency *
cognate status|subject) + (1|item). Voltage amplitudes were more
positive for congruent cognate nouns compared to incongruent non-
cognates with β = -0.684, 95% CI [-1.354, -0.014], t = -2.002, p =
0.045. The difference in amplitude between the remaining condi-
tions was not significant3.

3As per suggestion of a reviewer, we also explored left anterior negativity
(LAN) effects as a function of condition. Based on previous literature (Barber &
Carreiras, 2005; Friederici et al., 1999; Hahne & Friederici, 2001; Steinhauer et
al., 2009; Valente, Pinet, Alario & Laganaro, 2016; Weber-Fox & Neville, 1996),
we determined channels Fp1, F3, F7, FC3 and FT7 in left anterior regions as
our ROI, and the time window of interest between 300 ms and 500 ms post
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Figure 3.3.3: Voltage amplitudes by condition over time for channels
TP8, P8, O2, Oz, O1, P7, TP7, CP4, P4, Pz, P3, CP3 and CPz for the
picture-naming task (n = 30). The time window of interest from 350 ms
to 600 ms is highlighted in grey. Negativity is plotted up.

stimulus onset. The data show a negative-going wave peaking at around 450
ms post-stimulus onset, consistent with the topography of a delayed LAN.
However, there seemed to be little difference between the conditions in terms
of LAN voltage amplitudes. This was confirmed in our statistical analysis: The
model that contained condition as fixed effect was not significantly better than
the model that did not contain condition (χ2(3, n = 30) = 0.072, p = 0.995).
We therefore found no evidence for a by-condition modulation of the LAN in
this particular study.
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Figure 3.3.4: Voltage amplitudes by condition over time for each indi-
vidual electrode included in the analysis of the picture-naming task (n =
30). The time window of interest from 350 ms to 600 ms is highlighted
in grey. Negativity is plotted up.
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3.4 Discussion

The aim of this study was twofold: first, we examined CLI
of the gender systems and phonological systems to obtain a bet-
ter characterisation of the time course of non-native NP produc-
tion. Secondly, we explored which production stage was associ-
ated with the selection of the target language in a multilingual
language production configuration. We studied the gender congru-
ency effect to highlight CLI of the gender systems during lexical
retrieval. We predicted higher naming accuracy, shorter naming
latencies, less positive P300 amplitudes and less negative N400
amplitudes for congruent compared to incongruent nouns. Critic-
ally, this would indicate that the target language was not selected
prior to lexical retrieval. We also explored the cognate facilitation
effect to illustrate CLI during phonological encoding and expec-
ted higher naming accuracy, shorter naming latencies, less posit-
ive P300 amplitudes and less negative N400 voltage amplitudes for
cognates compared to non-cognates. The presence of a cognate fa-
cilitation effect would imply that the lexical entries from both the
target and non-target language actively competed during phonolo-
gical encoding, placing the locus of target language selection beyond
lexical retrieval (Christoffels et al., 2007; Colomé, 2001; Hoshino &
Kroll, 2008; Hoshino & Thierry, 2011; Pulvermüller et al., 2009;
Rodriguez-Fornells et al., 2005).

In line with our predictions, we found that participants were
significantly more accurate and faster at naming congruent nouns
compared to incongruent nouns. These behavioural findings are
important for two reasons: First, the presence of the gender con-
gruency effect suggests CLI during gender processing. Second, the
gender congruency effect also implies that the target language was
not selected before lexical retrieval. Yet, results from the gender
congruency effect alone cannot clarify whether CLI continued bey-
ond gender processing. Therefore, we complemented these findings
with results from the cognate facilitation effect. Despite a clear
descriptive trend, we found no evidence for a cognate facilitation
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effect at the behavioural level – in contrast to previous research on
the cognate status in non-native production (Acheson, Ganushchak,
Christoffels & Hagoort, 2012; Christoffels et al., 2007; Peeters et al.,
2013). There are two possible interpretations of this outcome: first,
our late language learners did not face CLI during phonological en-
coding. As a result, there were no detectable processing differences
between cognates and non-cognates. Critically, this would imply
that CLI may be resolved prior to phonological encoding and that
only the lexical entry from the target language is phonologically en-
coded. The second interpretation is that the behavioural measures
lacked the power to pick up on a fine-grained modulation based
on cognate status. Our EEG data are able to discriminate between
these two possible interpretations.

Despite clear evidence for a P300 effect, we did not find evidence
for an N400 effect in the time window of interest. This is somewhat
surprising given that previous research linked the N400 to language
co-activation, and to the neural correlates of the gender congruency
effect and the cognate facilitation effect (P. Chen et al., 2017; Paol-
ieri et al., 2020). However, studies also showed a reduced or delayed
N400 in speakers with lower proficiency levels (Heidlmayr et al.,
2021; Midgley et al., 2009; Weber-Fox & Neville, 1996). Therefore,
the N400 effect may have been absent, or delayed and masked by
articulatory artefacts.

Regarding the P300, its topographic characteristics are in line
with a P300 component in the time window between 350 ms and
600 ms, more specifically a P3b component (Barry et al., 2020;
Hruby & Marsalek, 2003; Polich, 2007; Squires et al., 1975). The
P300, in particular the P3b, has been linked to classical inhibitory
tasks as well as inhibitory tasks combined with a linguistic task
(Bosma & Pablos, 2020; Eriksen & Eriksen, 1974; Jiao et al., 2020;
Pereira Soares et al., 2019). Critically, it was proposed to reflect
general cognitive mechanisms such as inhibition, conflict resolu-
tion and cognitive interference, and more recently the recruitment
and allocation of attentional resources and working memory load
(Barker & Bialystok, 2019; González Alonso et al., 2020; Neuhaus,
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Urbanek et al., 2010; Polich, 2007, 2012; Wu & Thierry, 2013).
In order to successfully produce the correct NP in the target lan-
guage, speakers not only had to go through the multi-stage process
of language production, but had to simultaneously mitigate CLI
effects between the target and non-target language. Here, we ar-
gue that the P300 directly taps into this latter notion and that it
provides an index for this ongoing conflict between the target and
the non-target language. Our EEG data revealed a small, but ro-
bust by-condition modulation of P300 voltage amplitudes, reflected
in the interaction effect of gender congruency and cognate status.
As predicted, P300 amplitudes were significantly different for trials
with high processing costs and a larger involvement of the inhibit-
ory control system, i.e., incongruent non-cognate trials compared to
congruent cognate trials. Therefore, our results suggest quantitat-
ively different neural patterns for producing NPs subject to differ-
ential processing costs and inhibitory demands. More importantly,
this modulation of P300 amplitudes appeared to last until 600 ms
post-stimulus onset (and possibly beyond). This notion has direct
implications for the time course of non-native production because it
provides a clear time frame for the cognitive mechanisms underlying
the mitigation of CLI.

Our EEG results were indicative of the following: first, our
speakers faced CLI both during the processing of gender and cog-
nate status. Secondly, in line with the findings by Hoshino and Thi-
erry (2011) on the locus of target language selection, CLI appears
to continue beyond gender processing until at least phonological
encoding in late language learners. This finding favours the inter-
pretation that target language selection takes place after gender
processing. To the best of our knowledge, this is the first study
to report a P300 effect during overt non-native NP production in
a paradigm that was not explicitly about inhibitory control, but
instead included an implicit inhibitory control component. Similar
tentative EEG results are reported by González Alonso et al. (2020)
within the framework of third language acquisition of an artificial
mini-grammar.
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An interesting feature of the P300 effect was the elicitation of
more positive amplitudes for congruent and cognate nouns com-
pared to incongruent and non-cognate nouns. This is in contrast to
our original hypothesis, where we predicted less positive amplitudes
for congruent and cognate nouns compared to incongruent and non-
cognate. Notably, this particular pattern of behavioural and EEG
results has been previously reported in the literature in connection
to the cognate facilitation effect (Acheson et al., 2012; Christoffels et
al., 2007). For example, Acheson et al. (2012) used an overt picture-
naming task with unbalanced German-Dutch speakers to study con-
flict monitoring during bilingual language production with respect
to the Error-Related Negativity (ERN). They found faster nam-
ing latencies for cognates compared to non-cognates. However, this
was linked to more negative amplitudes for cognates from about 150
ms post-stimulus onset at the FCz electrode. Furthermore, Jiao et
al. (2020) measured EEG during a picture-naming task combined
with a flanker task in unbalanced Chinese-English bilinguals. Their
ERP results showed more positive P300 amplitudes for congruent
compared to incongruent flankers in centro-parietal regions, while
response times for congruent flanker trials were shorter compared to
incongruent flanker trials; see also Bosma and Pablos (2020). These
results mirror those from our study. On the other hand, studies have
also supported the more traditional notion of faster response times
or shorter naming latencies in combination with smaller ERP amp-
litudes for cognates compared to non-cognates (Comesaña et al.,
2012; Peeters et al., 2013; Strijkers et al., 2010; Xiong et al., 2020)
and smaller P300 amplitudes for congruent trials in the flanker task
(Wu & Thierry, 2013). Therefore, our behavioural and EEG pat-
terns are by no means unusual. Instead, they suggest a clear involve-
ment of inhibitory control and acutely reflect the critical processes
linked to successful non-native NP production. We propose that
this study highlights the significance of the P300 as an index for
the cognitive processes underlying the mitigation of CLI and the
selection of the target language. Nevertheless, given the scarcity
in terms of research, the directionality of the P300 effect elicited
during non-native NP production warrants closer inspection in the
future.
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Taken together, we found traceable effects of CLI both at the
behavioural and at the neural level, establishing CLI as a signific-
ant modulator of the time course of non-native NP production. This
has implications for the time course of the production processes in
non-native NP production, as reflected in naming accuracy, nam-
ing latencies and ERP patterns with respect to gender processing
and phonological processing. CLI acts both as a facilitator and a
hindrance during the production process: on one hand, there is
a processing advantage for congruent and cognate nouns. On the
other hand, this appears to be less the case for incongruent and non-
cognate nouns. Moreover, our findings suggest that late language
learners not only face CLI during early production stages and lex-
ical retrieval, but possibly also during later phonological processing
stages of phonological encoding. In turn, this implies that lexical
entries from both the target and non-target language are selec-
ted for phonological processing, thereby shifting the locus of target
language selection until phonological encoding or after it. Arguably,
this highlights the complexity of non-native production processes
compared to the production process in native-like speakers. Given
the design of our study, we cannot exclude the possibility that our
speakers resolve CLI between target and non-target language at
even later production stages, e.g., the phonetic encoding stage. Yet,
our findings have important implications for characterising the the-
oretical and neural underpinnings of the time course of non-native
production processes, in particular for speakers with intermediate
proficiency levels. Further, our findings add novel evidence to the
debate about the locus of target language selection in late language
learners.

3.4.1 Conclusions and future directions

In this study, we found traceable CLI effects at the behavioural
and the neural level. More specifically, speakers faced CLI during
gender processing and during phonological processing, which in turn
impacted the time course of non-native production. In terms of the
locus of target language selection, our findings suggested that the
target and non-target language remained active at least until phon-
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ological encoding. Our findings have important theoretical implic-
ations for the conceptualisation of non-native production mechan-
isms, and warrant further exploration with regard to subsequent
production stages and the exact involvement of inhibitory control
in non-native NP production. Finally, we argue that there should
be an increased focus on both the P300 component as an index
of CLI and lower proficiency levels in studies on non-native NP
production.
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Appendix

3.A Linguistic profile: German-Spanish

group

Table 3.A.1: Overview of the native and non-native languages acquired by
the participants of the current study (N = 33) according to the LEAP-Q
(Marian et al., 2007).

L1 L2 L3 L4 L5 Total

German n = 33 33
Spanish n = 16 n = 15 n = 2 33
English n = 31 n = 2 33
French n = 2 n = 11 n = 5 18
Latin n = 3 n = 1 n = 1 5
Russian n = 1 n = 1 2
Swedish n = 1 1
Portuguese n = 2 2
Arabic n = 1 1
Catalan n = 1 1
Italian n = 1 1
Mandarin n = 1 1

Total 33 33 33 22 10
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3.B EEG montage

Figure 3.B.1: Electrode positions following a 10/20 montage. Electrodes
included in the analysis are highlighted in purple.
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3.C Model parameters: naming accur-

acy

Table 3.C.1: Model of best fit for naming accuracy, including estimated
means, confidence intervals errors and z-values (n = 30). Note that effect
estimates are reported as log odds.

Formula: naming accuracy ∼ gender congruency (congruent vs. in-
congruent) + cognate status (cognate vs. non-cognate) + LexTALE-
Esp score + familiarisation phase performance (none correct vs. one
correct vs. two correct vs. three correct) + (1|subject) + (1|item)

Term Odds ratio [95% CI] z-value p-value

(Intercept) 0.497 [0.250, 0.990] -1.99 0.047
Gender
congruency
[incongruent]

0.636 [0.403, 1.00] -1.95 0.052

Cognate status
[non-cognate]

0.757 [0.479, 1.20] -1.19 0.233

LexTALE-Esp
score

1.02 [1.01, 1.04] 2.72 0.007

Familiarisation
phase
performance
[one correct]

7.26 [4.58, 11.50] 8.44 < 0.001

Familiarisation
phase
performance
[two correct]

30.50 [18.85, 49.37] 13.91 < 0.001

Familiarisation
phase
performance
[three correct]

71.01 [42.32, 119.15] 16.14 < 0.001

Random effects
σ2 3.29
τ00Item 0.66
τ00Subject 0.53
ICC 0.27
NSubject 30
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NItem 96

Observations 2,880
Marginal R2/
Conditional R2

0.341/0.516



112 From oscillations to language

3.D Model parameters: naming laten-

cies

Table 3.D.1: Model of best fit for naming latencies, including estimated
means, confidence intervals errors and z-values (n = 30). Note that effect
estimates are reported in seconds.

Formula: naming latency ∼ gender congruency (congruent vs.
incongruent) + familiarisation phase performance (none correct
vs. one correct vs. two correct vs. three correct) + (gender
congruency|subject) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 1.43 [1.32, 1.55] 25.04 < 0.001
Gender
congruency
[incongruent]

0.059 [0.002, 0.116] 2.04 0.041

Familiarisation
phase
performance
[one correct]

-0.180 [-0.267, -0.092] -4.02 < 0.001

Familiarisation
phase
performance
[two correct]

-0.419 [-0.501, -0.337] -9.98 < 0.001

Familiarisation
phase
performance
[three correct]

-0.495 [-0.577, -0.412] -11.76 < 0.001

Random effects
σ2 0.05
τ00Item 0.00
τ00Subject 0.00
τ11Subject[incongruent] 0.00
ρ01Subject -0.14
ICC 0.16
NSubject 30
NItem 96
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Observations 2,459
Marginal R2/
Conditional R2

0.184/0.312

3.E EEG data: by-condition trial rejec-

tion rates

Table 3.E.1: Rejection rates for each condition for the EEG data of the
picture-naming task (n = 30).

Condition Rejection
rate (%)

Rejected
trials

Total
valid
trials

congruent/cognate 3.47 23 663
congruent/non-cognate 4.02 25 622
incongruent/cognate 3.34 21 628
incongruent/non-cognate 4.95 27 546

Average per condition 3.94 24 614.75

Total across
conditions

96 2459
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3.F Model parameters: P300 compon-

ent

Table 3.F.1: Model of best fit for voltage amplitudes, including estim-
ated means, confidence intervals and t-values (n = 30). Note that effect
estimates are reported in µV.

Formula: voltage amplitudes ∼ gender congruency (congruent vs. in-
congruent) * cognate status (cognate vs. non-cognate) + hemisphere
(left vs. midline vs. right) + familiarisation phase performance (none
correct vs. one correct vs. two correct vs. three correct) + (gender
congruency * cognate status|subject) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 5.27 [4.32, 6.23] 10.84 < 0.001
Condition [incon-
gruent/cognate]

-0.075 [-0.802, 0.652] -0.203 0.839

Condition
[congruent/non-
cognate]

-0.254 [-0.916, 0.409] -0.751 0.453

Condition
[incongruent/
non-cognate]

-0.684 [-1.36, -0.014] -2.00 0.045

Hemisphere
[midline]

1.98 [1.96, 2.01] 170.06 < 0.001

Hemisphere
[right]

-0.710 [-0.730, -0.691] -70.30 < 0.001

Familiarisation
phase
performance [one
correct]

-0.106 [-0.180, -0.033] -2.85 < 0.001

Familiarisation
phase
performance [two
correct]

0.026 [-0.043, 0.095] 0.742 0.458

Familiarisation
phase
performance
[three correct]

-0.333 [-0.402, -0.263] -9.35 < 0.001

Random effects
σ2 76.06
τ00Item 1.01
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τ00Subject 5.79
τ11Subject[incongr/cogn] 1.60
τ11Subject[congr/non−cogn] 0.90
τ11Subject[incongr/non−cogn] 0.97
ρ01Subject[incongr/cogn] -0.33
ρ01Subject[congr/non−cogn] -0.39
ρ01Subject[incongr/non−cogn] -0.42
ICC 0.08
NSubject 30
NItem 96

Observations 3,873,870
Marginal R2/
Conditional R2

0.014/0.089





CHAPTER 4

Cross-language effects in comprehension and

production: the case of Italian-Spanish speakers

4.1 Introduction

In Chapters 2 and 3 of this thesis, we explored cross-linguistic in-
fluence (CLI) between German and Spanish in non-native compre-
hension and production in German late language learners of Span-
ish with intermediate proficiency levels (Von Grebmer Zu Wolfs-
thurn et al., 2021a; Von Grebmer Zu Wolfsthurn, Pablos-Robles &
Schiller, 2021b). In this chapter, we expanded on this previous work
and applied the experimental design to a linguistically more similar
language pair: Italian and Spanish. Both of these languages show a
significant overlap in terms of morphosyntax, cognates and phono-
logy (Serratrice, Sorace, Filiaci & Baldo, 2012; Schepens, Dijkstra,
Grootjen & Van Heuven, 2013; Van der Slik, 2010). Therefore, they
can be considered as linguistically more similar compared to Ger-
man and Spanish. In line with the previous chapters, the primary
aim of the present chapter was the following: we examined how con-
gruency type (i.e., gender congruent or incongruent across Italian
and Spanish) and cognate status (i.e., cognate or non-cognate across
Italian and Spanish) influenced behavioural and electrophysiolo-
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gical measures of non-native comprehension and production in a
syntactic violation task and in a picture-naming task. We focused
on the gender congruency effect (Klassen, 2016; Morales et al., 2016)
and the cognate facilitation effect (Costa et al., 2005). As discussed
in the previous chapters, the gender congruency effect represents
CLI at the level of gender and is typically reflected in more accurate
and faster processing of gender congruent compared to incongruent
nouns, e.g., [ilM caneM - elM perroM ] “the dog” vs. [ilM tavoloM -
laF mesaF ] “the table”. On the other hand, the cognate facilitation
effect represents CLI at the orthographic and the phonological level
and manifests itself in more accurate and faster processing of cog-
nates compared to non-cognates, e.g., [trattore - tractor] “tractor”
vs. [viso - cara] “face” (Costa et al., 2005; Lemhöfer et al., 2008,
2004; Paolieri et al., 2020). In the current chapter, we subsequently
explored the interplay between Italian and Spanish at the level of
gender, and at the level of orthography and phonology.

From the perspective of non-native comprehension, we embed-
ded our study within the broader theoretical framework of how mul-
tilingual speakers represent gender. On the one hand, the gender-
integrated representation hypothesis predicts CLI of the gender sys-
tems (Bordag & Pechmann, 2007; Morales et al., 2016; Salamoura &
Williams, 2007) due to shared gender systems across languages. On
the other hand, the gender-autonomous representation hypothesis
does not predict such an interplay between languages and proposes
independent gender systems for each language (Costa et al., 2003).
Similar to Chapter 2, in this chapter we studied how gender con-
gruency influenced non-native syntactic processing in noun phrases
such as [elM perroM ] “the dog”. We additionally explored cognate
status as a potential modulator of syntactic processing in order
to examine a possible interaction effect alongside gender congru-
ency. Moreover, we aimed to characterise the neural correlates of
syntactic processing in late language learners: some studies sugges-
ted that language learners may be less sensitive to syntactic viola-
tions compared to more proficient speakers, as reflected in smaller
event-related potentials or ERPs (Foucart & Frenck-Mestre, 2012;
Gillon-Dowens et al., 2010; Hahne, 2001; Tokowicz & MacWhinney,
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2005; Weber-Fox & Neville, 1996; Zawiszewski & Laka, 2020), but
see Von Grebmer Zu Wolfsthurn et al. (2021a) in Chapter 2 for
contrasting results. Results from the study conducted in Chapter
2 suggested a separate influence of gender congruency and cog-
nate status in German-Spanish and also provided evidence for the
gender-integrated representation hypothesis (Bordag & Pechmann,
2007; Salamoura & Williams, 2007). Critically, those previous res-
ults for German-Spanish speakers showed the ERP effect typically
linked to syntactic violation processing, namely the P600 compon-
ent (Steinhauer et al., 2009; Von Grebmer Zu Wolfsthurn et al.,
2021a). However, it is unclear whether these results are also applic-
able to a linguistically more similar language pair such as Italian
and Spanish.

From the perspective of non-native production, the primary
motivation behind both the current study and previous work in
Chapter 3 (Von Grebmer Zu Wolfsthurn et al., 2021b) was to ex-
amine the effect of CLI on the time course of non-native production.
We again focused on the gender congruency effect and the cognate
facilitation effect. Both features were shown to significantly modu-
late non-native production (Lemhöfer et al., 2008; Midgley et al.,
2011; Paolieri et al., 2020; Peeters et al., 2013). By extension, this
implied that speakers experienced CLI during non-native produc-
tion. Similar to Chapter 3, the current chapter was concerned with
the modulation of the time course of non-native production in light
of CLI and the locus of target language selection. We used the
LRM model (Levelt et al., 1999) of single word production to test
two contrasting accounts of target language selection: one theor-
etical account previously suggested that the target language was
selected before or upon lexical retrieval (Hermans et al., 1998; Lee
& Williams, 2001). In contrast, a second account postulated that
the target language was selected after lexical retrieval (Christoffels
et al., 2007; Colomé, 2001; Hoshino & Thierry, 2011). To discrimin-
ate between these two accounts, in this chapter we used the gender
congruency effect to examine the lexical retrieval stage, and the cog-
nate facilitation effect to explore the phonological encoding stage
described in the LRM model (Levelt et al., 1999). Results from the
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German-Spanish speakers from Chapter 3 suggested first, that CLI
was traceable at the level of gender and cognates; and second, that
CLI continued beyond lexical retrieval into phonological encoding.
Moreover, we provided evidence for the P300 ERP component as
an index for the mitigation of CLI. Yet, it remains unclear whether
these findings were applicable to speakers of highly similar lan-
guages (e.g., Italian and Spanish).

Taking previous chapters from this thesis as its starting point,
the current chapter extends on the findings reported in Chapters
2 and Chapter 3 and applies an almost identical theoretical frame-
work and methodology to a linguistically highly similar language
pair, namely Italian and Spanish. The tasks used in this study were
modelled after previous work by Von Grebmer Zu Wolfsthurn et al.
(2021a) for the syntactic violation task, and after Von Grebmer
Zu Wolfsthurn et al. (2021b) for the picture-naming task. In the
next sections, we separately discuss the syntactic violation task and
the picture-naming task, followed by a more general discussion.

4.2 Syntactic violation task

4.2.1 Research questions

For the syntactic violation task, the research questions were
identical to the ones outlined in Von Grebmer Zu Wolfsthurn et al.
(2021a). The questions were as follows: first, whether there was
an effect of gender congruency (congruent vs. incongruent) and
cognate status (cognate vs. non-cognate) on processing syntactic
violations; second, whether there was a P600 effect in late lan-
guage learners; and finally, whether the P600 effect was modulated
by gender congruency and cognate status. Therefore, our focus in
terms of the neural correlates of CLI in non-native comprehension
was the P600 effect, see Chapter 2 and Von Grebmer Zu Wolfsthurn
et al. (2021a).
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Hypotheses

We first predicted that participants would be more accurate
and faster during non-violation trials compared to violation trials.
Second, we also predicted participants to be more accurate and
faster for congruent and cognate trials compared to incongruent
and non-cognate trials. Critically, we expected gender congruency
and cognate status to have a joint effect on syntactic violation pro-
cessing: we expected participants to be most accurate and fastest for
congruent cognates compared to incongruent non-cognates, in line
with the hypotheses in Von Grebmer Zu Wolfsthurn et al. (2021a).
We empirically tested this by aggregating gender congruency and
cognate status into the variable condition and by including an in-
teraction term for violation type and condition in the statistical
model.

For the EEG data for the syntactic violation task, we expec-
ted larger voltage amplitudes in centro-parietal regions around 500
ms to 900 ms post-stimulus onset for violation trials compared to
non-violation trials. This would be evidence for a classical P600
effect (Von Grebmer Zu Wolfsthurn et al., 2021a). Moreover, we
expected an interactive effect of gender congruency and cognate
status on P600 effect amplitudes. More specifically, we predicted a
larger P600 effect for congruent cognates compared to incongruent
non-cognates. This would not only be evidence for CLI at the level
of gender and cognates, but also that these two linguistic features
have a joint influence on the neural correlates underlying syntactic
violation processing. Similar to the behavioural analysis, we tested
for this by including an interaction effect for violation type and
condition in our statistical analysis.

4.2.2 Methods

Prior to the experiment, participants were asked to complete
the Language Proficiency and Experience Questionnaire, LEAP-Q
(Kaushanskaya, Blumenfeld & Marian, 2020; Marian et al., 2007).
This questionnaire was designed to establish a detailed picture
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about the linguistic profile of each participant with respect to the
acquired languages. During the experiment, participants completed
the LexTALE-Esp (Izura et al., 2014), a lexical decision task to
measure vocabulary size in Spanish. Participants then alternated
between completing the syntactic violation task, as described in
Von Grebmer Zu Wolfsthurn et al. (2021a), and the picture-naming
task, as described in Von Grebmer Zu Wolfsthurn et al. (2021b).
The picture-naming task is described separately in section 4.3. We
recorded participants’ EEG during both of these latter tasks.

Participants

Participants were 33 native Italian late learners of Spanish liv-
ing in Barcelona and tested at Pompeu Fabra University. Twenty-
four of our participants were female, and participants’ mean age
was 27.12 years (SD = 4.08). Recruitment criteria were the follow-
ing: right-handedness, no language, reading or psychological impair-
ments, no second language learnt before five years of age, between
18 and 35 years old and acquisition of Spanish after fourteen years
of age. Moreover, participants who had lived in a Spanish-speaking
country for more than one year were not included in this study. Crit-
ically, participants had to have a B1/B2 level of Spanish (Council
of Europe, 2001). This proficiency level was established first, by re-
cruiting participants directly from Spanish language courses for this
specific level; and second, by using the measures obtained from the
LEAP-Q and the LexTALE-Esp as an additional proxy indicator for
their proficiency in Spanish. Participants acquired Spanish at the
age of M = 23.94 (SD = 5.07). They reported oral fluency in Span-
ish at the age of M = 24.89 (SD = 4.48). Reading onset age was M
= 24.36 (SD = 4.91) and reading fluency was reached at the age of
M = 24.24 (SD = 4.82). On average, participants had spent M =
0.46 years (SD = 0.34) in a Spanish-speaking country. Their self-
rated mean speaking proficiency was M = 6.09 (SD = 1.76), their
comprehension proficiency M = 7.26 (SD = 1.67) and their reading
proficiency M = 7.36 (SD = 1.48) on a scale from one to ten, with
ten being maximally proficient. Two participants acquired Spanish
as their first foreign language, eighteen participants as their second,
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ten participants as their third and three participants as their fourth
foreign language. Further, thirteen participants reported Spanish as
their current second most dominant language after Italian, fourteen
as their third, five as their fourth and one participant as their fifth
most dominant language. See Appendix 4.A for an overview of the
other languages participants reported in the LEAP-Q.

Tasks and stimuli

We used the original LexTALE-Esp by Izura et al. (2014), but
excluded three stimuli words for both groups due to overlap with the
stimuli from the syntactic violation task. The critical manipulation
in this task was condition (word vs. pseudoword). We then selected
stimuli from the MultiPic database (Duñabeitia et al., 2018) and
the Spanish Frequency Dictionary (Davies & Davies, 2017). Both
databases included common nouns and pictures of objects in Span-
ish. We chose highly frequent nouns and pictures where the highest
percentage of the correct name of the object was provided in the
norming phase. Next, each selected noun was assigned a congruency
type (i.e., either congruent or incongruent across Italian and Span-
ish), and a cognate status (i.e., either a cognate or a non-cognate in
Italian and Spanish). Cognate status was defined based on ortho-
graphic and phonological overlap, and only recognisable cognates
were included as stimuli in the respective tasks. Importantly, we did
not include identical cognates (e.g., il taxi - el taxi [the taxi]), plural
forms of nouns (e.g., gafas [glasses]), professions, English loan words
or words with multiple translation equivalents (e.g., el asno/el burro
[the donkey]). We modelled the distribution of terminal phonemes
of the nouns according to the natural terminal phoneme distribu-
tion in Spanish to increase the ecological validity of our stimuli
(Clegg, 2011). Further, we included a balanced ratio of feminine-
to-masculine nouns, and controlled for syllable length in our stimuli.
See Table 4.2.1 for an example set of stimuli for the syntactic viola-
tion task. The design was a 2 x 2 x 2 fully factorial within-subjects
design with violation type (non-violation vs. violation), congruency
type (congruent vs. incongruent) and cognate status (cognate vs.
non-cognate) as our three critical manipulations.
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Table 4.2.1: Example stimuli for the syntactic violation task, illustrating
the three manipulations of violation type, gender congruency and cognate
status.

non-violation

congruent incongruent

cognate
Italian ilM trattoreM ilM grassoM
Spanish elM tractorM laF grasaF

the tractor the fat

non-cognate
Italian ilM caneM ilM tavoloM
Spanish elM perroM laF mesaF

the dog the table

violation

congruent incongruent

cognate
Italian ilM paneM laF labbraF
Spanish *laF panM *laF labioM

the bread the lip

non-cognate
Italian ilM fiumeM ilM visoM
Spanish *laF ŕıoM *elM caraF

the river the face

Procedure

During the experiment, participants were comfortably seated in
front of a computer screen in an experimental booth. They were
provided with an information sheet and gave informed consent be-
fore proceeding to the tasks, in line with the ethics guidelines at the
Faculty of Humanities at Leiden University. Participants completed
the LexTALE-Esp before the syntactic violation task. Both tasks
were programmed in E-prime2 (Psychology Software Tools, Inc).

The procedure for the LexTALE-Esp and the syntactic viola-
tion task for each task was identical to Von Grebmer Zu Wolfsthurn
et al. (2021a). For the LexTALE-Esp, participants made a lexical
decision on whether or not the string on the screen was a Span-
ish word while accuracy was measured. Post-task, we calculated
a LexTALE-Esp vocabulary scores by subtracting the percentage
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of yes-answers to pseudowords from the percentage of yes-answers
to words. The resulting vocabulary size score (LexTALE-Esp score)
was included as a covariate in the analysis of the syntactic violation
task. For the syntactic violation task, participants were instructed
to use keyboard buttons to indicate their familiarity with the noun,
and to then provide a judgement as accurately and fast as possible
of whether or not the presented noun phrase was correct. during this
task, we measured both accuracy and response times (RTs), as well
as voltage amplitudes. The two major differences to the procedure
in Chapter 2 were first, that the stimuli differed significantly for
the Italian-Spanish group due to constraints by gender congruency
type and cognate status; and second, that the information sheet,
the consent form, the oral and written task instructions and the
debrief were provided in the participants’ native language Italian.

EEG recordings

EEG data were collected from 32 active Ag/AgCl channels at
500 Hz configured in a 10/20 montage from BrainProducts. Chan-
nel FT9 was placed underneath the left eye to record the vertical
electrooculogram (VEOG), and channel FP10 on the outer canthus
of the left eye to record the horizontal electrooculogram (HEOG).
We positioned the ground electrode on the participants’ right cheek.
The original reference channel was FCz, and the impedances for all
channels were configured to be below 10kΩ for optimal EEG signal
conductivity. EEG data was recorded using BrainVision Recorder
(BrainProducts GmbH).

4.2.3 Results

Behavioural data analysis

The behavioural data analysis procedure was identical as in Von
Grebmer Zu Wolfsthurn et al. (2021a). Moreover, we included the
same participants in the behavioural analyses and in the EEG ana-
lyses, see the next section. Subsequently, 29 of the 33 participants
were included for the analysis of this task. To model accuracy and
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RTs, we employed a linear mixed effects model (LMM) approach
(Baayen et al., 2008) in R via RStudio (R Core Team, 2020) using
the lme4 package (Bates et al., 2020). Our model selection pro-
cedure was as follows: first, we separately specified a theoretically
plausible maximal model for accuracy and for RTs. More concretely,
we specified a generalised linear mixed effects model (GLMM) with
a binomial distribution to model accuracy for familiar trials, and a
GLMM with a gamma distribution and the identity link function
to model positively skewed RTs for familiar and correct trials (Lo
& Andrews, 2015). Each maximal model included the interaction
term for violation type and condition, the variable aggregating both
congruency type and cognate status. Further, we included several
covariates, such as LexTALE-Esp score, terminal phoneme of the
target word, target noun gender and order of acquisition of Spanish.
Moreover, we included random intercepts for each participant and
individual item, as well as by-participant random slopes for the ef-
fect of condition. In a second step, in the case of non-convergence or
singular fit of the model, we first simplified the random effects struc-
ture. We then tested for the statistical relevance of the covariates
and interaction effects by systematically comparing models with an
without a particular term by using the anova() function. For each
model, we performed model diagnostics to assess the goodness of fit
via the DHARMa package (Hartig, 2020). Absolute test-statistics
larger than 1.96 were interpreted as being statistically significant
at α = 0.05 (Alday et al., 2017). Treatment coding was our default
contrast.

EEG data exclusion

Our inclusion criteria for the EEG analysis for this task were
the following: we only included trials where participants had in-
dicated familiarity with the noun prior to the experimental trial.
Second, trials which were incorrectly identified as violations or non-
violations were excluded, as were trials containing artefacts. Tak-
ing these criteria together, we only included participants with more
than 60% of (valid) trials left in their data. Subsequently, we ex-
cluded four participants from the EEG analysis, adding to a total
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of 29 included datasets. The same datasets were included in the
behavioural data analysis.

EEG data pre-processing

We thoroughly pre-processed the EEG data to increase the
signal-to-noise ratio and to minimise noise related to artefacts, for
example jaw muscle movement, eye blinks, or other external in-
terferences (Ganushchak, Christoffels & Schiller, 2011; Porcaro et
al., 2015). For this, we used BrainVision Analyzer (BrainProducts
GmbH). As the first pre-processing step, we applied the average
of the mastoid electrodes TP9 and TP10 as the new references. In
this, FCz was reused as a regular data channel. Next, we filtered the
data using a high-pass filter of 0.1 Hz, and a low-pass filter of 30 Hz.
Channel interpolation was performed if deemed appropriate given
the quality of the surrounding channels. We then performed resid-
ual drift detection in preparation for ocular independent component
analysis (ICA) for blink correction. After this step, we performed
an artefact search across all data channels. The criteria for arte-
fact detection were the following: for gradient, the maximal voltage
step was defined as 50 µV/ms, the maximal difference in 100 ms
- intervals as 200 µV, the maximal amplitude as ± 200 µV, and
the lowest allowable amplitudes in 100 ms - intervals as 0.5 µV.
In a final step, we segmented our EEG signal on the basis of the
stimulus onset, thereby generating segments between -200 ms prior
and 1,200 ms post-stimulus. Segments were then baseline-corrected
using the activity in the 200 ms prior to the stimulus onset. We ex-
ported all available valid segments for each channel and participant.
As described above, we defined valid trials as those trials where
participants had indicated familiarity with the noun, provided a
correct response and were artefact-free for the statistical analysis
(Christoffels et al., 2007).

EEG data analysis

We performed a cluster-based permutation analysis on the ex-
ported EEG data to determine our region of interest (ROI). For this,



128 From oscillations to language

we used the permutes package (Voeten, 2019) in R. This analysis is
particularly powerful because it reveals potentially significant dif-
ferences in voltage amplitudes by condition for each channel. The
outcome is measured in F-values, with larger F-values indicating an
increased likelihood for a statistically relevant effect of our manipu-
lations on voltage amplitudes. The permutation analysis suggested
channels C4, CP2, CP6, P3, P4, P7, P8 and Pz in centro-parietal
regions as ROI in the time-window between 500 ms and 800 ms.
We then performed the statistical analysis using these channels as
our ROI. See Figure 4.2.1 for the permutation analysis outcome for
this task.

Figure 4.2.1: Permutation test outcome for the syntactic violation task
(n = 29). Larger F-values are shown in darker colours and denote an
increased likelihood for a statistically relevant effect of our manipulations
on voltage amplitudes.
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Similar to the behavioural analyses, we followed a single-trial
LMM approach for the EEG data analysis using the lme4 package
(Bates et al., 2020). We based this approach on work by Frömer et
al. (2018). In this, we examined voltage amplitudes from all expor-
ted valid segments. The modelling procedure was as follows: first,
we specified a theoretically feasible maximal LMM model using a
Gaussian distribution. The maximal model consisted of the inter-
action between violation type and condition (which combined con-
gruency type and cognate status into a single variable), the covari-
ates channel, LexTALE-Esp score, terminal phoneme of the target
word, target noun gender and order of acquisition of Spanish, ran-
dom intercepts for each participant and individual item, and finally,
correlated by-participant random slopes for the effect of violation
type and condition. We did not specify an interaction random slope
with violation type to avoid over-parametrisation (Matuschek et
al., 2017). Next, we thoroughly evaluated the goodness of fit of this
model using the DHARMa package (Hartig, 2020). In the event
of non-convergence, we simplified the random effects structure, fol-
lowed by the systematic evaluation of the contribution of the co-
variates in the fixed effects structure. We then performed model
comparisons using the anova() function to establish our model of
best fit. We again used treatment coding as our contrast, and ab-
solute test-statistics larger than 1.96 were interpreted as showing a
significant effect on voltage amplitudes at α = 0.05 (Alday et al.,
2017).

Data results

We first calculated descriptive statistics for mean accuracy and
RTs. See Table 4.2.2 for mean accuracy per condition and Table
4.2.3 for mean RTs per condition.



130 From oscillations to language

Table 4.2.2: Mean accuracy for each condition for the syntactic violation
task (n = 29).

Condition Mean
accuracy

(%)

SD

non-violation/congruent/cognate 96.65 18.01

non-violation/congruent/non-cognate 96.47 18.47

non-violation/incongruent/cognate 85.97 34.76

non-violation/incongruent/non-cognate 93.72 24.28

violation/congruent/cognate 93.17 25.25

violation/congruent/non-cognate 95.56 20.63

violation/incongruent/cognate 82.75 37.81

violation/incongruent/non-cognate 91.99 27.17

Table 4.2.3: Mean RTs for each condition for the syntactic violation task
(n = 29).

Condition Mean RTs
(ms)

SD

non-violation/congruent/cognate 816.76 328.44

non-violation/congruent/non-cognate 817.31 347.17

non-violation/incongruent/cognate 931.11 452.49

non-violation/incongruent/non-cognate 854.38 377.15

violation/congruent/cognate 953.55 401.33

violation/congruent/non-cognate 929.73 356.10

violation/incongruent/cognate 1049.37 489.65

violation/incongruent/non-cognate 991.48 439.02

Accuracy. For accuracy, the maximal model did not converge
and was subsequently simplified. The simplified model, which in-
cluded the interaction between violation type and condition, did
not yield a better model fit compared to a model without the in-
teraction χ2(1, n = 29) = 0.894, p = 0.827. We then only included
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a main effect for violation type and an interaction effect between
gender congruency and cognate status in the subsequent model and
compared it with a model without this interaction term but only
main effects. This comparison yielded a better model fit for the
latter model, with χ2(1, n = 29) = 1.28, p = 0.258. Therefore, our
model of best fit included a main effect of violation type, gender con-
gruency and cognate status, as well as correlated random slopes for
gender congruency and cognate status for the random effect of parti-
cipant. Moreover, item was included as a random effect. None of the
covariates significantly contributed to a better model fit and were
therefore not included in the best-fitting model. Taken together, the
model of best fit was as follows: accuracy ∼ violation type (violation
vs. non-violation) + gender congruency (congruent vs. incongruent)
+ cognate status (cognate vs. non-cognate ) + (gender congruency
+ cognate status|participant) + (1|item). Participants were more
accurate for congruent compared to incongruent trials with β =
0.321, 95% CI [0.195, 0.531], z = -4.44, p < 0.001, and for non-
cognates compared to cognates with β = 2.11, 95% CI [1.31, 3.40],
z = 3.07, p = 0.002. Contrary to our predictions, we did not find
evidence that our participants were more accurate for non-violation
trials compared to violation trials with β = 0.679, 95% CI [0.449,
1.03], z = -1.84, p = 0.066. See Appendix 4.B for model paramet-
ers and Figure 4.2.2 for a visualisation of the accuracy results. Note
that model parameters are reported as odds ratios.
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Figure 4.2.2: Visualisation of mean accuracy for each condition for the
syntactic violation task (n = 29). The brackets indicate statistical signi-
ficance between conditions.
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Response times. For RTs, the maximal model yielded non-
convergence and was therefore simplified. Our best-fitting model
for RTs included main effects for violation type, gender congru-
ency and cognate status, and an interaction effect for gender con-
gruency and cognate status. Further, the model also included cor-
related by-participant random slopes for gender congruency and
cognate status in addition to a random effect for item. The best-
fitting model was the following: RTs ∼ violation type (violation vs.
non-violation) + gender congruency (congruent vs. incongruent)
* cognate status (cognate vs. non-cognate) + (gender congruency
+ cognate status|participant) + (1|item). Participants were signi-
ficantly faster for non-violation trials compared to violation trials
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with β = 112.80, 95% CI [102.54, 123.06], t = 21.55, p < 0.001. Fur-
ther, the main effect for gender congruency was significant with β =
123.42, 95% CI [110.16, 136.69], t = 18.24, p < 0.001 for congruent
compared to incongruent trials. The main effect of cognate status
was not significant with β = -6.83, 95% CI [-15.95, 2.29], t = -1.47,
p = 0.142. The interaction effect for gender congruency and cognate
status was significant, with β = -68.33, 95% CI [-79.05, -57.60], t
= -12.49, p < 0.001. See Appendix 4.C for model parameters and
Figure 4.2.3 for a visualisation of the RT results.

Figure 4.2.3: Visualisation of mean RTs for each condition for the syn-
tactic violation task (n = 29). The brackets indicate statistical signific-
ance between conditions.
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Voltage amplitudes. We calculated mean voltage amplitudes
for each condition for the time window between 500 ms and 800



134 From oscillations to language

ms post-stimulus onset for the selected channels in centro-parietal
regions (Table 4.2.4).

Table 4.2.4: Voltage amplitudes by condition for the time window of in-
terest (500 ms - 800 ms) for channels C4, CP2, CP6, P3, P4, P7, P8
and Pz for the syntactic violation task (n = 29).

Condition Mean
voltage
(µV)

SD

non-violation/congruent/cognate 1.99 8.51

non-violation/congruent/non-cognate 2.16 8.23

non-violation/incongruent/cognate 1.78 8.06

non-violation/incongruent/non-cognate 1.92 7.93

violation/congruent/cognate 2.61 8.27

violation/congruent/non-cognate 2.81 8.83

violation/incongruent/cognate 2.24 8.06

violation/incongruent/non-cognate 2.47 8.37

Following the analysis procedure outlined above, the model of
best fit for voltage amplitudes included the main effects for violation
type, gender congruency and cognate status, the covariates chan-
nel, terminal phoneme and LexTALE-Esp score, correlated random
slopes for by-participant effects of violation type and condition and
random intercepts for both participant and item. Therefore, the fi-
nal model was: voltage amplitudes ∼ violation type (violation vs.
non-violation) + gender congruency (congruent vs. incongruent) +
cognate status (cognate vs. non-cognate ) + channel + terminal
phoneme + LexTALE-Esp score + (violation type + gender con-
gruency * cognate status|participant) + (1|item). See Appendix 4.D
for the full model parameters. The interaction effect between viol-
ation type and condition on P600 voltage amplitudes was neither
significant nor did it significantly improve the model fit. It was
therefore dropped from the model-fitting procedure. Subsequently,
these results did not provide evidence for a significant modulation
of P600 voltage amplitudes as a function of the CLI effects. In ad-
dition, the main effects for gender congruency and cognate status
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in the best-fitting model were insignificant with β = -0.072, 95%
CI [-0.551, 0.406], t = -0.296, p = 0.767 for congruent compared
to incongruent trials, and with β = 0.108, 95% CI [-0.330, 0.545],
t = 0.483, p = 0.629 for cognates compared to non-cognates. Nev-
ertheless, voltage amplitudes were significantly higher for violation
trials compared to non-violation trials with β = 1.48, 95% CI [0.893,
2.08], t = 4.92, p < 0.001 (Appendix 4.D). Figure 4.2.4 visualises
mean voltage amplitudes over time for each condition for our ROI.

Figure 4.2.4: Visualisation of voltage amplitudes for each condition for
channels C4, CP2, CP6, P3, P4, P7, P8 and Pz (n = 29). The time
window of interest is highlighted in grey.
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4.2.4 Discussion

The aim of this study was to examine CLI in non-native com-
prehension in Italian late learners of Spanish. First, we explored
whether and how gender congruency and cognate status affected
non-native language comprehension in the context of a syntactic
violation task; second, we examined whether there was evidence for
a sensitivity to syntactic errors in the form of a P600 effect in Italian
late language learners of Spanish; and finally, we studied whether
P600 amplitudes were modulated by gender congruency and cog-
nate status. We predicted that participants would be more accur-
ate and faster for non-violation compared to violation trials. We
also predicted participants to be most accurate and fastest at de-
tecting congruent cognates compared to incongruent non-cognates
for syntactic violations. Finally, we predicted larger P600 voltage
amplitudes for violation compared to non-violation trials, as well as
larger amplitudes for congruent cognates compared to incongruent
non-cognates in an interaction effect with violation type.

With respect to our first research question, our behavioural res-
ults suggested that participants were significantly faster, but not
more accurate for non-violation compared to violation trials. Critic-
ally, participants were more accurate and faster for congruent com-
pared to incongruent items. This reflects the classical gender con-
gruency effect (Klassen, 2016; Lemhöfer et al., 2008). Interestingly,
participants were also more accurate for non-cognates compared
to cognates. This reflects a reverse cognate facilitation effect, with
higher accuracy for non-cognates instead of cognates. In contrast,
we found no evidence for an effect of cognate status on RTs. Import-
antly, we also did not find evidence for an interaction effect between
gender congruency and cognate status with violation type. This sug-
gested that the performance in detecting syntactic violations was
not significantly modulated by a joint effect of gender congruency
and cognate status. Therefore, with respect to our first research
question, we found some evidence for differential processing of viol-
ation vs. non-violation trials and congruent vs. incongruent trials,
thereby reflecting the effects of violation and gender congruency on
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behavioural measures of non-native comprehension. However, as we
had previously predicted, we did not find evidence that gender con-
gruency and cognate status had a joint effect on detecting syntactic
violations. In addition, we found a significant interaction effect of
gender congruency and cognate status on RTs, suggesting that the
effect of one factor was dependent on the other and vice versa.

Comparing the current findings with the results from Chapter 2
on German-Spanish speakers (Von Grebmer Zu Wolfsthurn et al.,
2021a), the results from both groups are highly fascinating for sev-
eral reasons: first, the findings across both groups are compatible
in that both participant groups were faster for non-violation trials
compared to violation trials. This reflects differential processing of
NPs with a syntactic error vs. syntactically correct NPs. Secondly,
both the Italian-Spanish speakers and the German-Spanish speak-
ers displayed the classical gender congruency effect, with more ac-
curate and faster processing for congruent compared to incongruent
items (Bordag & Pechmann, 2007; Lemhöfer et al., 2008). In turn,
this particular finding supports the gender-integrated representa-
tion hypothesis (Bordag & Pechmann, 2007; Morales et al., 2016;
Salamoura & Williams, 2007). In other words, the results from the
current study support a theoretical framework whereby the gender
systems are shared between two languages, irrespective of the lin-
guistic similarity of the languages. Thirdly, we found comparable
effects of cognate status in both the Italian-Spanish speakers and
the German-Spanish speakers: the former were more accurate for
non-cognates compared to cognates, while the latter were faster for
non-cognates compared to cognates. This is an interesting finding
as it suggests that cognate status may have a similar reverse effect
on non-native comprehension across two different language pairs
in late learners. Finally, in line with findings from the German-
Spanish speakers, we did not find evidence for an interaction effect
of gender congruency and cognate status on detecting syntactic vi-
olations in the Italian-Spanish speakers. Overall, the behavioural
results from both studies show that participants were more sens-
itive to an overlap in gender rather than to cognate status. They
also showed that gender congruency and cognate status together
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had a limited effect on detecting syntactic violations in this task.
However, one significant difference to the German-Spanish speak-
ers was that gender congruency and cognate status did emerge as
having an overall interaction effect on RTs in the Italian-Spanish
speakers, while there was no interaction of gender congruency and
cognate status with violation type in either group. Subsequently,
this indicates a small joint influence of these two linguistic features
on RTs in the syntactic violation task.

With respect to our second and third research question regard-
ing the P600 effect, results from the EEG data suggested that vi-
olation trials elicited larger voltage amplitudes compared to non-
violation trials. This reflected the classical P600 effect (Hahne &
Friederici, 2001; Steinhauer et al., 2009) and was in line with our
original hypotheses. Therefore, our Italian-Spanish speakers were
indeed sensitive to syntactic violations even at moderate proficiency
levels. This contrasts with previous research reporting no P600 ef-
fect for late language learners (Hahne & Friederici, 2001; Weber-
Fox & Neville, 1996), but is consistent with more recent research
presenting evidence for a P600 effect in late learners (S. Rossi et al.,
2006; Tokowicz & MacWhinney, 2005; Von Grebmer Zu Wolfsthurn
et al., 2021a). Critically, matching the behavioural results, we did
not find differential P600 effects as a function of the interaction ef-
fect between gender congruency and cognate status. In other words,
we found no evidence that CLI effects modulated P600 effect sizes.
This is in contrast to our predictions and suggests that the P600
effect was comparable in size across our experimental conditions.

The EEG findings from the Italian-Spanish speakers in this
chapter are highly similar to the findings reported for the German-
Spanish speakers. First, we again found evidence for a P600 effect
for syntactic violations in our Italian-Spanish speakers. Secondly,
we similarly did not find evidence that CLI effects modulated P600
effects and instead found similar P600 amplitudes across our con-
ditions. In this, our results were compatible with our previous work
because they suggested, on the one hand, a sensitivity to syntactic
violations even at moderate proficiency levels. On the other hand,
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they did not show that CLI for gender or cognates had a signific-
ant impact on these processes per se. Therefore, our results sup-
port the gender-integrated representation hypothesis (Salamoura
& Williams, 2007). Importantly, our results add to the findings
from Chapter 2: independently of whether the languages were lin-
guistically highly similar (Italian-Spanish) or less similar (German-
Spanish), speakers displayed a P600 effect despite their early acquis-
ition stages and intermediate proficiency levels. The P600 effect, in
turn, was largely unaffected by the linguistic features of congru-
ency type and cognate status we put to test in Chapter 2 and in
the current chapter. Questions remain as to whether or not there
was a statistical difference in terms of the P600 effect sizes across
the Italian-Spanish and the German-Spanish group, and whether
CLI effects differed across these two groups. These issues were the
scope of Chapter 5 of this thesis, which includes a direct comparison
of the data from the Italian-Spanish and German-Spanish speakers
in light of language similarity.

Summary and conclusions

In this study, we explored non-native comprehension in the
context of a linguistically similar language pair, Italian and Span-
ish. Therefore, this study represented an extension to Chapter 2,
where we studied the linguistically less similar language pair Ger-
man and Spanish. Behavioural results from the syntactic violation
task in the current chapter showed that participants were sens-
itive to gender congruency across Italian and Spanish. This was
reflected in a processing advantage for congruent items compared
to incongruent items. In contrast, the feature of cognate status was
less salient in the context of non-native comprehension. Further,
we found ERP evidence for a P600 effect in our late language
learners. This P600 effect, however, did not appear to be modu-
lated by neither gender congruency nor cognate status. Generally
speaking, we provided support for the gender-integrated represent-
ation hypothesis (Salamoura & Williams, 2007), and demonstrated
that language learners with limited non-native proficiency displayed
a clear sensitivity to syntactic violations. Our results are also highly
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similar to the findings reported in Chapter 2 and in Von Grebmer
Zu Wolfsthurn et al. (2021a).

4.3 Picture-naming task

In this task, we tested the same participants outlined in sec-
tion 4.2 on non-native production. As described above, participants
completed the LexTALE-Esp (Izura et al., 2014) before the syn-
tactic violation task and the picture-naming task. Importantly, par-
ticipants alternated between first completing the syntactic violation
task vs. the picture-naming task.

4.3.1 Research questions

We asked the question whether gender congruency (congruent
vs. incongruent) and cognate status (cognate vs. non-cognate) mod-
ulated the behavioural and neural correlates of non-native produc-
tion. Here, we focused specifically on P300 amplitudes, see Von
Grebmer Zu Wolfsthurn et al. (2021b). Second, we used the gender
congruency and the cognate facilitation effect to examine when dur-
ing non-native production speakers experienced CLI between the
native and the non-native language. By extension, our third re-
search question was concerned with the locus of target language se-
lection: when during non-native production is the target language
selected? These questions are identical to the research questions in
Chapter 3 and in Von Grebmer Zu Wolfsthurn et al. (2021b).

Hypotheses

Behaviourally, we were interested in whether gender congru-
ency and cognate status would impact naming accuracy and nam-
ing latencies. More specifically, we predicted more accurate and
faster naming of congruent cognate nouns compared to incongru-
ent non-cognate nouns, in line with previous findings from Chapter
3 and Von Grebmer Zu Wolfsthurn et al. (2021b). In contrast, we
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did not expect significant behavioural differences in naming accur-
acy and latencies between congruent non-cognates and incongruent
cognates.

For the EEG data, we first examined whether a P300 effect
would be also elicited in the Italian-Spanish group. Moreover, we
predicted P300 amplitudes to be modulated by gender congruency
and cognate status: in line with the results reported in Chapter
3, we hypothesised larger P300 amplitudes for congruent cognate
nouns compared to incongruent non-cognate nouns. In contrast, we
expected similar amplitudes for congruent non-cognates and incon-
gruent cognates. Therefore, we predicted the smallest P300 amp-
litudes for incongruent non-cognates, and largest amplitudes for
congruent cognates.

4.3.2 Methods

Participants

The participants were the same as the ones described in section
4.2.2.

Tasks and stimuli

The stimuli selection procedure for the picture-naming task was
identical to the procedure described for the syntactic violation task
in section 4.2.2. Critically however, the stimuli differed from the
stimuli used in the previous task and in Chapter 3. The design for
the picture-naming task was a 2 x 2 fully factorial within-subjects
design with gender congruency (congruent vs. incongruent) and cog-
nate status (cognate vs. non-cognate) as our critical manipulations.
See Table 4.3.1 for an example stimuli set.
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Table 4.3.1: Example picture stimuli for the picture-naming task, illus-
trating the two manipulations of gender congruency and cognate status.

Condition Noun
phrase

Italian
translation

English
translation

congruent/
cognate

laF llaveF laF chiaveF the key

congruent/
non-cognate

laF gonnaF laF faldaF the skirt

incongruent/
cognate

elM bolsoM laF borsaF the handbag

incongruent/
non-cognate

elM caracolM laF lumacaF the slug

Procedure

The task procedure was identical to Chapter 3 and Von Grebmer
Zu Wolfsthurn et al. (2021b). Participants were placed in an exper-
imental booth in front of a computer screen and presented with the
stimuli pictures. During the task, we recorded participants’ voice
using a built-in microphone while they produced the name of the
object together with the corresponding determiner as accurately
and fast as possible. In this task, we measured naming accuracy,
naming latencies and voltage amplitudes.

EEG recordings

The EEG recording set-up was identical to the syntactic viola-
tion task, see section 4.2.2.

4.3.3 Results

We closely followed the behavioural data analysis procedure de-
scribed in section 4.2.3 and in Chapter 3, see also Von Grebmer
Zu Wolfsthurn et al. (2021b). Here we also included the same par-
ticipants in both the behavioural analysis and in the EEG analysis,
see the next section. Therefore, we included 28 participants in the
behavioural analysis. We followed a LMM approach (Baayen et al.,
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2008) in R via RStudio (R Core Team, 2020) using the lme4 pack-
age (Bates et al., 2020) to model naming accuracy and naming
latencies. We used a GLMM with a binomial distribution to model
naming accuracy, and a GLMM with a gamma distribution and
the identity link function (Lo & Andrews, 2015) to model correctly
named stimuli pictures. The model selection procedure was identical
to section 4.2.3, with the following exceptions: first, the fixed effects
structure of the maximal models for naming accuracy and naming
latencies included an interaction effect between gender congruency
and cognate status and the covariates LexTALE-Esp score, famil-
iarisation phase performance, order of acquisition of Spanish, tar-
get noun gender, word length and terminal phoneme. Second, the
random effects consisted of random slopes for the interaction effect
between gender congruency and cognate status for each participant,
as well as random intercepts for each participant and item.

EEG data exclusion

For the EEG analysis, the inclusion criteria consisted of cor-
rectly named trials, as well as artefact-free trials and a sufficiently
high data quality in terms of artefacts. In this, we excluded parti-
cipants with less than 60% of (valid) trials left after the application
of these criteria. Subsequently, five participants were excluded for
the picture-naming task, thereby including 28 datasets in the be-
havioural and in the EEG analysis of this task.

EEG data analysis

The EEG data analysis procedure was modelled after section
4.2.3. Data pre-processing was especially critical as production data
is often characterised by large articulatory artefacts (Grözinger et
al., 1975). Therefore, we set an upper threshold of 600 ms post-
stimulus onset to avoid those artefacts in our signal as much as
possible. We again used a cluster-based permutation test to de-
termine our ROI. This permutation analysis outcome suggested
channels P3, P4, P7, P8, Pz, O1, O2 and Oz in centro-parietal
regions as ROI in the time window between 350 to 600 ms for the



144 From oscillations to language

picture-naming task, see Figure 4.3.1.

Figure 4.3.1: Permutation test outcome for the picture-naming task (n
= 28). Larger F-values are shown in darker colours and denote an in-
creased likelihood for a statistically relevant effect of our manipulations
on voltage amplitudes.

The EEG data analysis procedure was identical as in section
4.2.3. We used a LMM approach to model voltage amplitudes. The
maximal model included an interaction term for gender congruency
and cognate status, as well as the covariates hemisphere, LexTALE-
Esp score, terminal phoneme of the target word, target noun gender,
order of acquisition of Spanish and familiarisation phase perform-
ance. Finally, we also included random slopes for the interaction
effect of gender congruency and cognate status for each participant,
and random intercepts for each participant and item.
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Data results

We first computed descriptive statistics for naming accuracy
and naming latencies. Mean naming accuracy and mean naming
latencies for each condition are shown in Table 4.3.2.

Table 4.3.2: Mean naming accuracy and latencies by condition for the
picture-naming task (n = 28).

Condition Mean naming
accuracy (%)

SD Mean naming
latencies (ms)

SD

congruent/
cognate 89.88 30.18 911.12 253.91

congruent/
non-cognate 78.57 41.06 1011.90 297.67

incongruent/
cognate 82.59 37.95 1027.61 305.52

incongruent/
non-cognate 75.00 43.33 1068.59 281.19

Naming accuracy. The model of best fit included the follow-
ing terms: main effects for gender congruency and cognate status,
as well as LexTALE-Esp score and familiarisation phase perform-
ance as covariates. The random slopes for our main manipulations
for each participant led to singular fit. Similarly, the model with
included the interaction effect between gender congruency and cog-
nate status did not yield a better model fit with χ2(1, n = 28) =
0.494, p = 0.482. We subsequently simplified our fixed effects and
random effects structures and included random intercepts for par-
ticipant and item. Our best-fitting model was therefore as follows:
naming accuracy ∼ gender congruency (congruent vs. incongruent)
+ cognate status (cognate vs. non-cognate ) + LexTALE-Esp score
+ familiarisation phase performance (none correct vs. one correct
vs. two correct vs. three correct) + (1|participant) + (1|item). Par-
ticipants were significantly more accurate for cognates over non-
cognates with β = 0.647, 95% CI [0.443, 0.946], z = -2.24, p =
0.025. In contrast, participants were not more accurate for con-
gruent items compared to incongruent items with β = 0.807, 95%
CI [0.550, 1.18], z = -1.10, p = 0.270. See Appendix 4.E for details
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about the model parameters, and Table 4.3.2 for mean naming ac-
curacy across the conditions.

Figure 4.3.2: Visualisation of naming accuracy for each condition for
the picture-naming task (n = 28). The brackets indicate statistical dif-
ferences across conditions.

* *

50

60

70

80

90

100

A
cc

ur
ac

y 
(%

)

Condition

congruent/cognate congruent/non−cognate

incongruent/cognate incongruent/non−cognate

Naming latencies. Our best-fitting model included a main
effect for both gender congruency and cognate status, familiarisa-
tion phase performance as covariate, correlated random slopes for
gender congruency and cognate status for each participant, and
random intercepts for participant and item. The model contain-
ing the interaction effect between gender congruency and cognate
status was not statistically better compared to the model without
with χ2(1, n = 28) = 0.256, p = 0.613. Therefore, the best-fitting
model was: naming latencies ∼ gender congruency (congruent vs.
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incongruent) + cognate status (cognate vs. non-cognate ) + fa-
miliarisation phase performance (none correct vs. one correct vs.
two correct vs. three correct) + (gender congruency + cognate
status|participant) + (1|item). Critically, participants were faster
at naming cognates compared to non-cognates, with β = 0.071, 95%
CI [0.007, 0.135], t = 2.18, p = 0.030. Participants were marginally
not faster at naming congruent compared to non-congruent items,
with β = 0.067, 95% CI [-0.001, 0.135], t = 1.94, p = 0.052. See Ap-
pendix 4.F for the parameters of the best-fitting model, and Figure
4.3.3 for a visualisation of mean naming latencies across conditions.
Note that model estimates are reported in seconds. Taken together,
cognate status, but not gender congruency, significantly influenced
both naming accuracy and naming latencies in this study.
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Figure 4.3.3: Visualisation of naming latencies for each condition for
the picture-naming task (n = 28). The brackets indicate statistical dif-
ferences across conditions.
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Voltage amplitudes. Visual inspection of the EEG data across
the entire segment showed the classical N1/P2/N2 ERP complex
for early visual processing (Eulitz et al., 2000) in our ROI (Figure
4.3.4). Voltage amplitudes reached a peak around 550 ms, which
was followed by a downward trend back to baseline. Descriptive
statistics for the time window between 350 ms and 550 ms for
channels P3, P4, P7, P8, Pz, O1, O2 and Oz can be found in Table
4.3.3. Descriptively, we found the highest voltage amplitudes in this
particular time window for congruent cognates, followed by incon-
gruent non-cognates, incongruent cognates and finally, congruent
non-cognates.
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Table 4.3.3: Voltage amplitudes by condition for the time window of in-
terest (350 ms - 550 ms) for channels P3, P4, P7, P8, Pz, O1, O2 and
Oz for the picture-naming task (n = 28).

Condition Mean
voltage(µV)

SD

congruent/cognate 4.77 8.71

congruent/non-cognate 3.96 8.91

incongruent/cognate 4.72 8.16

incongruent/non-cognate 4.74 8.35

Our maximal model as outlined in section 4.3.3 failed to con-
verge. We subsequently simplified our fixed and random effects
structures. The best-fitting model for voltage amplitudes included
condition as fixed effect, as well as the covariate hemisphere and
familiarisation phase performance. The best-fitting model was as
follows: voltage amplitudes ∼ condition (congruent cognate vs. con-
gruent non-cognate vs. incongruent cognate vs. incongruent non-
cognate) + hemisphere (left vs. midline vs. right) + familiarisation
phase performance (none correct vs. one correct vs. two correct
vs. three correct) + (condition|participant) + (1|item). Despite be-
ing included in the final model, there was no statistical difference
between the condition levels; see Appendix 4.G for the exact model
parameters. Therefore, statistically speaking, there was no signific-
ant modulation of voltage amplitudes as a function of condition,
and voltage amplitudes were statistically comparable across con-
gruency type and cognate status. In addition, the model included a
random slope for the effect of condition for each random intercept
of participant, as well as a random intercept for item.
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Figure 4.3.4: Visualisation of voltage amplitudes for each condition for
channels P3, P4, P7, P8, Pz, O1, O2 and Oz (n = 28).
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4.3.4 Discussion

In this study, we conducted an almost identical experiment to
Von Grebmer Zu Wolfsthurn et al. (2021b), except that instead of
German-Spanish speakers, we tested Italian-Spanish speakers and
we used stimuli which would fit with the constraints of gender con-
gruency and cognate status across Italian and Spanish. The aim was
to examine whether CLI, in particular with respect to congruency
type (congruent vs. incongruent) and cognate status (cognate vs.
non-cognate), had an effect on non-native production. We were par-
ticularly interested in naming accuracy, naming latencies and P300
voltage amplitudes. Taking the LRM model (Levelt et al., 1999)
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as the theoretical basis, we investigated during which stage of non-
native language production speakers would experience measurable
CLI. By extension, the current study tapped directly into the ques-
tion at which stage during non-native production the target lan-
guage was selected over the non-target language. On the basis of
this theoretical framework and the findings from Chapter 3 of this
thesis, we predicted the following: higher naming accuracy, shorter
naming latencies and larger P300 voltage amplitudes for congruent
cognate items, followed by congruent non-cognates and incongruent
cognates, and the lowest naming accuracy, longest RTs and smallest
P300 voltage amplitudes for incongruent non-cognates.

Regarding the behavioural data, we found that gender con-
gruency and cognate status did not yield an interaction effect on
neither naming accuracy nor naming latencies, contrary to our hy-
potheses. However, in line with our predictions, we found a sig-
nificant effect of cognate status on naming accuracy and naming
latencies: participants were both more accurate and faster at nam-
ing cognates compared to non-cognates. This reflects the classical
cognate facilitation effect (Christoffels et al., 2007; Peeters et al.,
2013). From the perspective of target language selection, this in-
dicates that the speaker experienced CLI at the orthographic and
phonological level. In other words, lexical entries from both Italian
and Spanish competed at the phonological encoding stage of produc-
tion. In turn, this suggested that the target language was not selec-
ted when lexical retrieval was completed (Christoffels et al., 2007;
Colomé, 2001). Interestingly, we found no effect of gender congru-
ency on naming accuracy or naming latencies. Despite a statistical
trend, the main effect of gender congruency marginally failed to
reach statistical significance. Therefore, our results did not provide
evidence for differential production of congruent vs. incongruent
items, and therefore also not for a gender congruency effect.

The behavioural results from this study are highly relevant for
multiple reasons: first, results from the previous study on German-
Spanish speakers suggested that participants were more accurate
and faster for congruent vs. incongruent nouns but did not yield
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an effect of cognate status (Von Grebmer Zu Wolfsthurn et al.,
2021b). In contrast, the results of the present study reflect the op-
posite pattern, namely that participants were more accurate and
faster for cognates compared to non-cognates, but not for con-
gruent compared to incongruent nouns. This suggests that during
non-native production, German-Spanish speakers were more sens-
itive to similarities and dissimilarities at the gender level, whereas
Italian-Spanish speakers were more sensitive to similarities at the
orthographic and phonological level. In turn, CLI effects were trace-
able primarily during the stage of lexical retrieval for the German-
Spanish speakers, and during the phonological encoding stage for
the Italian-Spanish speakers. In other words, our findings from both
studies suggest that German-Spanish speakers battled CLI mostly
when processing gender, whereas Italian-Spanish speakers faced
CLI primarily when processing cognates at the behavioural level.
Subsequently, this suggested qualitative and quantitative differ-
ences in the underlying non-native production mechanisms for the
linguistically similar languages, i.e., Italian and Spanish, compared
to linguistically less similar languages, i.e., German and Spanish.
Importantly, the statistical comparison of the behavioural differ-
ences in non-native production between the German-Spanish speak-
ers and the Italian-Spanish speakers can be found in Chapter 6.

As for the EEG results, the oscillatory pattern in centro-parietal
regions between 350 ms and 600 ms post-stimulus onset was con-
sistent with a P300 component, in line with our original hypothesis.
Therefore, similar to the results reported in Chapter 3 and in Von
Grebmer Zu Wolfsthurn et al. (2021b), the P300 emerged as a crit-
ical component during non-native language production. However,
we did not find an effect of gender congruency or cognate status on
P300 voltage amplitudes: the descriptive trend of smaller voltage
amplitudes for congruent non-cognates compared to the other three
conditions was not statistically significant. Therefore, we did not
find neural evidence for a modulation of P300 amplitudes by gender
congruency or cognate status. In turn, these results do not support
the notion of CLI during non-native production, as was indicated
in the behavioural modulation by cognate status in the behavioural
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results. A possible interpretation of this finding is that the modula-
tion of P300 amplitudes was too subtle and potentially masked by
the remaining noise in our data, despite meticulous pre-processing
of the ERP data. Another interpretation is that effects of gender
congruency and cognate status on P300 amplitudes had a counter-
balancing effect; thereby effectively cancelling any neural effects but
preserving a behavioural effect of cognate status. Taken together,
we did not find traceable CLI effects at the level of P300 component
amplitudes. In turn, this did not allow for the exploration of the
locus of target language selection. Subsequently, we were unable to
examine during which production stage our speakers experienced
CLI from either gender congruency or cognate status. This par-
ticular notion therefore remains an open issue for future research.
Nevertheless, our results again highlight the relevance of the P300
component during non-native production.

Comparing these EEG results with those from Chapter 3 and
Von Grebmer Zu Wolfsthurn et al. (2021b), where incongruent non-
cognates descriptively elicited the smallest voltage amplitudes for
the German-Spanish speakers, the present study linked congruent
non-cognates to the smallest elicited voltage amplitudes. However,
unlike the German-Spanish speakers, the Italian-Spanish speak-
ers did not display a significant difference in voltage amplitudes
as a function of condition. In other words, ERP results from the
German-Spanish speakers indicated that both the native and non-
native language were active beyond the stage of lexical retrieval un-
til at least the stage of phonological encoding. Conversely, we did
not find any evidence for this in the current study. These are rel-
evant findings because they indicate a potentially different neural
signature of non-native production for German-Spanish speakers
compared to Italian-Spanish speakers. The contrast in voltage amp-
litudes across the two groups is examined in more detail in Chapter
6 of this thesis, which describes a direct comparison of the EEG data
for the German-Spanish speakers and the Italian-Spanish speakers.
Finally, results from both studies provide evidence for the critical
role of the P300 component in non-native production, both in lin-
guistically similar and less similar language combinations. Future
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research should therefore examine the exact characteristics and in-
volvement of the P300 component in non-native production in a
more nuanced manner.

Summary and conclusions

In this chapter, we examined the effect of gender congruency
(congruent vs. incongruent) and cognate status (cognate vs. non-
cognate) on non-native production. Within the framework of the
LRM model (Levelt et al., 1999), we probed the effect of CLI on
non-native production and the locus of target language selection.
We used a picture-naming task in native Italian late learners of
Spanish. We were particularly focused on the impact of CLI on
naming accuracy, naming latencies and P300 voltage amplitudes.
Our behavioural results showed that participants were more accur-
ate and faster at naming cognates compared to non-cognates. In
contrast, they did not show an effect of gender congruency. From a
neural perspective, we found no evidence that gender congruency or
cognate status modulated P300 voltage amplitudes. Behaviourally,
our results therefore suggested that participants faced CLI until
the phonological encoding stage, which is consistent with Chapter
3 and Von Grebmer Zu Wolfsthurn et al. (2021b). However, we did
not find complementary evidence in the EEG data. We were there-
fore unable to examine the locus of target language selection in
non-native production in our Italian late learners of Spanish. Im-
portantly, this notion therefore warrants a closer investigation in
future studies.

4.4 General discussion

The aim of this chapter was to expand on the cross-linguistic
evidence from Chapters 2 and 3 and to investigate the gender con-
gruency effect and the cognate facilitation effect in a linguistically
highly similar language pair, namely Italian-Spanish. More spe-
cifically, we used a syntactic violation paradigm to quantify CLI
effects in non-native comprehension, and a picture-naming task
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to investigate CLI effects in non-native production. We explored
several different issues: in terms of non-native comprehension, we
asked the question whether and how gender congruency (congru-
ent vs. incongruent) and cognate status (cognate vs. non-cognate)
influenced syntactic violation processing. Moreover, we character-
ised the corresponding neural correlates and investigated whether
our late language learners with moderate proficiency levels would
show the P600 effect, which is typically reported for syntactic vi-
olations (Steinhauer et al., 2009). Finally, we were interested in
whether P600 effect sizes would be modulated by gender congru-
ency and cognate status as representatives for cross-linguistic in-
fluence (CLI) effects in non-native comprehension. In contrast, for
non-native production, our goals were to explore whether and how
gender congruency and cognate status modulated the non-native
production process. Further, we also studied until when speakers
experienced CLI effects related to gender congruency and cognate
status and when the target language was selected over the non-
target language during non-native production. Here, our main ERP
component of interest was the P300 component.

The general picture emerging from our findings in this chapter
is the following: first, in non-native comprehension, gender congru-
ency emerged as the primary salient linguistic feature to impact per-
formance on a syntactic violation task. This suggests that there is
interaction between the Italian and Spanish gender systems, result-
ing in measurable CLI effects at the behavioural level in non-native
comprehension. Next, we provided evidence for a P600 effect in our
Italian late learners of Spanish with moderate proficiency levels.
This is a critical finding because it suggests that there are distinct
neural signatures for processing syntactically correct vs. incorrect
structures. In turn, this has implications for the characterisation
of the comprehension processes in late language learners. Finally,
the P600 effect was statistically comparable independently of any
potential influences from gender congruency and cognate status.
This suggests that at earlier acquisition stages, we are not yet able
to describe distinct neural signatures as a function of CLI effects.
Second, in non-native production, behavioural results showed that
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cognate status was the more salient cue during the production pro-
cess. This suggested that both languages were active until the later
stages of non-native production, and that CLI persisted at least
until the phonological encoding stage. This is consistent with pre-
vious research suggesting that the target language is selected after
lexical retrieval (Christoffels et al., 2007; Colomé, 2001; Hoshino
& Thierry, 2011). By extension, this finding implied that Italian
late learners of Spanish with moderate proficiency levels may have
faced CLI for a large part of the production process. However, in
the absence of complementary evidence at the neural level, further
research is needed to corroborate these findings.

Comparing these findings from both experiments on non-native
comprehension and production in the Italian-Spanish speakers, the
striking difference was that gender congruency was a modulator for
non-native comprehension, but that cognate status played a more
significant role in non-native production. This is a critical finding
because it speaks directly to the respective relevance of linguistic
features such as gender congruency and cognate status across the
linguistic domains of comprehension vs. production. In turn, this
suggests that speakers use different linguistic cues to successfully
manage non-native comprehension and non-native production. The
systematic comparison of the CLI effects across the two domains is
beyond the scope of this chapter (but see Chapter 5 and Chapter 6).
However, we argue that future research should investigate this par-
ticular notion more closely to provide a more detailed and nuanced
picture of CLI effects across comprehension and production.
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Appendix

4.A Linguistic profile: Italian-Spanish

group

Table 4.A.1: Overview of the native and non-native languages acquired
by the Italian-Spanish speakers (N = 33).

L1 L2 L3 L4 L5 Total

Italian n = 33 33
Spanish n = 2 n = 18 n = 10 n = 3 33
English n = 27 n = 5 32
French n = 4 n = 8 n = 3 15
German n = 1 n = 2 3
Portuguese n = 3 3
Catalan n = 1 n = 1 2

Total 33 33 32 16 7
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4.B Model parameters: accuracy

Table 4.B.1: Specification of model of best fit for accuracy for the syn-
tactic violation task (n = 29). Note that estimates are reported as odds
ratios.

Formula: accuracy ∼ violation type (violation vs. non-violation)
+ gender congruency (congruent vs. incongruent) + cognate status
(cognate vs. non-cognate ) + (gender congruency + cognate
status|participant) + (1|item)

Term Odds Ratio [95% CI] z-value p-value

(Intercept) 42.78 [24.70, 74.01] 13.40 < 0.001
Violation type
[violation]

0.679 [0.449, 1.03] -1.84 0.066

Gender
congruency
[incongruent]

0.321 [0.195, 0.531] -4.44 < 0.001

Cognate status
[non-cognate]

2.11 [1.31, 3.40] 3.07 0.002

Random effects
σ2 3.29
τ00Item 1.22
τ00Participant 0.63
τ11Participant[incongruent] 0.30
τ11Participant[non−cognate] 0.11
ρ01Participant[incongruent] -0.49
ρ01Participant[non−cognate] 0.97
ICC 0.38
NParticipant 29
NItem 224

Observations 4,754
Marginal R2/
Conditional R2

0.087 / 0.435
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4.C Model parameters: response times

Table 4.C.1: Specification of model of best fit for response times (RTs)
for the syntactic violation task (n = 29). Note that estimates are reported
in milliseconds.

Formula: RTs∼ violation type (violation vs. non-violation) + gender
congruency (congruent vs. incongruent) * cognate status (cognate vs.
non-cognate) + (gender congruency + cognate status|participant) +
(1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 864.35 [844.89, 883.81] 87.08 < 0.001
Violation type
[violation]

112.80 [102.54, 123.06] 21.55 < 0.001

Gender
congruency
[incongruent]

123.42 [110.12, 136.69] 18.24 < 0.001

Cognate status
[non-cognate]

-6.83 [-15.95, 2.29] -1.47 0.142

Gender
congruency
[incongruent] *
cognate status
[non-cognate]

-68.33 [-79.05, -57.60] -12.49 < 0.001

Random effects
σ2 0.14
τ00Item 5098.76
τ00Subject 7983.03
τ11Subject[incongruent] 3701.49
τ11Subject[non−cognate] 1095.85
ρ01Subject[incongruent] -0.04
ρ01Subject[non−cognate] -0.22
ICC 1.00
NSubject 29
NItem 224

Observations 4,374
Marginal R2/
Conditional R2

0.293 / 1.000
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4.D Model parameters: P600 compon-

ent

Table 4.D.1: Specification of model of best fit for voltage amplitudes for
the syntactic violation task (n = 29). Note that estimates are reported
in microvolts.

Formula: voltage amplitudes ∼ violation type (violation vs. non-
violation) + gender congruency (congruent vs. incongruent) + cog-
nate status (cognate vs. non-cognate ) + channel + terminal phon-
eme + LexTALE-Esp score + (violation type + gender congruency *
cognate status|participant) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 3.03 [1.86, 4.20] 5.09 < 0.001
Violation type
[violation]

1.48 [0.893, 2.08] 4.92 < 0.001

Gender
congruency
[incongruent]

-0.072 [-0.551, 0.406] -0.296 0.767

Cognate status
[non-cognate]

0.108 [-0.330, 0.545] 0.483 0.629

Channel [CP2] 0.693 [0.667, 0.720] 51.11 < 0.001
Channel [CP6] 0.173 [0.146, 0.199] 12.75 < 0.001
Channel [P3] 0.549 [0.523, 0.576] 40.50 < 0.001
Channel [P4] 0.906 [0.879, 0.932] 66.78 < 0.001
Channel [P7] -2.08 [-2.10, -2.05] -153.14 < 0.001
Channel [P8] -1.44 [-1.47, -1.41] -106.21 < 0.001
Channel [Pz] 1.154 [1.13, 1.18] 85.10 < 0.001
Terminal
phoneme [d]

2.94 [0.256, 5.63] 2.15 0.032

Terminal
phoneme [e]

-0.896 [-1.54, -0.251] -2.72 0.006

Terminal
phoneme [ión]

-0.547 [-2.12, 1.03] -0.682 0.495

Terminal
phoneme [l]

0.318 [-0.604, 1.24] 0.676 0.499

Terminal
phoneme [n]

0.020 [-0.627, 0.667] 0.060 0.952

Terminal
phoneme [o]

-0.308 [-0.735, 0.118] -1.42 0.157

Terminal
phoneme [r]

-0.459 [-1.50, 0.580] -0.866 0.387
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Terminal
phoneme [s]

0.968 [-0.914, 2.85] 1.01 0.314

Terminal
phoneme [z]

-0.967 [-3.62, 1.69] -0.713 0.476

LexTALE-Esp
score

-0.012 [-0.046, 0.023] -0.657 0.511

Random effects
σ2 59.10
τ00Item 1.78
τ00Participant 2.89
τ11Participant[violation] 1.71
τ11Participant[congr/non−cogn] 1.01
τ11Participant[incongr/cogn] 1.53
τ11Participant[incongr/non−cogn] 1.61
ρ01Participant[violation] -0.03
ρ01Participant[congr/non−cogn] -0.53
ρ01Participant[incongr/cogn] -0.61
ρ01Participant[incongr/non−cogn]-0.45
ICC 0.08
NParticipant 29
NItem 224

Observations 5,141,248
Marginal R2/
Conditional R2

0.027 / 0.110
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4.E Model parameters: naming accur-

acy

Table 4.E.1: Specification of model of best fit for naming accuracy for
the picture-naming task (n = 28). Note that estimates are reported as
odds ratios.

Formula: naming accuracy ∼ gender congruency (congruent vs. in-
congruent) + cognate status (cognate vs. non-cognate ) + LexTALE-
Esp score + familiarisation phase performance (none correct vs. one
correct vs. two correct vs. three correct) + (1|participant) + (1|item)

Term Odds Ratio [95% CI] z-value p-value

(Intercept) 0.326 [0.159, 0.672] -3.04 0.002
Gender
congruency
[incongruent]

0.807 [0.550, 1.18] -1.10 0.270

Cognate Status
[non-cognate]

0.647 [0.443, 0.946] -2.24 0.025

LexTALE-Esp
score

1.02 [1.00, 1.05] 2.35 0.019

Familiarisation
phase
performance [one
correct]

5.54 [3.67, 8.35] 8.17 < 0.001

Familiarisation
phase
performance [two
correct]

22.63 [14.91, 34.33] 14.66 < 0.001

Familiarisation
phase
performance
[three correct]

43.57 [28.32, 67.03] 17.18 < 0.001

Random effects
σ2 3.29
τ00Item 0.47
τ00Subject 0.38
ICC 0.20
NSubject 28
NItem 96
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Observations 2,688
Marginal R2/
Conditional R2

0.307/0.448
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4.F Model parameters: naming laten-

cies

Table 4.F.1: Specification of model of best fit for naming latency for
the picture-naming task (n = 28). Note that estimates are reported in
seconds.

Formula: naming latencies ∼ gender congruency (congruent vs. in-
congruent) + cognate status (cognate vs. non-cognate ) + familiarisa-
tion phase performance (none correct vs. one correct vs. two correct
vs. three correct) + (gender congruency + cognate status|participant)
+ (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 1.36 [1.25, 1.47] 24.98 < 0.001
Gender
congruency
[incongruent]

0.067 [-0.001, 0.135] 1.94 0.052

Cognate Status
[non-cognate]

0.071 [0.007, 0.135] 2.18 0.030

Familiarisation
phase
performance [one
correct]

-0.200 [-0.276, -0.124] -5.16 < 0.001

Familiarisation
phase
performance [two
correct]

-0.338 [-0.408, -0.268] -9.47 < 0.001

Familiarisation
phase
performance
[three correct]

-0.412 [-0.482, -0.341] -11.46 < 0.001

Random effects
σ2 0.05
τ00Item 0.00
τ00Subject 0.00
τ11Subject[incongruent] 0.00
τ11Subject[non−cognate] 0.00
ρ01Subject[incongruent] -0.20
ρ01Subject[non−cognate] -0.39

ICC 0.17
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NSubject 28
NItem 96

Observations 2,191
Marginal R2/
Conditional R2

0.168/0.306
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4.G Model parameters: P300 compon-

ent

Table 4.G.1: Specification of model of best fit for voltage amplitudes for
the picture-naming task (n = 28). Note that estimates are reported in
microvolts.

Formula: voltage amplitudes ∼ Condition (congruent cognate vs.
congruent non-cognate vs. incongruent cognate vs. incongruent non-
cognate) + hemisphere (left vs. midline vs. right) + familiarisation
phase performance (none correct vs. one correct vs. two correct vs.
three correct) + (condition|participant) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 3.48 [2.14, 4.81] 5.10 < 0.001
Condition [con-
gruent/cognate]

0.657 [-0.347, 1.66] 1.28 0.200

Condition [incon-
gruent/cognate]

0.781 [-0.324, 1.89] 1.39 0.166

Condition
[incongruent/
non-cognate]

0.652 [-0.446, 1.75] 1.16 0.244

Hemisphere
[midline]

0.243 [0.211, 0.274] 15.16 < 0.001

Hemisphere
[right]

0.083 [0.055, 0.111] 5.84 < 0.001

Familiarisation
phase
performance [one
correct]

0.231 [0.144, 0.318] 5.21 < 0.001

Familiarisation
phase
performance [two
correct]

0.164 [0.084, 0.245] 4.004 < 0.001

Familiarisation
phase
performance
[three correct]

0.684 [0.603, 0.766] 16.38 < 0.001

Random effects
σ2 64.64
τ00Item 1.70
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τ00Participant 10.96
τ11Participant[congr/cogn] 3.39
τ11Participant[incongr/cogn] 4.92
τ11Participant[incongr/non−cogn] 4.82
ρ01Participant[congr/cogn] -0.60
ρ01Participant[incongr/cogn] -0.79
ρ01Participant[incongr/non−cogn]-0.62
ICC 0.12
NParticipant 28
NItem 96

Observations 1,696,396
Marginal R2/
Conditional R2

0.002/0.123





CHAPTER 5

Processing non-native syntactic violations:

different ERP correlates as a function of

typological similarity

This article was submitted for review as: Von Grebmer Zu Wolfs-

thurn, S., Pablos-Robles, L., & Schiller, N. O. (2022). Processing syn-

tactic violations in the non-native language: different ERP correlates as

a function of typological similarity. Neuropsychologia.

Abstract: Despite often featured in theoretical accounts, the
exact impact of typological similarity on non-native language com-
prehension and its corresponding neural correlates remain unclear.
Here, we examined the modulatory role of typological similarity
in syntactic violation processing, e.g., [el volcán] (the volcano) vs.
[*la volcán] in the non-native language Spanish, as well as in cross-
linguistic influence. Participants were either Italian late learners of
Spanish (highly similar language pair) or German late learners of
Spanish (less similar language pair). We measured P600 component
amplitudes, accuracy and response times. In line with our predic-
tions, we found a larger P600 effect and differential CLI effects
for Italian-Spanish speakers compared to German-Spanish speak-
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ers. Interestingly, Italian-Spanish speakers responded overall more
slowly compared to German-Spanish speakers. Taken together, the
results reflect a typological similarity effect in non-native compre-
hension in the form of a processing advantage for typologically sim-
ilar languages, but only at the neural level. These findings have
critical implications for the interplay of different languages in the
multilingual brain.

Keywords: typological similarity, non-native comprehension,
cross-linguistic influence, gender congruency effect, cognate facil-
itation effect, EEG, ERPs, P600 effect, generalised additive mixed
models

5.1 Introduction

A fundamental characteristic of multilingual language compre-
hension is cross-linguistic influence (CLI) between the native lan-
guage (L1) and the non-native language (Kroll et al., 2015; Lago et
al., 2021; Lemhöfer et al., 2008). In this study, we considered indi-
viduals who were able to communicate in two or more languages as
multilinguals (Cenoz, 2013). In language comprehension, CLI is of-
ten conceptualised as the parallel activation of both the L1 and the
non-native language (Hamers & Lambert, 1972; Lago et al., 2021),
even when the circumstances only require the use of one language
(Blumenfeld & Marian, 2013; Lago et al., 2021; Marian & Spivey,
2003b; Nozari & Pinet, 2020). CLI was demonstrated at the level of
(morpho)syntax (Grüter, Lew-Williams & Fernald, 2012; Lemhöfer
et al., 2008; Tolentino & Tokowicz, 2011; Zawiszewski et al., 2011),
for grammatical gender (Lemhöfer et al., 2008; Paolieri et al., 2020)
and for cognate processing (Midgley et al., 2011; Peeters et al.,
2013). Moreover, CLI was reported for different ages of non-native
acquisition (AoA), with some evidence suggesting that CLI may be
more pronounced in early acquisition stages (Gillon-Dowens et al.,
2010; Ringbom, 1987; Sunderman & Kroll, 2006). One important
question is whether CLI is modulated by the typological similarity,
that is, the syntactic and structural similarities between the L1 and
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the non-native language (Foote, 2009; Putnam, Carlson & Reitter,
2018; Tolentino & Tokowicz, 2011). In other words, does similarity
at the level of, for example, grammatical gender or orthographic and
phonological form overlap have an impact on non-native language
processing? This is a critical issue because it is intimately linked
to the functional organisation of multilinguals’ languages and the
question of how cross-language similarities can facilitate or hinder
non-native processing (Tolentino & Tokowicz, 2011). As will be dis-
cussed below, it has long been proposed that typological similarity
is a crucial factor in multilingual language processing (Casaponsa
& Duñabeitia, 2016; MacWhinney, 2005; Odlin, 1989; Sabourin &
Stowe, 2008; Tolentino & Tokowicz, 2011; Weinreich, 1953; Zaw-
iszewski & Laka, 2020). Yet, there is a distinct lack of studies dir-
ectly tackling the impact of typological similarity on some of the
most fundamental cognitive aspects of multilingual language pro-
cessing such as CLI.

This study focused on examining the role of typological similar-
ity via two CLI effects. The first CLI effect we investigated was the
gender congruency effect, which reflects CLI at the level of gram-
matical gender (hereafter gender). Gender refers to a noun clas-
sification system which is featured in several Indo-European lan-
guages (Corbett, 1991). Among those languages are Italian, Ger-
man and Spanish, which are the languages of interest in this study.
The gender systems of both Italian and Spanish feature a feminine
and masculine gender value, marked by [laF ] and [ilM ], and [laF ] and
[elM ], respectively. In contrast, German has a three-way gender sys-
tem characterised by a feminine, masculine and neuter gender value
marked by [derM ], [dieF ] and [dasN ], respectively (Schiller & Cara-
mazza, 2003; Schiller & Costa, 2006). The so-called gender congru-
ency effect manifests itself in more accurate and faster processing
of gender congruent items, e.g., [ilM caneM ] and [elM perroM ] “the
dog” compared to incongruent items, e.g., [ilM latteM ] and [laF

lecheF ] “the milk” in Italian and Spanish (Lemhöfer et al., 2008;
Paolieri et al., 2019; Sá-Leite et al., 2020). In other words, similarity
at the level of gender results in a measurable processing advantage
for gender congruent items vs. incongruent items across the L1 and
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the non-native language.

The second CLI effect we examined in this study was the cog-
nate facilitation effect. It reflects CLI at the level of orthographic
and phonological overlap, i.e., cognates. More specifically, this effect
entails more accurate and faster processing of cognates, i.e., words
with a significant overlap in terms of orthographic and phonolo-
gical word form, e.g., [vulcano] and [volcán] “volcano”; compared
to non-cognates, e.g., [viso] and [cara] “face” in Italian and Span-
ish (Comesaña et al., 2014; Costa et al., 2005; Marian, Blumenfeld
& Boukrina, 2008; Midgley et al., 2011; Lemhöfer et al., 2008).
With respect to typological similarity, Marian et al. (2008) showed
that a larger phonological overlap for native Russian speakers with
high proficiency in English was linked to higher performance and
shorter response times (RTs) in an auditory lexical decision task. In
turn, this particular effect highlights the processing advantage for
orthographically and phonologically similar word forms, i.e., cog-
nates compared to non-cognates. Taking both effects together, the
gender congruency effect and the cognate facilitation effect tentat-
ively indicate a processing advantage for typologically more similar
structures compared to less similar structures, as reflected by higher
accuracy and faster RTs for congruent items and cognates compared
to incongruent items and non-cognates.

In this study, we used both effects to closely examine the impact
of typological similarity on non-native comprehension, specifically
in terms of gender similarity and orthographic and phonological
word form overlap between the L1 and the non-native language.
Directly relevant to this study is the Language Distance Hypothesis,
LDH (Zawiszewski & Laka, 2020), which provides a theoretical ac-
count of the interaction between typological similarity and CLI ef-
fects. The core prediction of this account is the modulation of CLI
on the basis of (morpho)syntactic similarity between the L1 and the
non-native language. Concretely, the LDH predicts more native-like
behavioural patterns and event-related components (ERPs) emer-
ging in the non-native language for highly morphologically similar
structures across the L1 and the non-native language compared
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to less similar structures. This would be reflected in higher accur-
acy, shorter RTs and larger (more native-like) ERP components for
morphologically similar structures across languages.

Zawiszewski and Laka (2020) systematically tested this account
in a recent experiment on morphological processing in grammatical
and ungrammatical sentences in highly proficient Basque-Spanish
speakers and Spanish-Basque speakers. The critical manipulation
was the presence or absence of a particular morphological feature
in the non-native language compared to the L1. Consistent with
the LDH, their results indicated a link between shorter RTs and
larger ERP effects (i.e., native-like ERP effects) in the non-native
language for some morphologically similar structures compared to
less similar structures. In turn, this suggested an overall processing
advantage in the non-native language for morphologically similar
structures. Critically, the authors also acknowledged that AoA and
non-native proficiency could modulate typological similarity effects.
This is in line with previous studies which have highlighted the
impact of non-native proficiency on typological similarity effects
(Gillon-Dowens et al., 2010; Ringbom, 1987; Tokowicz & MacWhin-
ney, 2005; Weber-Fox & Neville, 1996). For example, Tokowicz and
MacWhinney (2005) examined low proficient and highly proficient
English-Spanish speakers and their sensitivity to the correctness
of syntactic structures. In addition to non-native proficiency, the
second critical manipulation was that some syntactic structures
were similar across the languages (auxiliary marking), whereas the
other structures were not (gender and number agreement). Results
demonstrated that increased typological similarity was linked to
shorter RTs, in particular for lower proficient speakers. In contrast,
highly proficient speakers in this study appeared to remain largely
unaffected by typological similarity. This finding suggests that ty-
pological similarity effects may be more pronounced in earlier ac-
quisition stages (Sunderman & Kroll, 2006; Zawiszewski & Laka,
2020). Therefore, in this study we focused on late language learners
to examine typological similarity effects more closely, i.e., individu-
als who acquired a non-native language later during development
after the age of fourteen (S. Rossi et al., 2006).



176 From oscillations to language

Before the formulation of the LDH, earlier work by Sabourin
and Stowe (2008) examined the impact of typological similarity on
gender processing. In their study, they compared gender agreement
processing in Dutch across native Dutch speakers vs. native Ger-
man and Romance language speakers, who were all late learners
of Dutch (AoA > 14 years of age). In terms of typological similar-
ity, German and Dutch have a greater linguistic overlap compared
to Romance languages and Dutch (Schepens et al., 2013; Van der
Slik, 2010). Therefore, in their study, the German-Dutch speakers
represented the typologically similar language pair, and the Ro-
mance language-Dutch speakers the typologically less similar lan-
guage pair. Importantly, the authors also explored the effects of ty-
pological similarity on neural correlates of gender processing, with
a specific focus on P600 component amplitudes. The P600 compon-
ent is an event-related brain potential (ERP) and is characterised
as a positive-going waveform reaching its peak approximately 600
ms post-stimulus onset in centro-parietal regions (Friederici et al.,
1999; Friederici, Hahne & Saddy, 2002; Swaab et al., 2011). The so-
called P600 effect has been reported in the context of higher voltage
amplitudes for syntactic violations such as [*laF volcánM ] vs. syn-
tactically correct structures such as [elM volcánM ] “the volcano”
(Hagoort et al., 1993; Friederici, Gunter, Hahne & Mauth, 2004;
Hahne, 2001; Weber-Fox & Neville, 1996). Critically, Sabourin and
Stowe (2008) found that P600 effects were modulated by syntactic
similarity between the L1 and Dutch: only native German speakers
showed a clear P600 effect for syntactic violations in Dutch, whereas
the native Romance language speakers did not. The results sugges-
ted that typologically similar languages (e.g., German-Dutch) were
linked to an enhanced sensitivity to gender violations in compar-
ison to less typologically similar languages (e.g., Romance language-
Dutch) and a larger P600 effect. Behaviourally, the German-Dutch
speakers outperformed the Romance language-Dutch speakers in
terms of accuracy in gender assignment, which indicates differen-
tial CLI effects as a function of typological similarity. These results
are in line with the predictions by the LDH (Zawiszewski & Laka,
2020) and are also compatible with studies linking increased CLI
to typologically similar languages compared to typologically less
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similar languages (Mosca, 2017; Tolentino & Tokowicz, 2011).

In sum, current research strongly suggests that typological sim-
ilarity plays a significant role in modulating both behavioural and
neural measures of non-native language comprehension. More spe-
cifically, typological similarity was shown to influence non-native
gender processing as well as orthographic and phonological pro-
cessing. In this, previous studies suggest the following: first, behavi-
oural effects of typological similarity were found for cross-linguistic
gender processing, suggesting a gender processing advantage for
typologically similar languages compared to less similar languages
(Paolieri et al., 2020). Secondly, typological similarity effects were
also found for cross-linguistic cognate processing, whereby a higher
typological similarity was linked to more efficient and faster pro-
cessing of orthographically and phonologically similar structures
(Costa et al., 2005; Comesaña et al., 2014; Lemhöfer et al., 2008).
Critically, this suggests that CLI is influenced by typological simil-
arity, with more pronounced CLI for typologically similar language
combinations compared to less similar combinations (Sabourin &
Stowe, 2008; Tolentino & Tokowicz, 2011). Third, studies have also
reported a typological similarity effect on the neural correlates of
cross-linguistic non-native gender processing (Sabourin & Stowe,
2008). Specifically, larger, more native-like P600 effects were linked
to a higher typological similarity (Sabourin & Stowe, 2008).

5.1.1 The current study

The aim of the current study was to systematically investigate
the effect of typological similarity on syntactic violation processing
and on CLI in non-native comprehension in late language learners
using behavioural measures (accuracy and RTs) and ERP meas-
ures (P600 component voltage amplitudes). For this, we tested two
groups of late learners of Spanish speakers with a varying degree of
typological similarity: representing the typologically similar group,
we tested native Italian speakers; and representing the typologic-
ally less similar group, we tested native German speakers (Schepens,
Dijkstra & Grootjen, 2012; Schepens et al., 2013). Further, we fo-
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cused on two CLI effects: the gender congruency effect, which re-
flects CLI of the gender systems (Lemhöfer et al., 2008; Paolieri
et al., 2019; Sá-Leite et al., 2020), and the cognate facilitation ef-
fect, reflecting CLI of the orthographic and phonological systems
(Costa et al., 2005; Comesaña et al., 2014; Lemhöfer et al., 2008).
To test these typological similarity effects, we employed a syntactic
violation paradigm, whereby participants judged the grammatical
correctness of noun phrases such as el volcán [the volcano] (non-
violation trial) vs. *la volcán (violation trial) while we recorded
their ERPs.

Research questions

The research questions we sought to answer in this study were
the following: first, is there a P600 effect (i.e., a difference between
non-violation and violation trials) for both the Italian-Spanish and
the German-Spanish group? Second, is the P600 effect larger for one
group compared to the other? Third, do CLI effects of gender con-
gruency and cognate status vary across the two groups? This would
reflect a typological similarity effect at the neural level, as well as
a typological similarity effect on CLI between the native and the
non-native language. Taking the LDH (Zawiszewski & Laka, 2020)
as our theoretical basis, we predicted that speakers of typologically
similar languages would bear a processing advantage in the non-
native language compared to speakers of typologically less similar
languages.

Hypotheses

Behavioural hypotheses. With respect to our first research
question, we expected participants to be significantly more accur-
ate and faster for non-violation trials compared to violation trials.
Critically, for our second research question, we predicted an inter-
action effect of L1 (Italian vs. German) with violation type (non-
violation vs. violation) to indicate a typological similarity effect
on processing syntactic (non-)violations. In other words, consistent
with the LDH, we predicted that the Italian-Spanish group would
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be more accurate and faster at processing non-violation trials vs.
violation trials compared to the German-Spanish group. For our
third research question, we first predicted CLI effects, as manifes-
ted in more accurate and faster processing of congruent and cognate
items compared to incongruent and non-cognate items. Import-
antly, here we aggregated our two main manipulations gender con-
gruency (congruent vs. incongruent) and cognate status (cognate
vs. non-cognate) into the variable condition with four levels: con-
gruent/cognate, congruent/non-cognate, incongruent/cognate and
incongruent/non-cognate items. In this, we investigated an interac-
tion effect of L1 with condition. We hypothesised that the Italian-
Spanish group would be statistically more accurate and faster at
processing congruent and cognate items vs. incongruent and non-
cognate items compared to the German-Spanish group.

ERP hypotheses. In terms of our first research question, we
expected a P600 effect in both groups, as indicated by smaller
voltage amplitudes for non-violation trials compared to violation
trials. For our second research question, we predicted an interaction
effect between L1 and violation type to indicate a typological simil-
arity effect on the P600 effect size. More specifically, in line with the
LDH, we hypothesised a larger P600 effect for the Italian-Spanish
group compared to the German-Spanish group. For our third re-
search question, we predicted an interaction effect between L1 and
condition, indicating an effect of typological similarity on CLI. Spe-
cifically, we expected to observe larger voltage amplitudes connec-
ted to larger CLI for the Italian-Spanish group compared to the
German-Spanish group. Taken together, these findings would in-
dicate a general processing advantage for the Italian-Spanish group
compared to the German-Spanish group, with overall higher accur-
acy, shorter RTs and larger P600 amplitudes for the typologically
similar language combination.
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5.2 Methods

Before the experiment, participants filled out the Language Ex-
perience and Proficiency Questionnaire, LEAP-Q (Kaushanskaya
et al., 2020; Marian et al., 2007). The LEAP-Q was used to es-
tablish proficiency and experience measures for the participants’
known languages. During the experimental session, participants
completed the LexTALE-Esp task (Izura et al., 2014), a lexical
decision task that provides a vocabulary size score (LexTALE-Esp
score) in Spanish. LexTALE-Esp scores were previously found to be
highly correlated with overall proficiency levels, see Lemhöfer and
Broersma (2012). Subsequently, participants completed the syn-
tactic violation paradigm. Note that the German-Spanish parti-
cipants included in this study as well as the procedures used are
identical to the ones reported in Von Grebmer Zu Wolfsthurn et al.
(2021a).

5.2.1 Participants

We recruited and tested 33 native speakers of Italian (24 fe-
males) with M = 27.12 years of age (SD = 4.08). We also tested
33 native speakers of German (27 females) with M = 23.06 years
of age (SD = 2.47), previously described in Von Grebmer Zu Wolf-
sthurn et al. (2021a). All participants had an intermediate B1/B2
proficiency level in Spanish according to the Common European
Framework of Reference for Languages, CEFR (Council of Europe,
2001). We established this proficiency level using various linguistic
variables of the LEAP-Q, the LexTALE-Esp score and by recruiting
directly from foreign language courses aimed at the B1/B2 level.
Participants had to meet the recruitment criteria to be eligible
for the study: dominant right-handed, between 18 and 35 years of
age, absence of psychological, reading or language impairments, no
second language learnt before the age of five and an age of acquisi-
tion of Spanish of more than fourteen years. We imposed additional
recruitment criteria for the Italian-Spanish group because we tested
them in the non-native environment: participants had to have lived
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in a Spanish-speaking country for less than one year and started
learning Spanish shortly before or upon their arrival to Spain. We
combined these criteria with the information of the LEAP-Q to es-
tablish our speakers within the category of late language learners
with intermediate B1/B2 proficiency levels (Kaushanskaya et al.,
2020). Note that not all participants were included in the data ana-
lyses, see section 5.3.4 for details about data exclusion.

Linguistic profile of participants

Below, we summarised several key linguistic variables related
to Spanish from the LEAP-Q and the LexTALE-Esp (Table 5.2.1).
We limited these descriptions to the participants included in the
statistical analyses (section 5.3.4). In the Italian-Spanish group,
twelve participants stated they perceived Spanish as their current
first foreign language in terms of dominance, thirteen participants
stated Spanish as their second, three participants as their third
and finally, one participant as their fourth foreign language. For
the German-Spanish group, four participants self-reported Spanish
as their perceived first foreign language, twenty-one participants
as their second, and three as their third foreign language. See Ap-
pendix 5.A and Appendix 5.B for a more detailed linguistic profile
of the two groups.
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Table 5.2.1: Linguistic profile of Spanish for the Italian-Spanish group (n
= 29) and the German-Spanish group (n = 28), including the LexTALE-
Esp score. Self-reported proficiency measures (speaking, comprehension,
reading) were rated on a scale from zero to ten (ten being equal to max-
imal proficiency) and are highlighted in bold.

Measure Italian-Spanish German-Spanish

LexTALE-Esp score
mean

27.29 (SD = 14.01) 18.91 (SD = 20.45)

LexTALE-Esp score
range

-7.37 - 49.30 -23.16 - 60.18

AoA Spanish (years) 23.31 (SD = 4.86) 16.46 (SD = 2.33)
Fluency age Spanish
(years)

24.52 (SD = 4.45) 18.59 (SD = 2.13)

Reading onset age
Spanish (years)

23.79 (SD = 4.74) 17.36 (SD = 2.88)

Fluent reading age
Spanish (years)

23.92 (SD = 4.84) 18.50 (SD = 2.52)

Immersion in
Spanish-speaking
country (years)

0.48 (SD = 0.35) 1.04 (SD = 0.69)

Daily exposure (%) 41.38 (SD = 18.27) 9.86 (SD = 9.73)
Speaking
proficiency

6.31 (SD = 1.73) 6.85 (SD = 0.93)

Comprehension
proficiency

7.32 (SD = 1.76) 7.50 (SD = 0.88)

Reading
proficiency

7.48 (SD = 1.48) 7.18 (SD = 1.12)

5.2.2 Materials and design

We used the Italian and the German version of the LEAP-Q
for our two groups, respectively. Further, we generated E-prime
(Version 2) scripts (Schneider et al., 2002) for the LexTALE-Esp
and the syntactic violation paradigm.

Stimuli

LexTALE-Esp. In line with the original lexical decision task by
Izura et al. (2014), stimuli consisted of 60 Spanish words varying in
terms of frequency, as well as 30 pseudowords with different degrees
of similarity to real Spanish words, for example [alardio]. Therefore,
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the critical manipulation was condition (word vs. pseudoword), and
we measured accuracy during this task.

Syntactic violation paradigm. The stimuli selection proced-
ure for the Italian-Spanish and the stimuli for the German-Spanish
group were identical as outlined in Von Grebmer Zu Wolfsthurn et
al. (2021a). However, the selected stimuli differed between the two
groups due to the constraints by our main manipulations: stimuli
were selected separately for each group based on their gender con-
gruency and cognate status across Italian and Spanish, and across
German and Spanish. As a result, the stimuli were different for the
Italian-Spanish compared to the German-Spanish group. We selec-
ted a total of 224 stimuli for each group. We followed a 2 x 2 x 2
fully factorial design, with violation type (non-violation vs. viola-
tion), gender congruency (congruent vs. incongruent) and cognate
status (cognate vs. non-cognate) as our critical manipulations. Half
of all trials were violation trials, and the other half non-violation
trials. Half of our stimuli were gender congruent, and half gender
incongruent. In turn, half of the stimuli nouns were cognates, and
the rest non-cognates. Therefore, each experimental condition con-
tained 28 stimuli, adding to a total of 224 stimuli for each group.
The task was a grammaticality judgment task embedded within
a syntactic violation paradigm, whereby participants determined
whether a noun phrase such as el volcán was grammatically cor-
rect. We recorded participants’ EEG during this task, as well as
accuracy and RTs.

EEG recordings

Italian-Spanish group. We used 32 active electrodes in a
standard 10/20 montage to collect EEG data at a sampling rate
of 500 Hz via the BrainVision Recorder software (Version 1.10) by
BrainProducts. We placed one electrode (FT9) under the parti-
cipant’s left eye to record the vertical electrooculogram (VEOG),
and one electrode (FT10) at the outer canthus of the left eye for
the horizontal electrooculogram (HEOG). All electrodes were ref-
erenced to FCz. A ground electrode was positioned on the parti-
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cipant’s right cheek. We used BrainVision Recorder to keep our
impedances for each electrode below 10 kΩ for an enhanced signal.

German-Spanish group. We sampled the EEG data from 32
passive electrodes configured in a 10/20 montage at a rate of 500
Hz and again using the BrainVision Recorder software (Version
1.23.0001). We placed one VEOG electrode underneath the left eye,
two HEOG electrodes at the outer canthus of each eye, and the
ground electrode on the right cheek of the participant. The original
reference electrode was Cz. We used the actiCAP ControlSoftware
(Version 1.2.5.3) to ensure that impedances were below 5 kΩ for the
reference and ground electrode, and below 10 kΩ for the remaining
electrodes.

5.2.3 Procedure

The experimental session was carried out on a computer screen
in an experimental booth and took place in the CBC Laboratories
at the Pompeu Fabra University for the Italian-Spanish group, and
in the Neurolinguistic Laboratories at the University of Konstanz
for the German-Spanish group. Prior to the start of the experiment,
we provided participants with an information sheet and a consent
form in their L1, complying with the ethics code for neurolinguistic
research in the Faculty of Humanities at Leiden University. During
the experiment, participants completed both the LexTALE-Esp and
the syntactic violation paradigm. Written instructions for each task
were provided on the screen in black font on a white background.
The procedure for each task was identical for both groups, with
the exception that the oral and written instructions were given in
Italian to the Italian-Spanish group, and in German to the German-
Spanish group. After the experiment, participants received a writ-
ten and oral debrief in their L1, as well as a monetary compensation
for their participation.
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LexTALE-Esp

Participants were shown a fixation cross for 1,000 ms. Next, a
letter string of either a Spanish word or pseudoword appeared on
the screen. Participants decided whether or not the letter string
was a Spanish word via a button press. The next trial was initi-
ated following the participant’s response. Prior to the experiment,
we eliminated three word stimuli due to overlap with the stimuli
from the syntactic violation paradigm. Therefore, we presented par-
ticipants with 57 word stimuli, and 30 pseudoword stimuli, adding
to a total of 87 trials. Each stimulus was only presented once, and
trial order was fully randomised for each participant. In a final
step, we calculated the LexTALE-Esp score in offline calculations
by subtracting the percentage of incorrectly identified pseudowords
from the correctly identified words for each participant (Izura et
al., 2014).

Syntactic violation paradigm

The task procedure was identical for both groups, as is outlined
in detail in Von Grebmer Zu Wolfsthurn et al. (2021a). It was as
follows: participants were first presented with a fixation cross for
1,000 ms. Then, they were instructed that they would see a bare
noun (e.g., volcán [volcano]) on the screen. Here they had to de-
termine their familiarity with the noun by responding to a yes/no
question during its presentation. This was followed by the display
of a fixation cross for 500 ms. We then visually presented parti-
cipants with determiner + noun constructions, e.g., el volcán [the
volcano] for a maximum time of 3,000 ms and asked participants
to determine the grammatical correctness of each noun phrase as
accurately and fast as possible via a button press. The next trial
was initiated upon participant’s response. Each stimulus was only
shown once within a noun phrase, adding to a total of 224 trials.
Trial order was fully randomised, and we incorporated two self-
paced breaks for our participants. At the beginning of the task,
we included eight practise trials to familiarise participants with the
trial procedure. Within-experiment instructions and prompts were
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displayed in Spanish. See Figure 5.2.1 for example trials of this task.

Figure 5.2.1: Example trial for the syntactic violation paradigm. Within-
trial prompts in the figure were translated to English for convenience.
The final prompt was added to the figure for visualisation purposes only.

+
1000 ms

500 ms

3000 ms

volcán

Familiar?

YES  NO

+

el volcán

Correct?

YES  NO

5.3 Results

5.3.1 Behavioural data exclusion

We included the same participants in the behavioural analysis
as in the EEG analysis (see section 5.3.4). This meant that we ana-
lysed data from 29 Italian-Spanish speakers after excluding four
participants, and data from 28 German-Spanish speakers after ex-
cluding five participants, thereby analysing data from a total of 57
participants.

5.3.2 Behavioural data analysis

The behavioural data analysis procedure matched the analysis
described in Von Grebmer Zu Wolfsthurn et al. (2021a), with the
exception that our maximal model in this study reflected our re-
search questions. Here, we used a generalised linear mixed effects
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modelling (GLMM) approach to model accuracy and RTs for the
grammaticality judgement. All analyses were implemented in R,
Version 4.1.2, and in RStudio, Version 2021.09.0 (R Core Team,
2021) using the lme4 package (Bates et al., 2020). We specified a
binomial distribution to model accuracy, and a gamma distribu-
tion with an identity link function to model positively skewed RTs
from correct trials (Lo & Andrews, 2015). We initially built a the-
oretically plausible maximal model with an elaborate fixed effects
structure. This included the interaction effect for L1 (Italian vs.
German) and violation type (violation vs. non-violation), as well
as the interaction effect for L1 and condition (congruent/cognate
vs. congruent non-cognate vs. incongruent/cognate vs. incongruent
non-cognate), representing the CLI effects. Next, our model further
included the covariates LexTALE-Esp score, order of acquisition of
Spanish, terminal phoneme, target noun gender and word length.
Finally, we included random intercepts for participant and item, as
well as random slopes for violation type and condition for a maximal
random effects structure (Barr, 2013). Upon model non-convergence
or singular fit, we simplified our random effects structure. We then
tested for the relevance of each covariate and the significance of the
other fixed effects terms by systematically examining their statist-
ical significance in a model comparison approach using the anova()
function. A significant χ2-test indicated that a particular term sig-
nificantly contributed to an improved goodness of fit and was sub-
sequently kept in the model. For accuracy, the models were fit-
ted with the Laplace approximation. For RTs, we used the default
maximum likelihood estimation (Bates et al., 2020) for unbiased
estimates for the model comparisons, but re-fitted the final model
with the restricted maximum likelihood method (Mardia, South-
worth & Taylor, 1999). We determined treatment coding as our
default contrast, and vigorously checked the model diagnostics us-
ing the DHARMa package (Hartig, 2020). P-values were derived
using the lmerTest package (Kuznetsova, Brockhoff, Christensen &
Pødenphant-Jensen, 2020), and test statistics above ±1.96 were in-
terpreted as significant at α = 0.05 (Alday et al., 2017). Note that
we report model parameters for accuracy as odds ratios.
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5.3.3 Behavioural data results

We calculated mean accuracy and RTs for each condition and
each group in Table 5.3.1.

Accuracy. The maximal model described above in section 5.3.2
did not converge and was subsequently simplified. The simplified
model contained both interaction effects, but yielded an insignific-
ant interaction effect for L1 and violation type with β = 0.946,
z = -0.145, p = 0.885. We therefore compared this model to a
model which included only the interaction effect between L1 and
condition, but not L1 and violation type. There was no significant
difference in model fit between these two models with χ2(1, n =
57) = 0.021, p = 0.885, and we subsequently selected the simpler
model as our best-fitting model (Appendix 5.D). This best-fitting
model included the interaction effect between L1 and condition,
and main effects for L1 and violation type. Further, the model in-
cluded LexTALE-Esp score and target noun gender as covariates,
by-participant random slopes for violation type, and random in-
tercepts for both participant and item (Appendix 5.D). Therefore,
the final model was: accuracy ∼ L1 (Italian vs. German) + viol-
ation type (violation vs. non-violation) + L1 * condition (congru-
ent/cognate vs. congruent/non-cognate vs. incongruent/cognate vs.
incongruent/non-cognate) + LexTALE-Esp score + target noun
gender (feminine vs. masculine) + (violation type|participant) +
(1|item).

Participants were more accurate for non-violation trials com-
pared to violation trials with β = 0.412, 95% CI [0.279, 0.609],
z = -4.45, p < 0.001. Further, there was a main effect of condi-
tion with participants being more accurate for congruent/cognate
items compared to incongruent/cognate items with β = 0.258, 95%
CI [0.132, 0.504], z = -3.96, p < 0.001 (Figure 5.3.1). Despite being
included in the final model, the main effect for L1 was not signific-
ant with β = 1.50, 95% CI [0.673, 3.35], z = 0.993, p = 0.321 for the
Italian-Spanish group compared to German-Spanish group. Critic-
ally, the interaction effect between L1 and condition was insigni-
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ficant for all levels contrasted with the Italian-Spanish group and
congruent/cognate items with β = 0.349, 95% CI [0.121, 1.01], z =
-1.94, p = 0.052 for the German-Spanish group and congruent/non-
cognate items, β = 1.68, 95% CI [0.631, 4.46], z = 1.04, p = 0.300
for the German-Spanish group and incongruent/cognate items, and
finally, β = 0.661, 95% CI [0.238, 1.84], z = -0.792, p = 0.428 for the
German-Spanish group and incongruent/non-cognate items. Taken
together, we found a main effect of violation type and a small main
effect for condition on accuracy. However, we found neither a sig-
nificant interaction effect of L1 and violation type, nor of L1 and
condition. We also did not find a main effect of L1 on accuracy,
either. This indicated that accuracy levels were comparable for the
two groups. See Appendix 5.D for the full model parameters for
accuracy.
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Figure 5.3.1: Mean accuracy (%) for each group for each condition (n =
57).
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Response times. The maximal model described in section
5.3.2 that included both interaction terms yielded non-convergence.
We subsequently simplified the random effects structure and also
excluded LexTALE-Esp score as a covariate. This simplified model
yielded an insignificant interaction effect for L1 and violation type
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with β = -1.51, t = -0.407, p = 0.684 for Italian and non-violation
items compared to German and violation items. We then compared
this model to a model which included only the interaction effect
between L1 and condition, but not L1 and violation type. This
comparison showed no difference in model fit with χ2(1, n = 57) =
0.001, p = 0.971. We therefore declared the model containing the
interaction effect between L1 and condition and main effects of L1
and violation type as our best-fitting model (Appendix 5.E). Sim-
ilar to the best-fitting model for accuracy, this model also included
target noun gender as covariate, by-subject random slopes for viola-
tion type and random intercepts for participant and item (Appendix
5.E). Subsequently, the best-fitting model was: RTs ∼ L1 (Italian
vs. German) + violation type (violation vs. non-violation) + L1 *
condition (congruent/cognate vs. congruent/non-cognate vs. incon-
gruent/cognate vs. incongruent/non-cognate) + target noun gender
(feminine vs. masculine) + (violation type|participant) + (1|item).

Participants were faster for non-violation trials compared to vi-
olation trials with β = 128.18, 95% CI [93.90, 162.45], t = 7.33,
p < 0.001. Participants were also significantly faster for congru-
ent/cognate items compared to incongruent/cognate items with β
= 105.64, 95% CI [89.30, 121.98], t = 12.67, p < 0.001, and for
incongruent/non-cognates with β = 36.02, 95% CI [25.35, 46.68],
t = 6.62, p < 0.001. Importantly, participants in the German-
Spanish group were statistically faster compared to the Italian-
Spanish group with β = -82.55, 95% CI [-100.54, -64.56], t = -8.99, p
< 0.001. Moreover, the interaction effect between L1 and condition
was significant for Italian and congruent/cognate items compared to
German and incongruent/cognate items with β = -63.19, 95% CI [-
102.49, -23.89], t = -3.15, p = 0.002, with Italian participants being
significantly slower (Figure 5.3.2). In sum, we found first, that par-
ticipants were faster for non-violation compared to violation items;
second, that participants were faster for congruent/cognate items
than for incongruent/cognate and incongruent/non-cognate items;
third, that the German-Spanish group was overall faster compared
to the Italian-Spanish group; and fourth, that the German-Spanish
group was faster for incongruent/cognate items compared to con-
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gruent/cognate items than the Italian-Spanish group. This indic-
ated an effect of L1 on CLI across the two groups for RTs. See
Appendix 5.E for the full model parameters for RTs.

Figure 5.3.2:Mean response times (ms) for each group for each condition
(n = 57).
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5.3.4 EEG data exclusion

EEG trials were excluded based on one of the following reasons:
first, the participant had indicated that they were unfamiliar with
the noun; second, because the participant made an incorrect gram-
matical judgement; and third, the trial segment contained an arte-
fact. Therefore, we only included familiar, correct and uncontamin-
ated trials in our analysis, provided that the trial rejection threshold
did not exceed 60% of trials per participant. Subsequently, we ex-
cluded four participants from the Italian-Spanish group, and four
participants from the German-Spanish group. Moreover, one par-
ticipant from the German-Spanish group was lost due to a record-
ing failure. In total, we included 57 datasets, 29 from the Italian-
Spanish group, and 28 from the German-Spanish group. We in-
cluded the same participants in the behavioural analyses (see pre-
vious section 5.3.1).

5.3.5 EEG data pre-processing

We pre-processed our EEG data before the statistical analysis
using BrainVision Analyzer (Brain Products, GmbH, Munich). For
both groups, we re-referenced to the mastoid electrodes TP9 and
TP10 and re-used the original reference channel as a data channel.
For the German-Spanish group, we additionally implemented linear
derivation to obtain an average HEOG signal. Next, we applied a
high-pass filter of 0.1 Hz and a low-pass filter of 30 Hz. We then cor-
rected for residual drift using a maximum amplitude of ±200 µV for
the HEOG channel, and ±800 µV for the VEOG channel. We used
ocular independent component analysis to correct for blink activity
using both the VEOG and the HEOG channel as a baseline. We
performed artefact correction according to the following criteria:
we allowed a maximal voltage step of 50 µV/ms for the gradient, a
maximal difference in 100 ms - intervals of 200 µV; maximal amp-
litudes of ± 200 µV, and the lowest allowable amplitude in 100 ms
- intervals of 0.5 µV. Next, we segmented our data from -200 ms
prior to the onset of the stimulus to 1,200 ms after the onset of
the stimulus for familiar and correct trials. We applied a baseline
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correction to each segment using the signal in the 200 ms before
stimulus onset. In a final step, we exported all available voltage
amplitude samples for each time point, segment, data channel (ex-
cluding HEOG, VEOG and the reference channels) and participant
to perform our statistical analysis. In this, we exported 29 data
channels for the Italian-Spanish group (Fp1, Fp2, Fz, F3, F4, F7,
F8, FCz, FC1, FC2, FC5, FC6, Cz, C3, C4, T7, T8, CP1, CP2,
CP5, CP6, Pz, P3, P7, P4, P8, Oz, O1 and O2) and 31 channels
for the German-Spanish group (Fp1, Fp2, AFz, Fz, F3, F4, F7, F8,
FCz, FC3, FC4, FT7, FT8, Cz, CPz, CP3, CP4, C3, C4, T7, T8,
TP7, TP8, Pz, P3, P4, P7, P8, Oz, O1 and O2). Each channel was
assigned to one of the following topographic regions: left anterior,
mid anterior, right anterior; left central, mid central, right central;
and finally, left posterior, mid posterior and right posterior regions.

5.3.6 EEG data analysis

For the statistical analysis, we employed a data-driven approach
to model voltage amplitudes over time. For this, we first conducted
a permutation analysis to determine our region of interest (ROI)
in terms of channels. Second, we used generalised additive mixed
models (GAMMs) to establish our time window of interest for a
potential P600 effect (Meulman et al., 2015) and to model group
differences in terms of the P600 effect and CLI effects.

To determine our ROI, we performed a cluster-based permuta-
tion analysis using the permutes package (Voeten, 2019) in R to
highlight potentially significant effects of violation type and condi-
tion on voltage amplitudes. We visualised the outcomes of the per-
mutation analysis in Figure 5.3.3 for the Italian-Spanish speakers,
and in Figure 5.3.4 for the German-Spanish speakers. Potentially
significant effects of violation type and condition are highlighted in
red colours. Note that the figure for the German-Spanish speakers
is identical to Von Grebmer Zu Wolfsthurn et al. (2021a). For the
Italian-Spanish group, the outcome tentatively suggested channels
C4, CP2, CP6, Pz, P3, P4, P7 and P8 as ROI, these channels were
located in centro-parietal regions with a slight left lateralisation. In
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contrast, for the German-Spanish group the outcome yielded CPz,
CP3, CP4, TP7, TP8, Pz, P3, P4, P7, P8, Oz, O1 and O2 as a po-
tential ROI. These electrodes were located in left posterior, central
posterior and right posterior regions, consistent with the classical
topography of the P600 component (Steinhauer et al., 2009).

Figure 5.3.3: Permutation analysis outcome for the Italian-Spanish group
(n = 29). Note that higher F-values are visualised in red colours, and
lower F-values in yellow.
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Figure 5.3.4: Permutation analysis outcome for the German-Spanish
group (n = 28). Note that higher F-values are visualised in red colours,
and lower F-values in yellow.

Pooling the ROI channels for both groups, we selected only
channels which were present in the montage of each group, namely
Pz, P3, P4, P7 and P8 as our ROI (Appendix 5.C). In a second
step, we modelled voltage amplitudes over time in our ROI using a
generalised additive mixed model (GAMM) to determine our time
window of interest. A detailed discussion of this method and its
application in EEG research can be found in Meulman et al. (2015)
and in Tremblay and Newman (2015). Briefly, GAMMs not only al-
low for the inclusion of by-participant and by-item random effects
(as do GLMMs), but are also robust against missing data follow-
ing the missing-at-random mechanism and unbalanced observations
per participant. Most importantly, GAMMs allow for the inclu-
sion of non-linear terms to flexibly model the non-linear effects of
voltage amplitudes over time, which cannot be captured with linear
functions. Here, the non-linear term time is modelled flexibly using
(penalised) splines, resulting in a smooth fit for the oscillatory trend
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of voltage amplitudes over time (Meulman et al., 2015). To avoid
over-fitting our data, we constructed a simpler, theoretically plaus-
ible model which included the interaction effect of L1 and violation
type, the interaction effect of L1 and condition, as well as chan-
nel as a covariate. Next, we added a non-linear term for time, and
interaction effects between: time and L1, time and violation type,
time and condition, and time and channel. We further created addi-
tional variables to test for our critical interaction effects over time,
namely L1 and violation type, and L1 and condition. Finally, we
added random intercepts for participant and item, random slopes
for each participant for the effects of time, violation type, condition
and channel ; and random slopes for each item for the effects of time
and channel. This model was fitted using the mgcv package (Wood,
2021) with the fast restricted likelihood estimation (fREML) using
a scaled t-distribution to account for heavy tails in the residuals
(Meulman et al., 2015). For storage efficiency reasons, we further
applied discretisation. We carefully checked the model diagnostics
for problematic residual patterns, the appropriate number of basis
functions (k-parameter), the goodness of fit and for strong autocor-
relation (De Cat et al., 2015). Further, we assumed missing data to
be following the missing-at-random (MAR) mechanism (Ibrahim,
Chen & Lipsitz, 2001).

To answer our first research question about the presence of a
P600 effect in both groups, we used the itsadug package (Van Rij,
Wieling & Baayen, 2020) in R to plot the predicted differences in
voltage amplitudes for non-violation vs. violation trials separately
for both groups. This also provided us with a precise time window
of interest for the P600 component (Appendix 5.G). For our second
research question, we generated conditional plots for the interac-
tion effect of L1 and violation type over time. Similarly, we created
conditional plots for the interaction effect of L1 and condition over
time to tackle our third research question.
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5.3.7 EEG data results

We visualised raw voltage amplitudes for our ROI for each viola-
tion type for both groups in Figure 5.3.5, which illustrates the oscil-
latory trend of voltage amplitudes over time. The first 250 ms post-
stimulus onset show the early visual processing response typical for
visual stimuli (Eulitz et al., 2000). Critically, the signal yielded a
deviation in voltage amplitudes around 450 ms post-stimulus on-
set across both groups. Descriptively speaking, voltage amplitudes
appeared lower for non-violation trials compared to violation trials
between 450 ms and 900 ms post-stimulus onset in both groups
in Figure 5.3.5, which tentatively suggested a P600 effect for both
groups. In contrast, Figure 5.3.6 shows mean voltage amplitudes
for each condition for the Italian-Spanish and the German-Spanish
group. Importantly, Appendix 5.F visualises the large variance and
individual differences in the EEG signal across both groups, which
is a critical aspect to keep in mind when dealing with large EEG
datasets.



200 From oscillations to language

Figure 5.3.5: Mean voltage amplitudes over time for each violation type
for channels Pz, P3, P4, P7 and P8 for both groups.
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Figure 5.3.6: Mean voltage amplitudes over time for each condition for
channels Pz, P3, P4, P7 and P8 for both groups.
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As described above, our fitted GAMM model was as follows:
voltage amplitudes ∼ L1 * violation type + L1 * condition + chan-
nel + s(time, k = 20) + s(time, by = L1, k = 20) + s(time, by = vi-
olation type, k = 20) + s(time, by = condition, k = 20) + s(time, by
= L1 *violation type, k = 20) + s(time, by = L1 * condition, k = 20)
+ s(time, by = channel, k = 20) + s(participant, time, bs = “re”) +
s(participant, violation type, bs = “re”) + s(participant, condition,
bs = “re”) + s(participant, channel, bs = “re”) + s(participant,
bs = “re”) + s(item, time, bs = “re”) + s(item, bs = “re”)1. See
Appendix 5.G for the exact model parameters. The model captured
9.61% of the variance in the data.

With respect to our first research question, we found a sig-
nificant difference between non-violation and violation trials over
time with F = 636.46, p < 0.001, which is indicative of a P600 ef-
fect. We examined this effect individually for each group and found
a significant difference between non-violation and violation trials
between 477.82 ms and 1056.79 ms post-stimulus onset for the
Italian-Spanish group (Figure 5.3.7) and between 491.94 ms and
1056.79 ms for the German-Spanish group (Figure 5.3.8). In addi-
tion, the German-Spanish group showed a small difference at 350
ms post-stimulus onset, which is likely linked to the early visual re-
sponse. Taken together, we found a P600 effect for both the Italian-
Spanish group and the German-Spanish group.

1Our model diagnostics revealed autocorrelation and we subsequently gener-
ated a model where we corrected for this autocorrelation (De Cat et al., 2015).
However, this model did not reach convergence and is therefore not reported
here. Importantly, while the correction for autocorrelation may have a small
impact on the model parameters, it likely does not affect the overall results.
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Figure 5.3.7: Marginal plot of predicted differences in voltage amplitudes
over time for violation vs. non-violations for channels Pz, P3, P4, P7
and P8 for the Italian-Spanish group (n = 29).
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Figure 5.3.8: Marginal plot of predicted differences in voltage amplitudes
over time for violation vs. non-violations for channels Pz, P3, P4, P7
and P8 for the German-Spanish group (n = 28).

−200 0 200 400 600 800 1000 1200

−
2

−
1

0
1

2
3

Difference violation − non−violation

Time

E
st

. d
iff

er
en

ce
 in

 V
ol

ta
ge

di
ffe

re
nc

e,
 e

xc
l. 

ra
nd

om

With respect to our second research question, the interaction
effect of L1 and violation type was significant over time with F =
61.46, p < 0.001. The conditional plot suggested a small, but robust
difference in the P600 effect between the two groups (Figure 5.3.9).
Figure 5.3.9 visualises this difference in voltage amplitudes between
non-violation trials vs. violations trials over time for the Italian-
Spanish group compared to the German-Spanish group. This figure
shows a significant non-zero difference in P600 effects around 600
ms, with a larger P600 effect linked to the Italian-Spanish group
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compared to the German-Spanish group (Figure 5.3.9). The effect
difference was close to zero for the the remaining time points and
therefore not significant. Note that Figure 5.3.9 visually suggests a
large difference in P600 effect size across the two groups, but was
in fact much smaller as predicted by the model (Appendix 5.G).
We captured this notion in Appendix 5.H, which shows this small
difference in P600 effects in relation to our original scale.

Figure 5.3.9: Conditional plot of predicted difference in voltage amp-
litudes over time for violations vs. non-violations for channels Pz, P3,
P4, P7 and P8 across both groups (n = 57). The dashed lines represent
the standard error.
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With respect to our third and final research question, the in-
teraction effect of L1 and condition was significant over time with
F = 29.30, p < 0.001. This suggested that CLI effects differed
over time between the groups. The conditional plot for this partic-
ular effect showed a small difference at two separate time points
post-stimulus onset (Figure 5.3.10). More specifically, CLI effects
were significantly larger around 400 ms and around 800 ms for the
Italian-Spanish group compared to the German-Spanish group. For
the remaining time points, the difference in CLI effects was close
to zero and therefore not significant. Importantly, as Appendix 5.I
shows, these differences in CLI effects across the two groups are
small, but statistically significant according to the model. See Ap-
pendix 5.G for the exact model parameters.
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Figure 5.3.10: Conditional plot of predicted difference in voltage amp-
litudes over time for the CLI effects for channels Pz, P3, P4, P7 and
P8 across both groups (n = 57). The dashed lines represent the standard
error.
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In summary, our ERP findings were the following: first, we
found evidence for a P600 effect for both groups. This was indic-
ated by higher voltage amplitudes for violation trials compared to
non-violation trials. Second, results suggested a statistically larger
P600 effect around 600 ms for the Italian-Spanish compared to the
German-Spanish group over time. Finally, voltage amplitudes con-
nected to CLI effects were larger around 400 ms and around 800 ms
for the Italian-Spanish compared to the German-Spanish group.
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5.4 Discussion

The primary aim of the current study was to investigate typo-
logical similarity effects on cross-linguistic influence (CLI) and on
the neural correlates of syntactic violation processing at the beha-
vioural and neural level. More specifically, we examined typological
similarity effects using a syntactic violation paradigm in speakers
of typologically similar languages (Italian-Spanish) and of typolo-
gically less similar languages (German-Spanish), all of whom were
late learners of Spanish. During the syntactic violation paradigm,
we measured accuracy, RTs and voltage amplitudes over time, with
a particular focus on the P600 component. We probed first, whether
there was a P600 effect across both groups; second, whether this
potential P600 effect was larger for one group compared to the
other; and third, whether there were different CLI effects across
the two groups. On the basis of the LDH (Zawiszewski & Laka,
2020) outlined in the introduction, we predicted an overall pro-
cessing advantage for the Italian-Spanish group compared to the
German-Spanish group.

From a behavioural perspective, we first predicted that speak-
ers would be more accurate and faster for non-violation compared
to violation trials, and for congruent/cognate items compared to
incongruent/non-cognate items. Next, we hypothesised that the
Italian-Spanish group would be more accurate and faster for non-
violation than for violation trials compared to the German-Spanish
group. Finally, we predicted that the Italian-Spanish group would
be more accurate and faster at processing congruent/cognate items
than for incongruent/non-cognate items compared to the German-
Spanish group. This would reflect first, an advantage for speakers of
typologically similar languages (Italian-Spanish) in detecting syn-
tactic violations compared to speakers of typologically less similar
languages (German-Spanish); and second, more pronounced CLI
effects for the Italian-Spanish group.

Behavioural results suggested the following: for accuracy, we
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found that participants were indeed more accurate for non-violation
trials compared to violation trials, in line with our hypothesis. Next,
we also found a small effect of condition, indicating a difference in
accuracy as a function of CLI. Here, participants were more accur-
ate for congruent/cognate items compared to incongruent/cognate
items, thereby suggesting a small effect of gender congruency. How-
ever, with respect to our second and third research question, results
from accuracy indicated neither an influence of typological similar-
ity on syntactic violation processing, nor on overall CLI effects as
both critical interaction effects yielded non-significance.

In contrast, results from RTs provided us with a more extensive
picture. Participants were faster for non-violation trials compared
to violation items, and for congruent/cognate items compared to in-
congruent/cognate and incongruent/non-cognate items. This yields
a processing advantage for congruent/cognates compared to incon-
gruent/cognates both at the level of accuracy and RTs. One pos-
sible interpretation of this particular result could be that incongru-
ent/cognates are potentially particularly difficult to process because
of the simultaneous occurrence of similarity at the word form level
and the unexpected mismatch at the gender level. Subsequently,
the processing effort for incongruent/cognates may be comparat-
ively high in contrast to cases where the similarity manifests itself
at the word form level as well as at the gender level. Another critical
finding was that Italian-Spanish speakers were overall slower com-
pared to the German-Spanish speakers. This suggests a more gen-
eral processing advantage for the typologically less similar German-
Spanish pair compared to the Italian-Spanish pair in terms of RTs.
Critically, with respect to our second research question about the
differential processing of violation vs. non-violation trials across
groups, we did not find evidence for this notion, contrary to our
behavioural predictions. As for our third research question about
differential CLI effects across groups, we found a difference in CLI
across the two groups, but in the opposite direction to what we had
predicted: Italian-Spanish speakers were significantly slower for in-
congruent/cognates compared to the German-Spanish speakers.
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Taken together, the main finding from our behavioural results
was the small effect of typological similarity both on overall RTs
but also on CLI: the German-Spanish speakers, but not the Italian-
Spanish speakers, displayed an overall behavioural processing ad-
vantage in this task. This was both in terms of faster RTs when
detecting syntactic violations and in terms of overall smaller CLI
effects. This notion is contrary to the predictions made by the LDH
(Zawiszewski & Laka, 2020).

There are several possible interpretations of these findings: first,
that there was less CLI for the German-Spanish speakers to begin
with and therefore they were less subject to CLI effects compared
to the Italian-Spanish speakers. Therefore, the processing advant-
age for the German-Spanish group could be a natural consequence
of being less subject to CLI. A second interpretation is that CLI
was equally pronounced in both groups, but the German-Spanish
speakers employed a more efficient strategy to mitigate CLI effects
compared to the Italian-Spanish speakers. Finally, the predictions
of the LDH (Zawiszewski & Laka, 2020) may be limited to morpho-
syntactic similarity and may not apply to similarity at the level of
gender and word form overlap as tested in this current study, at
least in terms of behaviour. Our current design does not allow for
the discrimination of these interpretations, but they should be sub-
ject to future research. Nevertheless, these results provide evidence
for an effect of typological similarity on CLI favouring speakers of
typologically less similar languages. To get a clearer interpretation
of our findings, in the next section we corroborated these behavi-
oural findings with the ERP findings.

In terms of ERPs, we first expected a P600 effect for both
groups. In line with our predictions, we found significantly higher
voltage amplitudes for violation trials compared to non-violation
trials for both the Italian-Spanish and the German-Spanish group,
which reflects the classical P600 effect (Friederici et al., 1999, 2002;
Sabourin & Stowe, 2008; Swaab et al., 2011). In turn, this indicated
that both groups were highly sensitive to syntactic violations at the
level of gender. Notably, both groups displayed a highly similar on-
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set of the P600 effect around 490 ms post-stimulus onset, as well
as a comparable P600 effect latency until around 1,000 ms post-
stimulus onset. Therefore, answering to our first research question,
our data suggest a P600 effect for both the Italian and the Ger-
man late learners of Spanish (S. Rossi et al., 2006; Tokowicz &
MacWhinney, 2005).

For our second research question, we predicted a larger, more
native-like P600 effect for the typologically more similar Italian-
Spanish group compared to the typologically less similar German-
Spanish group, in line with the LDH (Zawiszewski & Laka, 2020).
Supporting this prediction, our data provided evidence for a small,
but robust statistical difference in P600 effect sizes (around 600
ms post-stimulus onset), with a larger P600 effect for the Italian-
Spanish group than for the German-Spanish group. This indicates a
processing advantage for typologically more similar languages com-
pared to less similar languages. Further, these findings corroborate
the results by Sabourin and Stowe (2008), who reported a larger
P600 effect for the typologically more similar language combina-
tion of German and Dutch compared to the combination of Ro-
mance languages and Dutch when processing syntactic violations
in the non-native language Dutch. By extension, the results from
our study support the notion of enhanced sensitivity to syntactic
violations in speakers of typologically more similar languages com-
pared to less similar languages, i.e., Italian-Spanish vs. German-
Spanish, see also Sabourin and Stowe (2008). Therefore, as for our
second research question, we provide evidence that typological sim-
ilarity directly impacts P600 effect sizes. This notion expands on
work by Zawiszewski and Laka (2020), who demonstrated a modu-
lation of ERP effects by morphological similarity in highly proficient
speakers. Therefore, our study contributes novel findings about the
facilitatory role of gender similarity and word form similarity to
existing accounts on the role of morphosyntactic similarity on non-
native comprehension.

For our third research question, we predicted larger CLI for the
Italian-Spanish group compared to German-Spanish group, as re-
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flected in larger, more native-like voltage amplitudes for CLI effects
for the typologically more similar group. In line with our predic-
tions, we found that CLI effects were larger for the Italian-Spanish
group compared to the German-Spanish group. Subsequently, this
represents evidence for a modulation of CLI by typological sim-
ilarity, as well as a processing advantage for typologically similar
languages compared to less similar languages. These results extend
the LDH by Zawiszewski and Laka (2020) in that we provide evid-
ence that also similarity at the level of gender and orthographic and
phonological form overlap (cognate status) elicited more native-like,
larger ERP components. Moreover, these results are also in line with
studies suggesting overall larger CLI for typologically similar lan-
guages compared to less similar languages (Mosca, 2017; Sabourin
& Stowe, 2008; Tolentino & Tokowicz, 2011).

Taking both the behavioural and the ERP data together, res-
ults suggested a general typological similarity effect on non-native
comprehension. Interestingly, however, they indicated a typological
effect in opposite directions: on the one hand, the behavioural data
suggested a behavioural processing disadvantage for the Italian-
Spanish group in the form of overall slower RTs and slower RTs for
processing CLI compared to the German-Spanish group. This con-
trasts with our predictions on the basis of the LDH (Zawiszewski &
Laka, 2020). In turn, it could imply that the model’s behavioural
predictions were only applicable to morphosyntactic similarity but
not to overlap at the level of gender, orthography and phonology.
On the other hand, the ERP data suggested a processing advantage
for the Italian-Spanish group at the neural level, with larger and
more native-like P600 effects and larger CLI effects compared to the
German-Spanish group. These results support the predictions of the
LDH (Zawiszewski & Laka, 2020). Our interpretation is that the
notion of larger, more native-like ERPs for similar languages holds
not only for morphological similarity, but also for gender system
similarity, and orthographic and phonological word form similarity.

Differential findings across behavioural data and ERP data are
not uncommon in the non-native language processing literature
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(Acheson et al., 2012; Bosma & Pablos, 2020; Jiao et al., 2020).
In this current study, behavioural findings support a processing ad-
vantage for typologically less similar languages, whereas neural find-
ings support a processing advantage for typologically similar lan-
guages. Critically, we argue that this contrasts highlights the com-
plex association between behavioural and neural cognitive mechan-
ism, which goes far beyond the more traditional interpretation that
neural measures index ongoing processes and behavioural measures
index the outcomes of those processes (White, Genesee & Stein-
hauer, 2012). Moreover, our contrasting results could also indicate
that typological similarity effects differ not only across behavioural
and neural measures, but potentially also in terms of the differ-
ent linguistic domains, such as phonological similarity, orthographic
similarity or lexico-semantic similarity. Our study design and re-
search questions did not allow for a more nuanced investigation
of whether the typological similarity effect is in fact an interplay
between several similarity effects across different domains. There-
fore, more refined research is needed first, to tease apart a poten-
tially differential impact of typological similarity on behaviour and
neural correlates; and second, to characterise typological similarity
effects not as a unified effect, but as a combination of individual
similarity effects.

Another direction for future research is concerned with examin-
ing the exact role of proficiency in modulating typological simil-
arity effects more closely. As discussed in the introduction, some
studies suggested more pronounced typological similarity effects at
lower proficiency levels (Tokowicz & MacWhinney, 2005). However,
more direct comparisons are needed between typological similarity
effects at different levels of non-native proficiency and AoA. This
was beyond the scope of the current study, but will be essential for
characterising the role of typological similarity on non-native pro-
cessing more broadly and to model the potentially dynamic effects
of typological similarity over time with evolving proficiency levels.

Returning to our broader question of whether typological sim-
ilarity impacts non-native processing, the results of this study sug-
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gest an affirmative answer. In turn, this notion indicates that the
L1 and the non-native language are intrinsically linked with each
other in our late language learners at this specific proficiency level.
However, since studies on this particular topic are scarce, we argue
for the need of more comprehensive studies to tackle this question
in a more nuanced manner.

5.4.1 Conclusions

In this study, we investigated typological similarity effects in
non-native comprehension in Italian-Spanish speakers (typologic-
ally similar group) and German-Spanish speaker (typologically less
similar pair). On the basis of the Language Distance Hypothesis,
LDH (Zawiszewski & Laka, 2020), we predicted a processing ad-
vantage for speakers of the typologically more similar language pair,
as reflected in higher accuracy, shorter RTs and larger, more nat-
ive like P600 amplitudes during a syntactic violation paradigm. We
found different typological similarity effects: on the one hand, the
Italian-Spanish speakers were overall slower during the task com-
pared to the German-Spanish speaker. On the other hand, ERP
evidence showed a larger P600 effect for the Italian-Spanish speak-
ers as well as larger voltage amplitudes for CLI compared to the
German-Spanish speakers. This latter finding was in line with the
LDH (Zawiszewski & Laka, 2020). Therefore, our results indicate a
general typological similarity effect at the level of both behavioural
and neural measures. Moreover, our results suggest an intimate
functional link between the L1 and the non-native language in the
multilingual brain. Questions remain as to whether typological sim-
ilarity effects are uniform across behavioural and neural measures
and whether they are equally pronounced across different linguistic
domains and proficiency levels.
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Appendix

5.A Linguistic profile: Italian-Spanish

group

Table 5.A.1: Overview of the native and non-native languages acquired
by the Italian-Spanish group (n = 29).

L1 L2 L3 L4 L5 Total

Italian n = 29 29
Spanish n = 2 n = 17 n = 8 n = 2 29
English n = 24 n = 4 28
French n = 3 n = 6 n = 3 12
German n = 1 n = 1 2
Catalan n = 1 n = 1 2
Portuguese n = 3 3

Total 29 29 28 13 6
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5.B Linguistic profile: German-Spanish

group

Table 5.B.1: Overview of the native and non-native languages acquired
by the German-Spanish group (n = 28).

L1 L2 L3 L4 L5 Total

German n = 28 28
Spanish n = 15 n = 11 n = 2 28
English n = 26 n = 2 28
French n = 2 n = 8 n = 5 15
Latin n = 2 n = 1 n = 1 4
Russian n = 1 n = 1 2
Swedish n = 1 1
Portuguese n = 1 1
Arabic n = 1 1
Catalan n = 1 1
Italian n = 1 1
Mandarin n = 1 1

Total 28 28 28 18 9
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5.C EEG data: region of interest

Figure 5.C.1: Region of interest and the corresponding channels Pz, P3,
P4, P7 and P8 for the EEG analysis, shown in the shaded area in the
montage of the Italian-Spanish group.
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5.D Model parameters: accuracy

Table 5.D.1: Model parameters for the best-fitting model for accuracy (n
= 57).

Formula: accuracy ∼ L1 (Italian vs. German) + violation
type (violation vs. non-violation) + L1 * condition (congru-
ent/cognate vs. congruent/non-cognate vs. incongruent/cognate vs.
incongruent/non-cognate) + LexTALE-Esp score + target noun
gender (feminine vs. masculine) + (violation type|participant) +
(1|item)

Term Odds Ratio [95% CI] z-value p-value

(Intercept) 65.65 [32.57, 132.35] 11.70 < 0.001
L1 [German] 1.50 [0.673, 3.35] 0.993 0.321
Violation type
[violation]

0.412 [0.279, 0.609] -4.45 < 0.001

Condition
[congruent/non-
cognate]

1.63 [0.752, 3.54] 1.24 0.215

Condition
[incongruent/
cognate]

0.258 [0.132, 0.504] -3.96 < 0.001

Condition
[incongruent/
non-cognate]

0.714 [0.342, 1.49] -0.897 0.370

LexTALE-Esp
score

1.02 [1.01, 1.03] 4.15 < 0.001

Target noun
gender [m]

0.686 [0.478, 0.986] -2.04 0.042

L1 [German] *
Condition
[congruent/
non-cognate]

0.349 [0.121, 1.01] -1.94 0.052

L1 [German] *
Condition
[incongruent/
cognate]

1.68 [0.631, 4.46] 1.04 0.300

L1 [German] *
Condition
[incongruent/
non-cognate]

0.661 [0.238, 1.84] -0.792 0.428
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Random effects
σ2 3.29
τ00Item 1.77
τ00Participant 0.36
τ11Participant[non−violation] 0.16
ρ01Participant -0.35
ICC 0.39
NParticipant 57
NItem 448

Observations 9,972
Marginal R2/
Conditional R2

0.111/0.461
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5.E Model parameters: response times

Table 5.E.1: Model parameters for the best-fitting model for RTs (n =
57).

Formula: RTs ∼ L1 (Italian vs. German) + violation type
(violation vs. non-violation) + L1 * condition (congru-
ent/cognate vs. congruent/non-cognate vs. incongruent/cognate
vs. incongruent/non-cognate) + target noun gender (feminine vs.
masculine) + (violation type|participant) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 854.22 [791.17, 917.26] 26.56 < 0.001
L1
[German]

-82.55 [-100.54, -64.56] -8.99 < 0.001

Violation type
[violation]

128.18 [93.91, 162.45] 7.33 < 0.001

Condition
[congruent/
non-cognate]

-2.05 [-47.75, 43.65] -0.088 0.930

Condition
[incongruent/
cognate]

105.64 [89.31, 121.98] 12.67 < 0.001

Condition
[incongruent/
non-cognate]

36.02 [25.36, 46.67] 6.62 < 0.001

Target noun
gender [m]

14.47 [-9.69, 38.63] 1.17 0.241

L1 [German] *
Condition
[congruent/
non-cognate]

0.297 [-49.29, 49.88] 0.012 0.991

L1 [German] *
Condition
[incongruent/
cognate]

-63.19 [-102.49, -23.89] -3.15 0.002

L1 [German] *
Condition
[incongruent/
non-cognate]

-27.28 [-71.27, 16.71] -1.22 0.224

Random effects
σ2 0.14
τ00Item 3966.19
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τ00Participant 8558.85
τ11Participant[non−violation] 5839.45
ρ01Participant -0.18
ICC 1.00
NParticipant 57
NItem 448

Observations 9,393
Marginal R2/
Conditional R2

0.359/1.00
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5.F EEG data: by-violation type mean

voltage amplitudes

Figure 5.F.1: Mean voltage amplitudes over time for each violation type
for each participant for channels Pz, P3, P4, P7 and P8 (n = 57). Mean
amplitudes for violation type are shown as thicker lines.
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5.G Model parameters: P600 compon-

ent

Table 5.G.1: Model parameters of the GAMM model for the effect of L1
and time on voltage amplitudes for channels Pz, P3, P4, P7 and P8
(n = 57). Estimated degrees of freedom (edf) provide a measure for the
complexity of the smooth terms. The edf parameters for our smooth terms
suggested that voltage amplitudes follow a highly non-linear tendency.

Formula: voltage amplitudes ∼ L1 * violation type + L1 * condition
+ channel + s(time, k = 20) + s(time, by = L1, k = 20) + s(time, by
= violation type, k = 20) + s(time, by = condition, k = 20) + s(time,
by = L1 * violation type, k = 20) + s(time, by = L1 * condition, k =
20) + s(time, by = channel, k = 20) + s(participant, time, bs = “re”)
+ s(participant, violation type, bs = “re”) + s(participant, condition,
bs = “re”) + s(participant, channel, bs = “re”) + s(participant, bs
= “re”) + s(item, time, bs = “re”) + s(item, bs = “re”)

Linear terms Estimate SE t-value p-value

(Intercept) 2.32 0.243 9.58 < 0.001
L1 [German] -0.541 0.301 -1.80 0.072
Violation type
[violation]

0.328 0.151 2.17 0.029

Condition
[congruent/
non-cognate]

0.044 0.171 0.255 0.798

Condition
[incongruent/
cognate]

0.003 0.171 0.018 0.985

Condition
[incongruent/
non-cognate]

0.083 0.181 0.460 0.645

Channel [P4] 0.490 0.176 2.78 0.005
Channel [P7] -2.18 0.176 -12.39 < 0.001
Channel [P8] -1.20 0.176 -6.81 < 0.001
Channel [Pz] 0.496 0.176 2.82 0.005
L1 [German] *
Violation type
[violation]

-0.044 0.214 -0.207 0.863

L1 [German] *
Condition
[congruent/
non-cognate]

0.039 0.220 0.176 0.860
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L1 [German] *
Condition
[incongruent/
cognate]

-0.016 0.220 -0.071 0.943

L1 [German] *
Condition
[incongruent/
non-cognate]

-0.152 0.250 -0.608 0.543

Non-linear
terms

edf Ref.df F-value p-value

s(Time) 17.97 18.00 3971.89 < 0.001
s(Time) * L1
[German]

18.89 18.99 653.49 < 0.001

s(Time) *
Violation type
[violation]

17.86 18.77 636.46 < 0.001

s(Time) *
Condition
[congruent/
non-cognate]

17.51 18.66 25.98 < 0.001

s(Time) *
Condition
[incongruent/
cognate]

17.73 18.74 27.93 < 0.001

s(Time) *
Condition
[incongruent/
cognate]

17.98 18.76 25.37 < 0.001

s(Time) *
[German/
violation]

18.15 18.85 61.46 < 0.001

s(Time) *
[German/
incongruent/
non-cognate]

17.48 18.62 29.30 < 0.001

s(Time) *
Channel [P3]

18.88 19.00 249.47 < 0.001

s(Time) *
Channel [P4]

1.00 1.00 43.60 < 0.001

s(Time) *
Channel [P7]

18.98 19.00 2619.93 < 0.001

s(Time) *
Channel [P8]

18.98 19.00 1385.98 < 0.001

s(Time) *
Channel [Pz]

18.98 19.00 474.41 < 0.001
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s(Time,
Participant

54.98 55.00 16133637.33 < 0.001

s(Violation type,
Participant)

71.20 114.00 1476223.16 1.00

s(Condition,
Participant)

174.60 226.00 275408.80 1.00

s(Channel,
Participant)

252.74 284.00 1563283.21 1.00

s(Participant) 0.003 57.00 0.166 1.00
s(Time, Item) 437.67 441.00 77707.90 0.017
s(Item) 432.69 444.00 75336.34 0.217
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5.H P600 effect sizes: unscaled predict-

ed differences

Figure 5.H.1: Conditional plot of predicted difference in voltage amp-
litudes over time for violation vs. non-violations for channels Pz, P3,
P4, P7 and P8 across both groups (n = 57) on the original scale. The
dashed lines represent the standard error.
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5.I CLI effect sizes: unscaled predicted

differences

Figure 5.I.1: Conditional plot of predicted difference in voltage amp-
litudes over time for the CLI effects for channels Pz, P3, P4, P7 and
P8 across both groups (n = 57) on the original scale. The dashed lines
represent the standard error.
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CHAPTER 6

Does your native language matter? Neural

correlates of typological similarity in non-native

production

This article is published as: Von Grebmer Zu Wolfsthurn, S., Pablos,

L., & Schiller, N. O. (2022). Does your native language matter? Neural

correlates of typological similarity in non-native production. Lingue e

Linguaggio, 21(1), 143-169.

Abstract: Cross-linguistic influence (CLI) and typological sim-
ilarity are key features in multilingual language processing. Here,
we study whether CLI effects in language production are more pro-
nounced in typologically similar vs. dissimilar languages in late lan-
guage learners. In a picture-naming task, we manipulated gender
congruency and cognate status as indices for CLI in a group of
Italian learners of Spanish and a group of German learners of Span-
ish. Further, we explored modulations of P300 amplitudes indexing
inhibitory control. Behaviourally, we observed effects of CLI, but
not of typological similarity. At the neural level, P300 amplitudes
were modulated by CLI effects. However, we did not find evid-
ence for a typological similarity effect on P300 amplitudes. There-
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fore, our results suggest a limited role of typological similarity. This
study has crucial implications for non-native language production
mechanisms in light of the similarity between the native and the
non-native language.

Keywords: typological similarity, non-native production, cross-
linguistic influence, P300 ERP effect, late language learners

6.1 Introduction

Anecdotally, multilingual language learners sometimes describe
learning a particular language as “easy” because their native lan-
guage (L1) is “similar” to the non-native language they are ac-
quiring. Here, the term “multilinguals” describes individuals from
diverse linguistic backgrounds who have acquired two or more lan-
guages at varying proficiency levels (Cenoz, 2013). In turn, profi-
ciency refers to the extent to which language abilities match the
age-based standard in comparison to native speaker (Bedore et al.,
2012). Beyond anecdotal accounts, the notion of similarity between
the L1 and the non-native language refers to typological similar-
ity, i.e., the structural cross-linguistic similarities with respect to
lexico-semantics and morphosyntax (Foote, 2009; Rothman & Cab-
relli Amaro, 2010). For example, Italian and Spanish may be con-
sidered as more typologically similar than German and Spanish due
to more overlap in terms of morphosyntax and lexicon (Schepens
et al., 2012). The question of how much typological similarity af-
fects language processing is crucial because it directly addresses the
debate of the functional organisation of the L1 and a non-native
language in the multilingual brain (Costa, Heij & Navarrete, 2006;
Tolentino & Tokowicz, 2011; Zawiszewski & Laka, 2020).

At the root of so-called typological similarity effects are the
shared cognitive representations and neurocognitive resources of
the L1 and the non-native language (MacWhinney, 2005). Several
neuroimaging and electroencephalographic (EEG) studies on highly
proficient speakers suggest that more neurocognitive resources are
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shared across the L1 and the non-native language for typologic-
ally similar linguistic features compared to typologically less similar
features (De Diego Balaguer, Sebastián-Gallés, Dı́az & Rodŕıguez-
Fornells, 2005; Jeong et al., 2007). In turn, these shared representa-
tions are linked to language co-activation and cross-linguistic influ-
ence, hereafter CLI (Lago et al., 2021; Nozari & Pinet, 2020). CLI
refers to the bi-directional influence of the L1 and the non-native
language on the underlying processing mechanisms. Moreover, CLI
effects are found for different ages of acquisition (AoA) and may
be larger and more pronounced at lower non-native proficiency
levels (Heidlmayr et al., 2021; MacWhinney, 2005; Ringbom, 1987).
Connected to typological similarity, research also suggests a link
between high typological similarity and increased CLI (Cenoz, 2001;
Costa, Heij & Navarrete, 2006; Yamasaki et al., 2018). Relevant
for the purpose of our study, CLI was found to significantly im-
pact non-native production (Lemhöfer et al., 2008; Paolieri et al.,
2019). Multilinguals are said to recruit a language control network
to manage language co-activation and CLI, in order to select the
appropriate target language and obtain successful communication
(D. W. Green, 1998; Stocco et al., 2014). A prominent theoret-
ical framework for language control is the Inhibitory Control (IC)
model (D. W. Green, 1998), which postulates the suppression of
the non-target language prior to any linguistic output. Further,
some evidence also suggests that language control forms part of
domain-general cognitive control (Declerck et al., 2021) paramount
to everyday functioning.

6.2 Background

A crucial question at this point is the following: do typologic-
ally similar languages bear a processing advantage over typologic-
ally less similar languages, or does typological similarity between
languages result in a processing disadvantage instead? The relevant
literature remains inconclusive with respect to this particular ques-
tion, as will be discussed below. The Conditional Routing Model
(CRM) by Stocco et al. (2014) proposes that increased CLI for ty-
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pologically similar languages effectively trains and strengthens the
control network throughout development (Yamasaki et al., 2018).
This implies that speakers of typologically similar languages de-
velop overall superior cognitive control skills to mitigate CLI ef-
fects and therefore have an advantage over speakers of typologic-
ally less similar languages (Declerck, Koch, Duñabeitia, Grainger &
Stephan, 2019; Yamasaki et al., 2018; Zawiszewski & Laka, 2020). In
this study, we used this theoretical framework to generate testable
predictions about the role of typological similarity in non-native
production. Participants were late learners and speakers of lan-
guages with differing degrees of typological similarity. We defined
late learners as speakers who have acquired Spanish at a later age
(AoA > 14 years), and who have not yet reached high proficiency
levels. We tested Italian-Spanish speakers for the typologically sim-
ilar language pair, and German-Spanish speakers for the typologic-
ally less similar language pair. To directly probe the influence of
typological similarity on non-native production, we examined its
effects on two features shown to be prone to CLI from a behavioural
and neural perspective: grammatical gender (hereafter gender) and
cognates. Both of these CLI effects offer a unique window into the
mechanisms of non-native production in light of differing degrees
of typological similarity. According to the CRM, we should find
that Italian-Spanish speakers show overall smaller CLI effects com-
pared to the German-Spanish speakers as a function of increased
training in mitigating CLI effects over time. This would imply that
speakers of typologically similar languages indeed bear a processing
advantage over speakers of typologically less similar languages.

The first CLI effect we explored in this study was the gender
congruency effect. It was previously proposed to reflect CLI of the
gender systems (Costa et al., 2003; Lemhöfer et al., 2008). Relevant
to this study, Italian and Spanish both feature a feminine and mas-
culine gender value, marked by la and il in Italian, and la and el in
Spanish, respectively. In contrast, German has a three-way gender
system characterised by masculine, feminine and neuter marked by
der, die and das, respectively (Schiller & Caramazza, 2003). The
core feature of the gender congruency effect is that congruent items,
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i.e., items belonging to the same nominal gender category across
languages (e.g., dieF KerzeF– laF velaF [the candle] in German
and Spanish), are processed more accurately and faster compared
to incongruent items, i.e., items mismatching in gender categor-
ies across languages (e.g., derM SchlüsselM – laF llaveF [the key]
in German and Spanish)1. To this date, few studies have investig-
ated the effect of typological similarity on gender processing in lan-
guage production. Further, those who have studied it have in many
cases looked at highly proficient speakers, and have not always ob-
tained consistent results. For example, a study by Paolieri et al.
(2019) explored the gender congruency effect in a translation task
in highly proficient Italian-Spanish (typologically similar pair) and
Russian-Spanish (typologically dissimilar pair) speakers. Results re-
vealed a gender congruency effect in both groups, but the effect
was more consistently found in the Italian-Spanish group than in
the Russian-Spanish group. This finding suggested that typological
similarity facilitated gender processing in Italian-Spanish speakers
compared to Russian-Spanish speakers, in line with the CRM ac-
count (Stocco et al., 2014). By contrast, Costa et al. (2003) conduc-
ted a picture-naming study with highly proficient Spanish-Catalan,
Catalan-Spanish, Italian-French and Croatian-Italian speakers to
study the gender congruency effect. The authors found no evidence
for a gender congruency effect, and therefore argued that typolo-
gical similarity may not play a role in non-native production (see
also Costa et al., 2006). This evidence therefore suggests a limited
effect of typological similarity on non-native production, in contrast
to the CRM account.

The second CLI effect examined in the context of typological
similarity was the cognate facilitation effect. It reflects CLI of or-
thographic and phonological systems (Lemhöfer et al., 2008; Peeters
et al., 2013). Cognates, i.e., items with a large semantic, phonolo-
gical and orthographic form overlap across languages (e.g., Tomate

1Note that we are not assuming that gender values are conceptually identical
across languages. However, as a result from explicit instructions in language
courses, learners may perceive some gender values as sufficiently similar to
each other.
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– tomate [tomato] in German and Spanish), were found to be pro-
cessed faster and more accurately compared to non-cognates (e.g.,
Erdbeere – fresa [strawberry]). Italian and Spanish share a larger
amount of cognates compared to German-Spanish (Schepens et al.,
2012). In turn, this suggests a strong structural overlap for the ty-
pologically similar Italian-Spanish pair. Therefore, the cognate fa-
cilitation effect per se provisionally suggests a processing advantage
for orthographically similar and form-related structures compared
to more less similar structures. To the authors’ knowledge, no study
has previously directly investigated the role of typological similarity
in cognate production.

In sum, current evidence suggests first, a processing advantage
for typologically similar structures (e.g., gender congruent items
and cognates) compared to typologically dissimilar structures (e.g.,
gender incongruent items and non-cognates). Second, studies on
the gender congruency effect suggest a tentative trend towards a
production advantage for typologically similar languages compared
to typologically less similar languages in highly proficient speakers,
supporting the CRM (Stocco et al., 2014). However, in light of the
conflicting results with respect to the gender congruency effect and
typological similarity and the lack of direct evidence on the role
of typological similarity on cognate production, we systematically
explored typological similarity effects on both gender and cognate
processing in this EEG study.

EEG and event-related potentials (ERPs) are critical tools in
examining the temporal unfolding of the cognitive mechanisms un-
derlying multilingual language processing (D. W. Green & Kroll,
2019). In this study, we probed the neural correlates of the typo-
logical similarity effect by focusing on the P300 component. This
ERP component was previously linked to more general cognitive
mechanisms such as inhibitory control, working memory and alloc-
ation of attentional resources in control network paradigms, such
as language switching or the Flanker task (Declerck et al., 2021;
González Alonso et al., 2020; Polich, 2007). In light of its functional
involvement in control network processes, and because non-native
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production heavily relies both on the successful mitigation of CLI
effects and on language control to inhibit the non-target language
prior to articulation, the P300 component is the most relevant ERP
component for our study. We predicted the P300 component to be
an index of CLI effect mitigation where any differences in P300
amplitudes across groups could reflect a typological similarity ef-
fect. To the authors’ knowledge, only the study by Von Grebmer
Zu Wolfsthurn et al. (2021b) reported a P300 effect in an overt
non-native picture-naming task. The present study is the first ERP
study exploring whether typological similarity effects and CLI ef-
fects are detectable at the neural level in the form of distinct P300
correlates in non-native production.

The aim of this study was twofold: first, we systematically stud-
ied the gender congruency effect and the cognate facilitation effect
in non-native language production in late learners with intermedi-
ate proficiency levels. Secondly, and more importantly, we investig-
ated the effect of typological similarity on CLI in two language pairs
with differing degrees of typological similarity: Italian-Spanish and
German-Spanish. The research question investigated in this study
was the following: does typological similarity have an impact on the
potential effects of gender congruency and cognate status in non-
native language production? In this, we employed an overt picture-
naming task where participants named pictures in the non-native
language Spanish using determiner + noun constructions, e.g., la
llave [the key]. This was done to ensure the processing of grammat-
ical gender since the correct determiner had to be produced along-
side the noun (Schiller & Caramazza, 2003). During this task, we
measured naming accuracy, naming latencies and P300 amplitudes.

6.2.1 Hypotheses

Hypotheses for behavioural data

We predicted higher accuracy and faster naming latencies for
congruent and cognate items compared to incongruent and non-
cognate items as an index of CLI. Next, and in line with the CRM
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(Stocco et al., 2014), we predicted a non-native production advant-
age for the Italian-Spanish group compared to the German-Spanish
group, reflected in overall higher accuracy and naming latencies. Fi-
nally, we predicted CLI effects to vary as a function of typological
similarity, i.e., smaller CLI effects for the Italian-Spanish group
compared to the German-Spanish group.

Hypotheses for ERP data

We first hypothesised P300 amplitudes to be modulated by
gender congruency and cognate status. Specifically, we predicted
less positive P300 amplitudes for congruent and cognate items com-
pared to incongruent and non-cognate items. Second, as a reflection
of a typological similarity effect and in line with the CRM (Stocco et
al., 2014), we expected a production advantage for the typologically
similar over the typologically less similar languages. Accordingly,
we predicted different neural signatures of CLI between groups in
the form of overall smaller P300 amplitudes for the Italian-Spanish
group compared to the German-Spanish group.

6.3 Methods

6.3.1 Participants

The Italian-Spanish group included 33 participants (24 females)
with M = 27.12 years of age (SD = 4.08), recruited from the Uni-
versitat Pompeu Fabra (Barcelona, Spain). The German-Spanish
group consisted of 33 participants (27 females) with M = 23.06
years of age (SD = 2.47) recruited from the University of Kon-
stanz (Germany). To avoid confounding effects by proficiency, we
restricted our participant selection to late learners with intermedi-
ate proficiency levels in the B1/B2 range according to the Common
European Framework of Reference for Languages, CEFR (Council
of Europe, 2001). Note that the majority of participants were re-
cruited from Spanish language courses specifically aimed at B1/B2
proficiency levels. Further eligibility criteria for this study were the
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following: right-handedness, no additional language learnt before
the age of five, AoA of Spanish from fourteen years onwards, no
language, reading, vision or hearing impairments and no psycholo-
gical or neurological issues at the time of testing. Finally, the age
limit was between 18 and 35 years. Given that the Italian-Spanish
speakers were tested in Spain and the German-Spanish speakers
were tested in their native language environment, we balanced any
potential differences in immersion by imposing additional inclusion
criteria for the Italian-Spanish group. These extra criteria were to
only accept those individuals who had started learning Spanish
shortly before or upon their arrival to Barcelona and those who
had been living in a Spanish-speaking country for less than one
year that conformed to B1/B2 proficiency levels.

Linguistic profile

Participants’ linguistic profile including self-reported proficiency
and experience with Spanish from the LEAP-Q is summarised in
Table 6.3.1. The Italian-Spanish group spent on average 0.46 years
(SD = 0.343) in a Spanish-speaking country. This compares to an
average of 0.96 years (SD = 0.690) for the German-Spanish group.
In the Italian-Spanish group, thirteen participants reported Span-
ish as their strongest language after Italian, fourteen participants
as their second, five participants as their third, and one participant
as their fourth strongest. Of the German-Spanish group, four par-
ticipants stated that Spanish was the strongest language after Ger-
man, twenty-six participants as their second, and three as their
third strongest. The proficiency measures were rated on a ten-point
scale, ten corresponding to being maximally proficient. The lin-
guistic profiles for both groups were therefore highly comparable.
See Appendix 6.A for an overview of the languages acquired by
the Italian-Spanish speakers, and Appendix 6.B for the German-
Spanish speakers.
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Table 6.3.1: Linguistic profile of participants’ Spanish proficiency and
experience from the LEAP-Q for the Italian-Spanish group (N = 33)
and the German-Spanish group (N = 33). The self-reported proficiency
measures are highlighted in bold.

Native language Italian German

Mean AoA (years) 23.93 (SD = 5.07) 16.29 (SD = 2.39)
Mean fluency age
(years)

24.88 (SD = 4.48) 18.53 (SD = 2.29)

Mean reading onset
age (years)

24.36 (SD = 4.91) 17.27 (SD = 3.03)

Mean reading
fluency age (years)

24.24 (SD = 4.82) 18.42 (SD = 2.62)

Exposure (%) 40 (SD = 18.37) 10 (SD = 9.48)
Speaking
proficiency

6.09 (SD = 1.76) 6.76 (SD = 1.00)

Comprehension
proficiency

7.26 (SD = 1.67) 7.34 (SD = 0.92)

Reading
proficiency

7.36 (SD = 1.48) 7.18 (SD = 1.07)

6.3.2 Materials and design

Prior to the experimental session, participants completed the
LEAP-Q background questionnaire which provides information re-
garding language proficiency and language experience from mul-
tilinguals (Marian et al., 2007). During the experimental session,
participants were first presented with the LexTALE-Esp2 (Izura
et al., 2014), a lexical decision task to measure vocabulary size in
Spanish, followed by the picture-naming task. Both these tasks were
programmed in E-prime2 (Schneider et al., 2002).

Stimuli

Picture-naming task. We followed an identical stimulus se-
lection procedure for both groups. We selected the picture stimuli
from the MultiPic database (Duñabeitia et al., 2018). We chose

2For our study, we transformed the LexTALE-Esp version by Izura et al.
(2014) into an E-prime equivalent using the same instructions and stimuli
words.
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those stimuli with the largest proportion of valid and correct re-
sponses during the validation phase from the database. We selected
96 stimuli pictures for each group. There were 24 stimuli pictures for
each one of the four conditions: congruent cognates, congruent non-
cognates, incongruent cognates, and incongruent non-cognates, see
Table 6.3.2 and Table 6.3.3 for examples for each group. Identical
cognates (e.g., das Taxi - el taxi for German and il taxi - el taxi
for Italian [the taxi]) were not included in our sample; neither were
items with biological gender (e.g., il judice - el juez [the judge], der
Sänger - el cantante [the singer]), English loanwords (e.g., el boom-
erang [the boomerang]), or gender-ambiguous nouns (la mar/el
mar [the sea]). The classification of cognates as such was based
on semantic, orthographic and phonological overlap. To increase
the validity of our study, we modelled the distribution of terminal
phonemes of the Spanish stimuli after work by Clegg (2011), for
example, approximately 30% of the stimuli nouns ended in [a] and
10% of nouns in [e]. Nevertheless, terminal phoneme was included
as a covariate in the statistical analyses (see section 6.4.2).

Table 6.3.2: Example noun phrase stimuli for each condition for the
Italian-Spanish group.

Condition Noun
phrase

Italian
translation

English
translation

congruent/
cognate

laF llaveF laF chiaveF the key

congruent/
non-cognate

laF fresaF laF fragolaF the strawberry

incongruent/
cognate

elM bolsoM laF borsaF the handbag

incongruent/
non-cognate

elM caracolM laF lumacaF the slug
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Table 6.3.3: Example noun phrase stimuli for each condition for the
German-Spanish group.

Condition Noun
phrase

German
translation

English
translation

congruent/
cognate

laF jirafaF dieF GiraffeF the giraffe

congruent/
non-cognate

laF peraF dieF BirneF the pear

incongruent/
cognate

elM melónM dieF MeloneF the melon

incongruent/
non-cognate

elM tenedorM dieF GabelF the fork

EEG recordings

Italian-Spanish group. EEG data were collected via 32 act-
ive electrodes using the BrainVision Recorder software (Version
1.10) by BrainProducts using a standard 10/20 montage with a
500 Hz sampling rate. We recorded the vertical electrooculogram
(VEOG) from an additional facial electrode placed underneath the
participant’s left eye (FT9), and the horizontal electrooculogram
(HEOG) from one electrode at the outer canthus of the left eye
(FT10). The original reference electrode was FCz. The ground elec-
trode was placed on the right cheek of the participant. Electrodes
were configured via the BrainVision Recorder software to ensure
optimal conductivity. Impedances were kept below 10 kΩ.

German-Spanish group. EEG data were collected from 32
passive electrode locations via the BrainVision Recorder software
(Version 1.23.0001) at a sampling rate of 500 Hz. We used the stand-
ard 10/20 montage with an EasyCap electrode cap. The HEOG was
measured from two electrodes at the outer canthus of the left and
right eye. The VEOG was recorded using an electrode underneath
the left eye. The ground electrode was placed on the right cheek of
the participant. Electrodes were initially referenced to the Cz elec-
trode. Impedances of the electrodes were checked and configured
using actiCAP ControlSoftware (Version 1.2.5.3). We kept imped-
ances below 5 kΩ. for the reference and ground electrode. For the
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remaining channels, impedances were below 10 kΩ.

6.3.3 Procedure

Complying with the ethics code for linguistic research in the
Faculty of Humanities at Leiden University, participants signed an
informed consent form prior and after participation. Further, they
were given an information sheet prior to the experiment and a writ-
ten and oral debrief upon termination of the experiment in their
respective L1. Participants received a monetary reimbursement for
their participation. The procedure for both the Italian-Spanish and
the German-Spanish group was identical, with the difference that
for the former group oral instructions were provided in Italian, and
for the latter in German by a native speaker.

LexTALE-Esp

For the LexTALE-Esp, instructions were provided in black font
on a white screen. Next, a fixation cross was displayed for 1,000
ms. Then, a letter string corresponding to either a Spanish word
or a pseudoword was displayed in the centre of the screen. Parti-
cipants were asked to make a lexical decision via a button press
about whether or not the string was a Spanish word. The letter
string remained on the screen until the participant’s response. The
original stimuli from Izura et al. (2014) consisted of 60 words and 30
pseudowords. For both the Italian-Spanish and the German-Spanish
group, three stimuli were eliminated from the stimuli list before the
experiment due to overlap with the picture stimuli. Therefore, the
total number of trials was 87 for both groups. Each letter string
was only shown once, and trial order was randomised for each par-
ticipant. Offline, we computed LexTALE-Esp vocabulary size scores
by subtracting the percentage of incorrectly identified pseudowords
from the correctly identified words (Izura et al., 2014). LexTALE-
Esp scores were subsequently included as a covariate in our statist-
ical analyses (see section 6.4.2).
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Picture-naming task

For the picture-naming task, we manipulated gender congru-
ency and cognate status in a 2 x 2 fully factorial within-subjects
design. Half of the stimuli were congruent items, whereas the other
half were incongruent items. Half of the congruent and incongru-
ent items were cognates, respectively, whereas the other half were
noncognates. We divided the task into a familiarisation phase and
an experimental phase, during which we recorded the EEG signal.
The familiarisation phase consisted of three rounds. In each round,
participants were shown each picture and had to overtly produce
the corresponding noun together with the correct definite determ-
iner (e.g., la llave [the key]). If either the noun or the determiner,
or both, were incorrect, the experimenter provided oral feedback to
the participant to ensure the participants’ familiarity with each pic-
ture. The total number of trials in the familiarisation phase was 288.
In the experimental phase, a trial was initiated by a black fixation
cross on a white screen, which was displayed for 1,000 ms. Next, a
picture appeared on the screen for 2,700 ms (Figure 6.3.1). Parti-
cipants were instructed to overtly name each picture on the screen
as fast and accurately as possible. They were explicitly encouraged
to minimise all movements during the experiment. Each picture was
shown once in a unique trial order during the experimental phase,
resulting in a total of 96 trials. There were two self-paced breaks to
restore participants’ engagement with the task.

6.4 Results

6.4.1 Behavioural data exclusion

Data for one participant of the German-Spanish group were lost
due to a recording failure. For naming latencies, we included only
correct trials in the analysis. Moreover, the behavioural analyses
consisted of the identical data sets as the EEG analysis (see sec-
tion 4.4 for details on EEG data exclusion). Therefore, we included
a total of 28 participants from the Italian-Spanish group and 30
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Figure 6.3.1: Trial sequence for the picture-naming task.

+ 1000 ms

2700 ms

1000 ms

2700 ms

+

participants from the German-Spanish group in the behavioural
analyses (n = 58).

6.4.2 Behavioural data analysis

We calculated naming accuracy and naming latencies in Praat
(Broersma & Weenink, 2019). We pooled the behavioural data for
both groups to probe modulatory effects of CLI and typological sim-
ilarity on naming accuracy and naming latencies across the Italian-
Spanish speakers and the German-Spanish speakers. We employed
a single-trial linear mixed effects modelling (LMM) approach using
the lme4 package (Bates et al., 2020) in RStudio (Team, 2020).
To model naming accuracy, we used a generalised linear mixed ef-
fect model (GLMM) with a binomial distribution using the glmer()
function. For our positively skewed naming latencies, we used a
GLMM with a gamma distribution and the identify link function
with the glmer() function (Lo & Andrews, 2015). See Appendix
6.C for details about the included interaction effects and the model
fitting procedure, which is also described in Von Grebmer Zu Wolf-
sthurn et al. (2021b). Our fixed effects structure consisted of the
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following: typological similarity (typologically similar vs. typologic-
ally dissimilar), gender congruency (congruent vs. incongruent) and
cognate status (cognate vs. non-cognate). Moreover, we controlled
for the covariates LexTALE-Esp score, familiarisation phase per-
formance, target noun gender, word length, order of acquisition of
Spanish and terminal phoneme of the target word in both ana-
lyses3. Finally, our random effects structure included subject and
item (i.e., the individual picture) as well as random slopes for our
main manipulations.

6.4.3 Behavioural data results

We first computed descriptive statistics for the remaining par-
ticipants of each group. See Table 6.4.1 for descriptives for naming
accuracy, reported as percentages, and for naming latencies repor-
ted in ms. Mean LexTALE-Esp scores were M = 25.92 (SD = 13.69,
range between -7.37 and 49.30) for the Italian-Spanish group, and
M = 18.45 (SD = 20.52, range between -23.16 and 60.18) for the
German-Spanish group. Scores above 60 were previously linked to
C1/C2 levels, thereby confirming the B1/B2 range of our parti-
cipants (Lemhöfer & Broersma, 2012). A two-sample t-test yielded
no statistical difference in LexTALE-Esp scores between the two
groups with t(50.83) = 1.64, 95% CI [1.68, 16.60], p = 0.101. Nev-
ertheless, we included LexTALE-Esp scores as a covariate in our
analysis. Further, we plotted naming accuracy for both groups in
Figure 6.4.1 and naming latencies in Figure 6.4.2.

Naming accuracy. The model of best fit included both gender
congruency and cognate status as main effects. Participants were
more accurate for congruent items compared to incongruent items
(β = 0.728, 95% CI [0.542, 0.978], z = -2.11, p = 0.035). Fur-
ther, participants were more accurate for cognates compared to
non-cognates (β = 0.696, 95% CI [0.519, 0.934], z = -2.41, p =

3Note that in Von Grebmer Zu Wolfsthurn et al. (2021b) acquisition of
French was also considered as a potential covariate; however, no significant
effect on our outcome variables was found. We therefore did not include ac-
quisition of French in the current analyses.
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0.016). The model also included familiarisation phase performance
as a covariate, and subject and item as random effects. Typological
similarity did not significantly improve the model fit with χ2(1, n
= 58) = 0.235, p = 0.125 and was therefore not included in the
final model. The best-fitting model was the following: naming ac-
curacy ∼ gender congruency (congruent vs. incongruent) + cognate
status (cognate vs. non-cognate) + familiarisation phase perform-
ance (zero correct vs. one correct vs. two correct vs. three correct)
+ (1|subject) + (1|item). See Appendix 6.D and Figure 6.4.1.
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Figure 6.4.1: By-condition naming accuracy (%) for each group. The
significance brackets reflect the statistical difference in accuracy between
congruent and incongruent items and between cognate and non-cognate
items, with higher accuracy rates for congruent and cognate items, as
well as for the German-Spanish group (n = 30) compared to the Italian-
Spanish group (n = 28).
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Naming latencies. For naming latencies, the model of best
fit included main effects for gender congruency and cognate status.
Participants were faster at naming congruent compared to incon-
gruent items, and cognate compared to non-cognate items with β
= 0.064, 95% CI [0.019, 0.108], t = 2.82, p = 0.005 and β = 0.046,
95% CI [0.005, 0.087], t = 2.18, p = 0.029, respectively. We in-
cluded familiarisation phase performance as a covariate, however,
we found no evidence that typological similarity contributed to a
better model fit. Similarly, the other covariates did not improve the
model fit or led to non-convergence and were therefore excluded
from the model. Furthermore, we included a by-subject random
slope for the correlated effects of gender congruency and cognate
status as well as item as random effect. The final model was there-
fore the following: naming latency ∼ gender congruency (congru-
ent vs. incongruent) + cognate status (cognate vs. non-cognate)
+ familiarisation phase performance (zero correct vs. one correct
vs. two correct vs. three correct) + (gender congruency + cognate
status|subject) + (1|item), see Appendix 6.E and Figure 6.4.2 for
details. Taken together, we found no behavioural evidence that ty-
pological similarity modulated naming accuracy or naming laten-
cies across the two groups.
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Figure 6.4.2: By-condition naming latencies (ms) for each the Italian-
Spanish group (n = 28) and the German-Spanish group (n = 30). The
significance brackets reflect the statistical difference in accuracy between
congruent and incongruent items and between cognate and non-cognate
items, with faster naming latencies for congruent and cognate items.
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6.4.4 EEG data exclusion

Upon completion of pre-processing of our EEG data, we determ-
ined a set of identical inclusion criteria for both groups: first, we
only modelled the EEG signal for correct trials, i.e., trials where
participants provided the correct noun phrase in the experimental
phase (Christoffels et al., 2007). Secondly, we only included trials
which were not contaminated by artefacts. Finally, we did not in-
clude participants with heavily contaminated datasets, i.e., > 40%
of trials lost due to artefacts. The resulting threshold for inclusion
was a remainder of at least 60% of trials at the end of pre-processing
and the application of the inclusion criteria. Following these cri-
teria, we excluded five EEG datasets from the Italian-Spanish group
and two EEG datasets from the German-Spanish group. The cor-
responding behavioural data were also excluded from the behavi-
oural analysis. This amounted to 28 Italian-Spanish datasets and
30 German-Spanish datasets for further statistical analyses (n =
58).

6.4.5 EEG data pre-processing

Prior to any statistical analyses, we performed a vigorous pre-
processing procedure to separate the task-related EEG signal from
articulatory artefacts frequently found in production paradigms
(Ganushchak, Christoffels & Schiller, 2011). We followed a largely
identical procedure for both groups. Note that as stated above, the
recording parameters differed between the two groups. The EEG
data were analysed in BrainVision Analyser V2.2. First, we re-
referenced all of our data channels to the average of the mastoid
channels, TP9 and TP10. For the Italian-Spanish group, the original
reference channel FCz was reused as a data channel, adding to a
new total of 29 data channels. FT9 and FT10 were used as VEOG
and HEOG, respectively. For the German-Spanish group, we reused
the reference Cz channel as a data channel, amounting to a total of
31 data channels. For this group, we performed linear derivation on
the two HEOG channels to form a single HEOG channel. For both
groups, we subsequently applied a high-pass filter of 0.1 Hz, and
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a low-pass filter of 30 Hz. We interpolated channels where appro-
priate. We then performed residual drift detection on our HEOG
and VEOG channels in order to improve the precision of the sub-
sequent blink correction using ocular ICA. Next, we performed arte-
fact rejection on all data channels. After increasing the signal-to-
noise ratio by means of pre-processing, we segmented our data at
200 ms prior and 1,200 ms after picture onset. Segments which in-
cluded artefacts were excluded in this process. After segmentation,
we applied a baseline correction using the 200 ms interval prior to
picture onset. Finally, we exported all voltage amplitudes for all
segments, channels and participants in order to perform single-trial
LMM in RStudio (R Core Team, 2020). This method was recently
introduced as powerful alternative to the more traditional grand-
averaging of EEG data because it captures both by-subject and by-
item individual variance and correlations between individual data
points while preserving statistical power (Frömer et al., 2018).

6.4.6 EEG data analysis

Next, we tentatively explored our EEG data via a permuta-
tion analysis to visualise potential effects of condition on voltage
amplitudes. First, we divided our 29 data electrodes for the Italian-
Spanish group (Fp1, Fp2, Fz, F3, F4, F7, F8, FCz, FC1, FC2, FC5,
FC6, Cz, C3, C4, T7, T8, CP1, CP2, CP5, CP6, Pz, P3, P7, P4,
P8, Oz, O1 and O2) and the 31 electrodes for our German-Spanish
group (Fp1, Fp2, AFz, Fz, F3, F4, F7, F8, FCz, FC3, FC4, FT7,
FT8, Cz, CPz, CP3, CP4, C3, C4, T7, T8, TP7, TP8, Pz, P3,
P4, P7, P8, Oz, O1 and O2) into nine topographic areas: anterior,
central and posterior, in turn divided into left, midline and right
sections. Next, we used the permu.test() function from the per-
mutes package (Voeten, 2019) for a permutation analysis on each
group. See Figure 6.4.3 for the outcome of the permutation test
for the Italian-Spanish group, and Figure 6.4.4 for the German-
Spanish group. In both figures, darker colours correspond to higher
F-values indicating potential differences in voltage between condi-
tions, whereas lighter colours correspond to lower F-values following
an F-distribution under the null hypothesis that there are no dif-
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ferences by condition (Maris & Oostenveld, 2007; Voeten, 2019).
For the Italian-Spanish group, the output from the permutation
analysis showed that a potential region of interest was clustered in
centro-parietal regions around the following eight electrodes: Pz,
P3, P4, P7, P8, Oz, O1 and O2. Further, the permutation ana-
lysis suggested a time window of interest between 350 ms and 600
ms post-stimulus onset. On the other hand, the permutation test
for the German-Spanish group showed potentially significant effects
in centro-parietal regions at the following thirteen electrodes: CPz,
CP3, CP4, TP7, TP8, Pz, P3, P4, P7, P8, Oz, O1 and O2 in a
similar time window, around 350 ms to 600 ms post-stimulus onset.
Due to increasing articulatory artefacts in proximity to the articu-
latory onset, we deliberately set the upper time window threshold
to 600 ms post-stimulus onset to avoid signal contamination by
motor articulation.
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Figure 6.4.3: Permutation test outcome for the Italian-Spanish group
(n = 28). Larger F-values are shown in darker colours and denote an
increased likelihood for a statistically relevant effect of our manipulations
on voltage amplitudes.
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Figure 6.4.4: Permutation test outcome for the German-Spanish group
(n = 30). Larger F-values are shown in darker colours and denote an
increased likelihood for a statistically relevant effect of our manipulations
on voltage amplitudes.

As a next step, we pooled our EEG data and proceeded to the
statistical analysis. On the basis of the previous literature and the
outcome of the permutation analysis, we selected centro-parietal
regions as our region of interest, and 350 ms to 600 ms as our time
window of interest. We only selected the eight electrodes which
were present in the montage of both groups: Pz, P3, P4, P7, P8,
Oz, O1 and O2. See Appendix 6.F for a visualisation of the re-
gion of interest for the group analysis. Mirroring the behavioural
data analysis, we modelled voltage amplitudes as a function of
gender congruency, cognate status and typological similarity in our
fixed effects structure using the lme4 package (Bates et al., 2020).
Moreover, we carefully controlled for potential confounding factors
such as hemisphere, LexTALE-Esp score, familiarisation phase per-



Does your native language matter? Neural correlates of
typological similarity in non-native production 257

formance, target noun gender, word length, order of acquisition and
terminal phoneme. Subject and item were defined as random effects
for the random effects structure and random slopes for our main
manipulations were included. Lastly, the final model was re-fitted
using the restricted maximum likelihood criteria (REML) for un-
biased estimates (Mardia et al., 1999).

6.4.7 EEG data results

Mean voltage amplitudes by condition for each group are sum-
marised in Table 6.4.2. Descriptively speaking, the Italian-Spanish
group yielded overall lower voltage amplitudes compared to the
German-Spanish group in our time window and region of interest.
Visual inspection of voltage amplitudes in Figure 6.4.5 showed a
positive oscillation followed immediately by a negative oscillation
shortly after stimulus onset, which reflected the classical P1/N2
complex linked to early visual processing (P. Chen et al., 2017).
In line with the outcomes of the permutation test, both groups
then showed a positive-going waveform across centro-parietal re-
gions between 350 ms and 600 ms after stimulus onset (indicated
by grey shading in Figure 6.4.5). This particular waveform in our
time window of interest, together with the topographic distribu-
tion of the channels, indicated a P300 component in both groups.
Voltage amplitudes peaked around 500 ms post-stimulus onset. Fi-
nally, they visibly dropped back to baseline and became increasingly
noisier closer to the articulatory onset around 700 ms.



258 From oscillations to language

Table 6.4.2: Mean voltage amplitudes (µV) by condition for centro-
parietal regions for the time window of interest (350 ms to 600 ms).

Native
language

Condition Mean (µV) SD

Italian

congruent/cognate 4.58 8.85

congruent/non-cognate 3.80 9.07

incongruent/cognate 4.57 8.23

incongruent/non-cognate 4.54 8.54

German

congruent/cognate 5.48 9.59

congruent/non-cognate 5.19 9.13

incongruent/cognate 5.39 9.53

incongruent/non-cognate 4.55 9.36

For voltage amplitudes, the model of best fit included gender
congruency and cognate status as main effects, as well as hemi-
sphere and familiarisation phase performance as covariates. Subject
and item were included as random effects, as well as correlated by-
subject random slopes for gender congruency and cognate status.
Therefore, the final model was the following: voltage amplitudes ∼
gender congruency (congruent vs. incongruent) + cognate status
(cognate vs. non-cognate) + hemisphere (left vs. midline vs. right)
+ familiarisation phase performance (zero correct vs. one correct
vs. two correct vs. three correct) + (gender congruency + cognate
status|subject) + (1|item). Voltage amplitudes were significantly
higher for cognates compared to non-cognates with β = -0.477, 95%
CI [-0.934, -0.021], t = -2.05, p = 0.040. In contrast, there was no
significant effect of gender congruency on voltage amplitudes with β
= 0.025, 95% CI [-0.479, 0.529], t = 0.097, p = 0.922 for congruent
compared to incongruent items. Despite a descriptive trend, typo-
logical similarity did not significantly improve the model fit, with
χ2(1, n = 58) = 1.31, p = 0.252 when comparing the model with
and without typological similarity in the fixed effects structure, see
Appendix 6.G and Figure 6.4.5 for further details. Therefore, mir-
roring the behavioural results, typological similarity did not appear
to influence electrophysiological measures of non-native production.
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Figure 6.4.5: By-condition voltage amplitudes (µV) for centro-parietal
regions for each group. The time window of interest (350 ms to 600
ms) is highlighted in light grey. Note that positive voltage amplitudes are
plotted downwards, and negative voltage amplitudes are plotted upwards.

6.5 Discussion

In this study, we investigated the effect of typological similar-
ity on CLI in non-native production in Italian learners of Span-
ish (typologically similar group) and German learners of Spanish
(typologically dissimilar group) with intermediate proficiency levels
(B1/B2). More specifically, we examined a processing advantage for
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the typologically similar group within the framework of the CRM
(Stocco et al., 2014) and explored how gender congruency, cognate
status and typological similarity modulated overt picture-naming
in intermediate learners of Spanish, e.g., when producing la llave
[the key]. We modelled naming accuracy and naming latencies, as
well as P300 voltage amplitudes. Outcomes of this study have cru-
cial implications for non-native language processing, as well as the
functional organisation of languages with respect to typological sim-
ilarity.

Behaviourally, we expected more accurate and faster processing
of congruent and cognate items compared to incongruent and non-
cognate items. In addition, we predicted the typologically sim-
ilar Italian-Spanish group to show an overall production advantage
compared to the typologically dissimilar German-Spanish group in
terms of naming accuracy and naming latencies. Finally, we pre-
dicted CLI effects to vary between our two groups. Our results par-
tially supported our hypotheses. Participants were faster and more
accurate at naming congruent compared to incongruent items and
at naming cognates compared to non-cognates, displaying both the
classical gender congruency effect (Paolieri et al., 2019) and the cog-
nate facilitation effect (Lemhöfer et al., 2008). However, we found
no main effect of typological similarity nor an interaction effect,
indicating that the mitigation of CLI effects was equally successful
in both groups. This is in line with previous studies (Costa, Heij &
Navarrete, 2006; Costa et al., 2003).

From a theoretical point of view, our behavioural results show-
ing more accurate and faster processing of congruent and cognate
items indicated first that we found evidence for a sensitivity of late
learners to both gender congruency and cognate status. Secondly,
these results suggest that both groups experience comparable levels
of CLI, as reflected by similar behavioural performances. One pos-
sible interpretation is that at intermediate proficiency levels, the
facilitatory effects (when processing congruent items and cognates)
and the hampering effects (when processing incongruent items and
non-cognates) are balanced across the two groups. At this stage
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of learning, the overall similarity between the respective native lan-
guages and Spanish showed little influence on multilingual language
production. Therefore, our behavioural results do not support the
predictions of the CRM by Stocco et al. (2014). Based on these res-
ults, we postulate that gender congruency and cognate status are
the main modulating factors of non-native production in this study
and that typological similarity plays a limited role at intermediate
proficiency levels. However, to obtain a more comprehensive inter-
pretation of these data, we integrated the behavioural findings with
the EEG findings.

At the neural level, we originally predicted a modulation of
the P300 component as a function of gender congruency and cog-
nate status. Moreover, we expected smaller P300 amplitudes for the
Italian-Spanish group compared to the German-Spanish group to
reflect an effect of typological similarity. The first critical finding was
that the EEG signal in our time window and region of interest was
consistent with a P300 component in both the Italian-Spanish and
the German-Spanish group, although this P300 showed a delayed
voltage peak compared to previous research (Polich, 2007). These
results mirror Von Grebmer Zu Wolfsthurn et al. (2021b). As pre-
viously discussed, the P300 has been typically linked to conflict
monitoring, cognitive control and interference, and more recently
to attentional resources and working memory (González Alonso et
al., 2020; Polich, 2007). On the basis of our findings, we argue that
the P300 may be a critical index for cognitive control in the non-
native production process because to succeed at this task, speakers
need to mitigate language co-activation and CLI effects. This im-
plies a strong element of cognitive control in non-native production
for speakers at intermediate proficiency levels.

The second critical finding in line with our hypotheses was the
modulation of the P300 voltage amplitudes by CLI of cognates: they
elicited larger P300 voltage amplitudes compared to non-cognates.
The notion of larger voltage amplitudes for cognates was found in
previous work (Christoffels et al., 2007; Strijkers et al., 2010), but
studies also reported the opposite pattern (Peeters et al., 2013).
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Here, we argue that the difference in voltage amplitudes for cog-
nates compared to non-cognates is reflective of the mitigatory pro-
cesses to manage CLI, and that the P300 modulation may be a
critical marker of the processes underlying CLI. The third import-
ant finding was that we found no evidence that gender congruency
significantly modulated P300 voltage amplitudes. Therefore, our
data suggest that cognate status is the more salient modulating
feature during non-native production at the neural level.

Finally, we found no evidence for distinct neural signatures
across the Italian-Spanish and the German-Spanish group: we did
not find an interaction effect between typological similarity and
the two CLI effects we tested that could indicate different CLI ef-
fects across groups. Statistically speaking, voltage amplitudes were
comparable for both groups. Therefore, our ERP results suggest a
limited effect of typological similarity on CLI effects and non-native
production as a whole (Costa, Heij & Navarrete, 2006; Costa et al.,
2003). This finding speaks directly to the theoretical framework
regarding the directionality of the typological similarity effect in
that it does not support an advantage of typologically similar lan-
guages (Stocco et al., 2014). These ERP findings are contrary to
what we hypothesised, but are in line with the behavioural results
we obtained. The question here is whether there could be another
modulating factor at play that is potentially more powerful than
typological similarity effects.

As discussed in the introduction, Costa et al. (2003) did not
find evidence for an effect of typological similarity in groups of
highly proficient Spanish-Catalan, Catalan-Spanish, Italian-French
and Croatian-Italian speakers. This is in line with our findings. Sim-
ilar results were found in a later study by Costa, Heij and Navarrete
(2006) with highly proficient speakers, which also did not show evid-
ence for typological similarity effect in a bilingual picture-naming
task in Spanish-Catalan (typologically similar) and Spanish-Basque
(typologically dissimilar) speakers. One possible interpretation of
our findings is embedded within the context of proficiency, which is
a key feature in mitigating CLI and language control (D. W. Green,
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1998). More specifically, the IC model (D. W. Green, 1998) proposes
similar language control mechanisms for the L1 and the non-native
language when proficiency levels are highly similar. The speakers
in our study were intermediate speakers of Spanish, implying that
typological similarity effects on non-native production were limited
when the difference in proficiency between the L1 and the non-
native language was modest. Nevertheless, this does not exclude
the possibility that typological similarity effects could increase with
decreased non-native proficiency.

Taken together, our results suggest that CLI is a driving factor
of the mechanisms underlying non-native production at interme-
diate proficiency levels in our study, and not typological similar-
ity. However, the exact contribution of typological similarity may
change dynamically as a function of other key factors in multi-
lingual language processing, such as non-native proficiency. Given
the scarcity of research, more empirical studies are needed to delve
deeper into this issue, see section 6.5.1.

6.5.1 Conclusions

In this study, we asked the question whether or not typolo-
gically similar languages bear a processing advantage in non-native
production. Our data showed CLI effects at the behavioural level in
the form of a processing advantage of congruent and cognate items
compared to incongruent and non-cognate items. Unexpectedly, we
found no evidence for an effect of typological similarity on behavi-
oural measures: the behavioural performance and CLI effects were
comparable across the Italian-Spanish and German-Spanish group.
For the EEG data, we found a P300 component across both groups.
Further, P300 amplitudes were modulated by cognate status. This
highlights the crucial involvement of the P300 component in mit-
igatory CLI processes. In contrast, there was no traceable effect
of typological similarity on voltage amplitudes, reflecting highly
similar neural signatures and CLI across the two groups. Taken
together,these results suggest a limited role of typological similar-
ity on non-native production at intermediate proficiency levels. We
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argue that this may be linked to the relatively small difference in
proficiency between the L1 and the non-native language.

6.5.2 Future directions

Our study does not allow for a direct assessment of a typolo-
gical similarity effect at lower non-native proficiency levels in driv-
ing CLI. Future research could incorporate varying groups of late
learners at different acquisition stages to support our claims. Fur-
ther, while we carefully recruited our participants to fit the B1/B2
proficiency range and controlled for a number of linguistic variables,
future studies should incorporate a more direct measure of overall
proficiency to include in the statistical models. In turn, this could
be used for more nuanced analysis for participants in the lower vs.
higher B1/B2 range. Finally, there is an urgent need for an ob-
jective measure of typological similarity to quantify any effects on
multilingual language processing and cognition. While the classi-
fication of our groups was unambiguous in the current study, this
remains a frequent debate in the literature (Van der Slik, 2010).
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Appendix

6.A Linguistic profile: Italian-Spanish

group

Table 6.A.1: Overview of the native and non-native languages acquired
by the Italian-Spanish speakers included in the analysis (n = 28).

L1 L2 L3 L4 L5 Total

Italian n = 28 28
Spanish n = 2 n = 15 n = 8 n = 3 28
English n = 23 n = 4 27
French n = 3 n = 7 n = 3 13
German n = 1 n = 2 3
Portuguese n = 2 2
Catalan n = 1 1

Total 28 28 27 13 6
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6.B Linguistic profile: German-Spanish

group

Table 6.B.1: Overview of the native and non-native languages acquired
by the Italian-Spanish speakers included in the analysis (n = 30).

L1 L2 L3 L4 L5 Total

German n = 30 30
Spanish n = 16 n = 12 n = 2 30
English n = 28 n = 2 30
French n = 2 n = 8 n = 5 15
Latin n = 3 n = 1 n = 1 5
Russian n = 1 n = 1 2
Swedish n = 1 1
Portuguese n = 1 1
Catalan n = 1 1
Italian n = 1 1
Mandarin n = 1 1

Total 30 30 30 19 8
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6.C Model fitting procedure

The model-fitting procedure was as follows: we first constructed
a theoretically plausible maximal model. This model included an
elaborate fixed effects structure which consisted of our fixed effects
and any pre-hypothesised interactions, as well as the covariates. For
both our behavioural data and the EEG data, the maximal model
included an interaction effect of typological similarity with gender
congruency and cognate status in order to test the hypotheses of
finding potential differential effects across groups. Our random ef-
fects structure was specified as maximally as possible with random
slopes as well as random intercepts if supported by the data (Barr,
2013). In the case of non-convergence or singular fit, we first sim-
plified our random effects structure. Next, we proceeded to simplify
the fixed effects structure and systematically tested for statistical
significance of the fixed effects and the covariates in a top-down
fashion. By default, GLMMs were fitted using the maximum like-
lihood (ML) method with the Laplace approximation (Bates et
al., 2020). Absolute test-statistic values larger than ±1.96 at α =
0.05 were defined as statistically significant (Alday et al., 2017).
Model comparisons were performed to assess the contribution of
each fixed effect using the anova() function. This function is based
on the Information Criteria AIC and BIC and the loglikelihood ra-
tio. Fixed effects which did not significantly improve the model fit
were excluded from the model selection procedure. Model fit was
assessed after each model by examining the model residuals using
the DHARMa package (Hartig, 2020). Treatment coding was used
as our default contrast.
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6.D Model parameters: naming accur-

acy

Table 6.D.1: Model outcome parameters for naming accuracy (n = 58).

Formula: naming accuracy ∼ gender congruency (congruent vs. in-
congruent) + cognate status (cognate vs. non-cognate) + familiarisa-
tion phase performance (zero correct vs. one correct vs. two correct
vs. three correct) + (1|subject) + (1|item)

Term Odds Ratio [95% CI] z-value p-value

(Intercept) 0.641 [0.416, 0.987] -2.02 0.043
Gender
congruency
[incongruent]

0.728 [0.542, 0.978] -2.11 0.035

Cognate status
[non-cognate]

0.696 [0.519, 0.934] -2.41 0.016

Familiarisation
phase
performance
[one correct]

6.342 [4.67, 8.61] 11.82 < 0.001

Familiarisation
phase
performance
[two correct]

26.75 [19.50, 36.69] 20.39 < 0.001

Familiarisation
phase
performance
[three correct]

58.02 [41.63, 80.87] 23.97 < 0.001

Random effects
σ2 3.29
τ00Item 0.55
τ00Subject 0.59
ICC 0.26
NSubject 58
NItem 192

Observations 5,568
Marginal R2/
Conditional R2

0.286/0.469
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6.E Model parameters: naming laten-

cies

Table 6.E.1: Model outcome parameters for naming latencies (n = 58).

Formula: naming latency ∼ gender congruency (congruent vs. incon-
gruent) + cognate status (cognate vs. non-cognate) + familiarisation
phase performance (zero correct vs. one correct vs. two correct vs.
three correct) + (gender congruency + cognate status|subject) +
(1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 1.39 [1.31, 1.46] 34.80 < 0.001
Gender
congruency
[incongruent]

0.064 [0.019, 0.108] 2.82 0.005

Cognate status
[non-cognate]

0.046 [0.005, 0.087] 2.18 0.029

Familiarisation
phase
performance
[one correct]

-0.182 [-0.239, -0.125] -6.25 < 0.001

Familiarisation
phase
performance
[two correct]

-0.371 [-0.424, -0.318] -13.71 < 0.001

Familiarisation
phase
performance
[three correct]

-0.445 [-0.499, -0.392] -16.39 < 0.001

Random effects
σ2 0.05
τ00Item 0.00
τ00Subject 0.00
τ11Subject[incongruent] 0.00
τ11Subject[non−cognate] 0.00
ρ01Subject[incongruent] -0.21
ρ01Subject[non−cognate] -0.25
ICC 0.16
NSubject 58
NItem 192
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Observations 4,650
Marginal R2/
Conditional R2

0.174/0.310



Does your native language matter? Neural correlates of
typological similarity in non-native production 273

6.F EEG data: region of interest

Figure 6.F.1: Region of interest and the corresponding data channels for
the group comparison, illustrated in the montage of the German-Spanish
group.
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6.G Model parameters: P300 compon-

ent

Table 6.G.1: Model outcome parameters for voltage amplitudes (n = 58).

Formula: voltage amplitudes ∼ gender congruency (congruent vs. in-
congruent) + cognate status (cognate vs. non-cognate) + hemisphere
(left vs. midline vs. right) + familiarisation phase performance (zero
correct vs. one correct vs. two correct vs. three correct) + (gender
congruency + cognate status|subject) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 4.96 [4.17, 5.74] 12.40 < 0.001
Gender
congruency
[incongruent]

0.025 [-0.479, 0.529 0.097 0.922

Cognate status
[non-cognate]

-0.477 [-0.934, -0.021] -2.05 0.040

Hemisphere
[midline]

0.619 [0.598, 0.639] 59.14 < 0.001

Hemisphere
[right]

-0.426 [-0.444, -0.408] -45.63 < 0.001

Familiarisation
phase
performance
[one correct]

0.009 [-0.052, 0.070] 0.292 0.770

Familiarisation
phase
performance
[two correct]

0.113 [0.056, 0.170] 3.87 < 0.001

Familiarisation
phase
performance
[three correct]

0.172 [0.114, 0.230] 5.81 < 0.001

Random effects
σ2 73.66
τ00Item 1.78
τ00Subject 7.60
τ11Subject[incongruent] 1.68
τ11Subject[non−cognate] 0.99
ρ01Subject[incongruent] -0.42
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ρ01Subject[non−cognate] -0.001
ICC 0.11
NSubject 58
NItem 192

Observations 4,500,216
Marginal R2/
Conditional R2

0.003/0.112
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Abstract: Both inhibitory control and typological similarity
between two languages feature frequently in current research on
multilingual cognitive processing mechanisms. Yet, the modulatory
effect of speaking two typologically highly similar languages on in-
hibitory control performance remains largely unexplored. However,
this is a critical issue because it speaks directly to the organisa-
tion of the multilingual’s cognitive architecture. In this study, we
examined the influence of typological similarity on inhibitory con-
trol performance via a spatial Stroop paradigm in native Italian
and native Dutch late learners of Spanish. Contrary to our hypo-
thesis, we did not find evidence for a differential Stroop effect for
the typologically similar group (Italian-Spanish) compared to the
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typologically dissimilar group (Dutch-Spanish). Our results there-
fore suggest a limited influence of typological similarity on inhib-
itory control performance. The study has critical implications for
characterising inhibitory control processes in multilinguals.

Keywords: inhibitory control performance, typological similarity,
spatial Stroop task, late language learners

7.1 Introduction

A remarkable feature of multilingual speakers is the ability to
engage with several acquired languages, seemingly without effort. In
this paper, we will broadly refer to multilinguals as those language
users who have acquired one or more non-native language(s) in
addition to their native language, L1 (Cenoz, 2013; De Groot, 2017).
Over the past decades, numerous studies have attempted to capture
the complexity of the multilingual experience. In particular, they
focused on the cognitive, structural and functional consequences of
managing several languages in the brain (Abutalebi & Green, 2007;
Bialystok et al., 2012; D. W. Green, 1998; Kroll et al., 2015; Mosca
& De Bot, 2017; Pliatsikas, 2020; Schwieter, 2016) (Sebastián-Gallés
& Kroll, 2003).

A well-established aspect of the cognitive architecture of mul-
tilingualism is the parallel activation of languages across a range
of proficiency levels, language combinations and linguistic domains
(Blumenfeld & Marian, 2013; Colomé, 2001; Costa et al., 2000; Dijk-
stra, Van Heuven & Grainger, 1998; Guo & Peng, 2006; Hoshino &
Thierry, 2011). In order to successfully mitigate parallel activation
and to ultimately select the appropriate target language, multilin-
guals must employ a language control mechanism on the non-target
language (Abutalebi & Green, 2007; Christoffels et al., 2007; Costa
& Santesteban, 2004; Declerck et al., 2019; D. W. Green, 1998).
Here, language control is conceptualised as a collection of control
mechanisms applied to multilingual speech production and compre-
hension (Abutalebi, 2008; D. W. Green & Abutalebi, 2013). From
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a theoretical point of view, this notion is featured in the Inhibitory
Control (IC) model of language control by D. W. Green (1998),
which postulates that the non-target language needs to be sup-
pressed prior to the linguistic output.

The exact nature of the mechanisms underlying language con-
trol is yet to be established. There is a substantial amount of evid-
ence suggesting that language control is strongly associated with
domain-general inhibitory control, also termed cognitive control or
executive control (Bialystok et al., 2012; Declerck et al., 2021; Fest-
man, Rodriguez-Fornells & Münte, 2010). Inhibitory control is an
executive function used to regulate and inhibit irrelevant inform-
ation with respect to thoughts or behaviour, as well as switching
attention (Diamond, 2013; Miyake et al., 2000). Some studies indic-
ate that language control impacts executive functions, for example
inhibitory control (Bialystok & Martin, 2004; Bialystok, 2010; Kroll
& Bialystok, 2013; D. W. Green & Abutalebi, 2013; Miyake et al.,
2000; Wiseheart, Viswanathan & Bialystok, 2016). Critically, evid-
ence further suggests that language control may share some un-
derlying processing mechanisms with inhibitory control (Declerck
et al., 2021; D. W. Green, 1998; Linck, Hoshino & Kroll, 2005;
Weissberger, Gollan, Bondi, Clark & Wierenga, 2015), although
this notion is still debated (Branzi, Della Rosa, Canini, Costa &
Abutalebi, 2016; Calabria, Hernandez, Branzi & Costa, 2012).

In the current study, we investigated the impact of multilin-
gualism on inhibitory control performance. More specifically, we
examined whether the typological similarity between languages of
a multilingual plays a role in modulating inhibitory control per-
formance. Typological similarity, also termed typological distance
or language similarity in the literature, refers to linguistic and struc-
tural (dis)similarities across different languages spoken by multilin-
guals (Foote, 2009; Putnam et al., 2018; Westergaard, Mitrofanova,
Mykhaylyk & Rodina, 2017). For example, Italian and Spanish may
be considered as more typologically similar languages compared to
language pairs such as Dutch and Spanish because of the larger
degree of overlap in morphosyntax, gender systems and cognates
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(Paolieri et al., 2019; Schepens et al., 2012; Serratrice et al., 2012).

Several studies have focused on the modulating effects of typolo-
gical similarity on language control, for example, within the context
of a classical Stroop paradigm (Brauer, 1998; Coderre, Van Heuven
& Conklin, 2013; Van Heuven, Conklin, Coderre, Guo & Dijkstra,
2011) However, studies directly investigating the effect of typolo-
gical similarity on domain-general inhibitory control performance
are scarce, but see Bialystok et al. (2005), Linck et al. (2005) and
Yamasaki et al. (2018). Typical experimental paradigms to explore
domain-general inhibitory control are the Simon task (Bialystok,
Craik, Klein & Viswanathan, 2004; Bialystok et al., 2005; Simon &
Small, 1969), and the spatial Stroop task (Hilbert et al., 2014; Lu &
Proctor, 1995; Luo & Proctor, 2013). The core feature of the Simon
task is a conflict between the physical location of a stimulus and
the response, e.g., a stimulus appearing on the right side of a screen
while the corresponding response button is located on the left side.
The Simon effect quantifies the difference in response times (RTs)
between trials in which stimulus and response location match and
trials in which stimulus and response location mismatch. Typically,
longer RTs are linked to the mismatch trials. Accordingly, a smaller
Simon effect reflects better inhibitory control performance, whereas
a larger Simon effect reflects lower inhibitory control performance
(Bialystok et al., 2004).

In this study, we used the spatial Stroop task (Hilbert et al.,
2014; Lu & Proctor, 1995), which is a combination of the Simon
task and the classical colour-word Stroop task (MacLeod, 1992;
Stroop, 1935). While the classical Stroop task involves the naming
of a colour-word written in either the matching ink colour (congru-
ent trial), e.g., the word RED written in red ink, or the mismatching
ink colour (incongruent trial), e.g., the word RED written in blue
ink, the spatial Stroop task focuses on spatial stimulus-stimulus
conflicts. The basic feature of the spatial Stroop task is that a tar-
get word (“left”, “right”, “up”, “down”) either matches its location
on the screen, e.g., LEFT shown on the left side of the screen (con-
gruent trial), or it does not match its location on the screen, e.g.,
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LEFT shown on the right side of the screen (incongruent trial).
The key to success in this task is to inhibit the irrelevant spatial
stimulus property (e.g., the location of the word) and to instead
focus on the relevant target stimulus property (the target word
itself). In this task, inhibitory control performance is reflected in
the spatial Stroop effect, which describes the quantitative differ-
ence in RTs between congruent and incongruent trials (Hilbert et
al., 2014; La Heij, Van der Heijden & Plooij, 2001; Marian et al.,
2013; Roelofs, 2021; Van Heuven et al., 2011). Drawing parallels
between the Simon task, a smaller Stroop effect is reported to in-
dicate better inhibitory control performance (Costa, Hernández &
Sebastián-Gallés, 2008; Heidlmayr et al., 2014; Pardo, Pardo, Janer
& Raichle, 1990).

In the current study, the critical question we sought to an-
swer was the following: does typological similarity between the two
languages significantly modulate inhibitory control performance in
multilinguals? A relevant theoretical framework for this particu-
lar question is the Conditional Routing Model (CRM) by Stocco
et al. (2014). The model is based upon the notion that the mul-
tilingual experience dynamically impacts domain-general executive
functions, including inhibitory control, as a result of the parallel
activation of the languages (Bialystok & Martin, 2004; Festman
et al., 2010). Here, the model postulates that executive functions
are effectively trained over time (Kroll & Bialystok, 2013; Yama-
saki et al., 2018), which results in a strengthening of the neural
circuits underlying these executive functions. When the languages
within a multilingual system are highly typologically similar, one
may predict a higher degree of cross-language interference (Cenoz,
2001; J. Chen, Zhao, Zhaxi & Liu, 2020; De Bot, 2004). In turn,
this implies that speakers of these languages develop better inhibit-
ory control skills compared to speakers of typologically less similar
languages (Yamasaki et al., 2018). Therefore, the CRM provides
us with a testable prediction for the effect of typological similarity
on inhibitory control performance: speakers of typologically similar
languages should exhibit a better inhibitory control performance
compared to speakers of typologically less similar languages. Ap-
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plied to the context of a spatial Stroop task used in this study,
speakers of typologically similar languages (e.g., Italian-Spanish)
should therefore show a smaller Stroop effect compared to speakers
of typologically less similar languages (e.g., Dutch-Spanish speak-
ers).

7.1.1 The current study

We explored the modulatory role of typological similarity on
inhibitory control performance in a spatial Stroop task (hereafter
simply Stroop task) in two groups of speakers with differing degrees
of typological similarity. Participants were native Italian learners of
Spanish, and native Dutch learners of Spanish. On the basis of ty-
pological work by Schepens et al. (2012) and Van der Slik (2010),
we defined our Italian-Spanish group as our typologically similar
group, and our Dutch-Spanish group as our typologically dissimilar
group. All participants had a Spanish proficiency level in the B1/B2
range within the CEFR framework (Council of Europe, 2001). We
followed a spatial Stroop paradigm inspired by Hilbert et al. (2014),
who used the location words “left”, “right”, “up” and “down” to
study the Stroop effect in native speakers of German: see also Lu
and Proctor (1995) and Shor (1970). In our paradigm, we exploited
the conflict between the target word and the location of the tar-
get word on the screen, for example, the Spanish location word
[izquierda] “left” displayed on the right side of the screen, or the
Spanish word [derecha] “right” displayed on the left side of the
screen. The translation equivalents for [izquierda] “left” and [dere-
cha] “right” are “sinistra” and “destra” in Italian, and “links” and
“rechts” in Dutch, respectively. In the congruent condition, the tar-
get word and the target word location matched. In contrast, in the
incongruent condition, the target word and the target word location
did not match. We measured accuracy and RTs during this task.
Post-experiment, we calculated the Stroop effect by subtracting the
RTs for congruent trials from RTs for incongruent trials. Import-
antly, we employed an equiprobable Stroop task design, whereby
the probability of each condition occurring in the subsequent trial is
identical. Within the framework of the Dual Mechanisms of Control



When left is right: The role of typological similarity in
multilinguals’ inhibitory control performance 283

(DMC) model (Braver, 2012), an equiprobable Stroop task design
is linked to a proactive control strategy. At the core of this partic-
ular strategy is the maintenance of goal-relevant information over
time to succeed at the task (Braver, 2012; Gonthier, Braver & Bugg,
2016). Therefore, our Stroop task taps not only into inhibitory con-
trol performance per se, but also into the cognitive mechanisms of
monitoring the task.

Research questions

Our research questions were the following: first, is there a differ-
ence in terms of RTs as a function of typological similarity (typolo-
gically similar vs. typologically dissimilar)? Secondly, connected to
this first question, is the Stroop effect larger for one group compared
to the other, thereby reflecting an effect of typological similarity on
inhibitory control performance?

Hypotheses

Based on the literature outlined above, we first predicted a
Stroop effect for both the Italian-Spanish group and the Dutch-
Spanish group. Behaviourally speaking, this would be reflected in
higher accuracy and shorter RTs for congruent trials compared to
incongruent trials. Next, in line with the CRM (Stocco et al., 2014),
we hypothesised overall shorter RTs for the Italian-Spanish group
compared to the Dutch-Spanish group. Finally, we expected a differ-
ence in inhibitory control performance as a function of typological
similarity: we expected an interaction effect of condition (congruent
vs. incongruent) and typological similarity (typologically similar vs.
typologically dissimilar) on the size of the Stroop effect. A smal-
ler Stroop effect for the Italian-Spanish group would imply that the
overall inhibitory control performance is better for the typologically
similar languages compared to the less typologically similar Dutch-
Spanish group. In turn, this would support the CRM (Stocco et al.,
2014).
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7.2 Methods

In addition to the spatial Stroop task, we asked participants to
complete the Language Experience and Proficiency Questionnaire,
LEAP-Q (Marian et al., 2007). The LEAP-Q is a questionnaire
designed to obtain a measure for the linguistic profile of our parti-
cipants in terms of their proficiency levels and experiences with the
languages within their multilingual system (Marian et al., 2007).
Finally, participants also completed the LexTALE-Esp (Izura et
al., 2014), a lexical decision task to establish vocabulary size in
Spanish, for descriptive purposes.

7.2.1 Participants

For the Italian-Spanish group, we recruited 33 healthy, right-
handed native speakers of Italian (24 females) with a B1/B2 level
of Spanish at Pompeu Fabra University (Barcelona, Spain). Mean
age of the Italian-Spanish group was 27.12 years (SD = 4.08). Our
recruitment criteria for this group were the following: no addi-
tional language learnt before the age of three, age of acquisition
of Spanish from fourteen years onwards, a maximum time spent in
a Spanish-speaking country of no longer than one year, no psycho-
logical, neurological, visual, auditory, or language-related impair-
ments; and finally, an age range between 18 and 35 years. For the
Dutch-Spanish group, we recruited and tested 25 healthy, right-
handed native speakers of Dutch (16 females) with a B1/B2 level of
Spanish at Leiden University (Leiden, The Netherlands). Mean age
of the Dutch-Spanish group was 22.84 years (SD = 3.05). Our re-
cruitment criteria were identical to the Italian-Spanish group, with
the cap on maximum time spent in a Spanish-speaking country less
stringent due to the testing location. Data from the LEAP-Q was
analysed to establish a detailed linguistic profile of each participant.
See Appendix 7.A and Appendix 7.B for an overview of the pro-
files for the Italian-Spanish group and the Dutch-Spanish group,
respectively.
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LEAP-Q: Linguistic profile of participants

Italian-Spanish group. With respect to their linguistic profile
in Spanish, two participants acquired Spanish as first foreign lan-
guage, whereas eighteen participants acquired Spanish as second
foreign language. Spanish was the third foreign language for ten
participants, and three participants acquired Spanish as fourth for-
eign language (Appendix 7.A). The mean age of acquisition (AoA)
of Spanish was 23.93 years (SD = 5.07). On average, participants
reported to be fluent in Spanish at the age of 24.88 years (SD
= 4.48), to have started reading in Spanish at the age of 24.36
years (SD = 4.91) and to be fluent readers by the age of 24.24
(SD = 4.82). On average, participants spent 0.46 years (SD =
0.343) in a Spanish-speaking country and had learnt Spanish for
0.93 years (SD = 1.17) either at school as a foreign language, or
as a language course in Spain. Twenty-five participants were com-
pleting or had completed a formal Spanish language course that
was not part of the school curriculum shortly before or upon their
arrival in Spain (mean length of course: 0.53 years, SD = 0.889
years). Finally, participants quantified their current daily expos-
ure to Spanish as 40% (SD = 18.37%) of the time with respect to
the other languages spoken. In terms of dominance, thirteen par-
ticipants classified Spanish as their most dominant language after
Italian, fourteen participants as their second most dominant lan-
guage after Italian, five participants as their third most dominant
language after Italian, and one participant as their fourth most
dominant language after Italian. On a ten-point scale, ten being
maximally proficient, participants rated their speaking proficiency
at 6.09 (SD = 1.76), comprehension proficiency at 7.26 (SD = 1.67)
and their reading proficiency at 7.36 (SD = 1.48).

Dutch-Spanish group. In this group, nine participants stated
that they acquired Spanish as their second foreign language, nine
participants as their third foreign language and seven participants
as their fourth foreign language (Appendix 7.B). Mean AoA of
Spanish was 17.84 years (SD = 3.16). People stated to be fluent
in Spanish on average at the age of 19.60 years (SD = 2.52), that
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they started reading in Spanish at the age of 18.44 years (SD =
3.24), and that they were on average fluent in reading by 19.76
years (SD = 3.41). Eighteen out of the twenty-five participants
spent on average 0.57 years (SD = 0.66) in a Spanish-speaking
country (e.g., Spain, Argentina, Colombia, Mexico). Compared to
the other languages, participants quantified their daily exposure to
Spanish with 12.96% (SD = 10.07). Critically, two participants re-
ported Spanish as their second most dominant language, nineteen
as their third most dominant, three as their fourth most dominant
and one participant as their fifth most dominant language follow-
ing Dutch. On a ten-point scale (ten being maximally proficient),
participants reported an average speaking proficiency in Spanish of
6.40 (SD = 1.47), a comprehension proficiency of 7.08 (SD = 1.32)
and a reading proficiency of 7.08 (SD = 1.22). These ratings are
highly comparable with the Italian-Spanish group.

7.2.2 Materials and design

Prior to the experiment, participants completed the LEAP-Q
(Marian et al., 2007) at home to reduce self-report biases frequently
induced in laboratory settings (Rosenman et al., 2011). During the
experiment, we first asked participants to complete the LexTALE-
Esp (Izura et al., 2014), followed by the Stroop task.

Tasks and stimuli

LexTALE-Esp. We administered the LexTALE-Esp to estab-
lish vocabulary size in Spanish. The task was programmed in E-
prime2 (Schneider et al., 2002), using the exact same stimuli as in
the original version by Izura et al. (2014).

Stroop task. We administered the Stroop task to measure in-
hibitory control performance in our Italian-Spanish speakers and
Dutch-Spanish speakers. We again generated an E-prime2 script
(Schneider et al., 2002) for this task. The target words were the
written Spanish words [izquierda] “left” and [derecha] “right”.
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7.2.3 Procedure

Prior to initiating the experiment, participants were provided
with an information sheet and the opportunity to ask clarification
questions. Then, participants signed the consent form in compli-
ance with the ethics code for linguistic research at the Faculty of
Humanities at Leiden University. Before each task, we provided par-
ticipants with written task instructions in Spanish. Upon termina-
tion of all tasks, participants were provided with a debrief sheet in
their respective L1, they signed the final consent form and received
a monetary compensation for their participation.

LexTALE-Esp

The LexTALE-Esp procedure was identical for both groups. We
asked participants to indicate via a button press whether the string
corresponded to a Spanish word (e.g., [secuestro] “kidnapping”)
or a pseudoword (e.g., plaudir). Participants were instructed that
incorrectly assigning a word status to a pseudoword and vice versa
would lead to a deduction in the score. The trial procedure was as
follows: first, a black fixation cross was displayed for 1,000 ms on a
white screen. Then, a letter string corresponding to either a word or
a pseudoword was displayed in the centre of the screen. The letter
string remained on the screen until the participants’ response. After
the participants’ response, the next trial was initiated. Sixty trials
were Spanish word trials, whereas thirty were pseudoword trials.
Trial order was randomised so that each participant was presented
with a unique trial order.

Stroop task

The procedure for the Stroop task was the same for both groups.
Participants were asked to focus on the target word while ignoring
the location of the target word on the screen and to respond to the
target word via button presses. The trial procedure was as follows:
first, participants saw a black fixation cross for 500 ms in the centre
of a white screen. Next, they saw a target word appear on either
the left or right side of the screen along the horizontal midline in
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Spanish. This target word was either [izquierda] “left” or [derecha]
“right”. The target word was visible on the screen until participants
responded or for a maximum display time of 1,000 ms (Figure 7.2.1).

Figure 7.2.1: Example trial procedure for a congruent trial followed by
an incongruent trial.

+

500 ms

1000 ms

500 ms

1000 ms

izquierda

+

derecha

The next trial was initiated after participants’ response, or if the
response time limit was reached. Half of the trials were congruent
trials, where the target word matched the location on the screen.
The other half of the trials were incongruent trials, where the target
word and the location on the screen did not match. There were 24
trials for each target word (izquierda/ derecha) and target location
on the screen (left side/right side), amounting to 48 trials for the
congruent condition and 48 trials for the incongruent condition.
Prior to the start of the main experimental round, there was a short
practise round to familiarise participants with the task procedure.
Trial order was randomized in the practice round and in the main
experimental round.
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7.3 Results

7.3.1 Data exclusion

For the Italian-Spanish group, data from one participant were
lost due to a technical failure. Therefore, we included 32 datasets in
the analysis. In contrast, for the Dutch-Spanish group we included
all 25 datasets in the analysis, adding to a total of 57 datasets.

7.3.2 Data analysis

We analysed our behavioural data using R, Version 4.0.3 in
RStudio, Version 1.4.1106 (R Core Team, 2020). We employed a
single trial generalised linear mixed effects modelling approach us-
ing the lme4 package (Bates et al., 2020). We first modelled the
outcome variables accuracy and RTs separately for each individual
group. Next, we pooled our RT data from both groups for a group
comparison analysis to study potential effects of typological sim-
ilarity on Stroop effect sizes. For both the individual group ana-
lyses and the group comparison analysis, we applied the following
model fitting procedure: first, we constructed a theoretically plaus-
ible model with a maximal random effects structure as supported
by our data (Barr, 2013; Matuschek et al., 2017). In our case, the
maximal model was a random-intercept and random-slope model
for both accuracy and RTs. In the case of non-convergence or sin-
gular fit, we simplified our random effects structure. Next, we gen-
erated the model of best fit in a top-down procedure, whereby we
simplified the fixed effects structure in a stepwise fashion. After
fitting each model, we performed model diagnostics to establish
the goodness of fit using the DHARMa package (Hartig, 2020).
This involved the plotting of the model residuals against the pre-
dicted values, and closely investigating the distribution of the re-
siduals and the presence of influential data points to identify issues
in terms of the model fit. Then, we compared models with differ-
ent fixed effects structures to establish the model of best fit using
the anova() function, which is based on the Akaike’s Information
Criterion, AIC (Akaike, 1974), the Bayesian Information Criterion,
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BIC (Neath & Cavanaugh, 2012) and the log-likelihood ratio. To
test for the significance of the terms in the fixed effects structure,
absolute test-statistics greater than 1.96 were interpreted as statist-
ically significant at α = 0.05 (Alday et al., 2017; Matuschek et al.,
2017). Finally, the models of best fit for RTs were re-fitted using the
REML criterion (Bates, Mächler, Bolker & Walker, 2014; Verbyla,
2019). All best-fitting models and model parameters are reported
in Appendix 7.C, Appendix 7.D and Appendix 7.E. Note that the
model parameters for accuracy are reported as odds ratios.

To model accuracy, we used the glmer() function with a bino-
mial distribution. This particular function from the lme4 package
uses maximum likelihood estimation via the Laplace approxima-
tion (Bates et al., 2020). In contrast, we used the lmer() function
with a normal distribution to model RTs for correct trials. For the
individual group analysis, our fixed effect of interest was condi-
tion (congruent vs. incongruent), whereas subject and item were
included as random effects. For the group comparison analysis, we
used the lmer() function to model the interaction effect of condi-
tion (congruent vs. incongruent) and typological similarity (typo-
logically similar vs. typologically dissimilar) as well as their main
effects on RTs. Subject and item were again included as random
effects. To control for potential covariates, we included LexTALE-
Esp score and order of acquisition of Spanish as fixed effects in all
analyses.

7.3.3 LexTALE-Esp

Post-experiment, we calculated the LexTALE-Esp vocabulary
size score for each participant by subtracting the percentage of in-
correctly identified pseudowords from the percentage of correctly
identified words (Izura et al., 2014). For the Italian-Spanish group,
the mean LexTALE-Esp score was 26.30 (SD = 14.04). Large indi-
vidual differences were evident from the range of scores, which was
between -7.37 to 49.30. In contrast, the mean LexTALE-Esp score
for the Dutch-Spanish group was 22.69 (SD = 17.19). The range
was from -11.92 to 54.73, which yielded similar large individual dif-
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ferences between participants. A two-sample t-test yielded no signi-
ficant statistical difference in LexTALE-Esp scores between the two
groups with t(45.90) = 0.851, p = 0.399. According to calculations
provided by Lemhöfer and Broersma (2012), all of our speakers were
at or below the B2 level for Spanish according to CEFR standards
(Council of Europe, 2001), in line with our recruitment criteria.

7.3.4 Stroop task

We first computed descriptive statistics for accuracy and RTs for
both groups. See Table 7.3.1 for descriptive mean accuracy, mean
RTs and Stroop effects for the Italian-Spanish group and the Dutch-
Spanish group. Descriptively speaking, results yielded overall longer
RTs for the Italian-Spanish group compared to the Dutch-Spanish
group. Moreover, the Stroop effect was descriptively larger for the
typologically similar languages compared to the typologically dis-
similar languages. We first discuss the individual analysis for the
Italian-Spanish group and the Dutch-Spanish group, respectively.
Then, we discuss the group comparison for the Stroop effect.

Table 7.3.1: Mean accuracy and RTs for the Stroop task for the Italian-
Spanish group (n = 32) and the Dutch-Spanish group (n = 25).

Italian Dutch

Accuracy
(%)

RTs (ms) Accuracy
(%)

RTs (ms)

Condition Mean (SD) Mean (SD) Mean (SD) Mean (SD)

congruent 94.73
(22.35)

579 (113) 95.67
(20.37)

560 (123)

incongruent 91.21
(28.32)

607 (112) 90.67
(29.10)

576 (112)

Stroop
effect

28 16
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Italian-Spanish group

Accuracy. For the Italian-Spanish group, the model of best fit
included condition as fixed effect, as well as subject and item as
random effects. The by-subject random slopes for condition led to
singular fit and were therefore dropped from the model fitting pro-
cedure. The covariates LexTALE-Esp score and order of acquisition
of Spanish did not significantly improve the model fit. Therefore,
the model of best fit was the following: accuracy ∼ condition (con-
gruent vs. incongruent) + (1|subject) + (1|item). Participants were
significantly more accurate for congruent trials compared to incon-
gruent trials with β = 0.560, 95% CI [0.400, 0.784], z = -3.38, p =
0.001 (see Appendix 7.C for the full model parameters). See Figure
7.3.1 for mean accuracy for the Italian-Spanish group.

Response times. For the Italian-Spanish group, the model of
best fit yielded an effect of condition, a random effect for subject and
item and a by-subject random slope for condition (Figure 7.3.1).
Neither LexTALE-Esp score nor order of acquisition of Spanish sig-
nificantly modulated the outcome variable or improved the model
fit. These two covariates were therefore excluded from the model
fitting procedure. This resulted in the following best-fitting model:
RTs ∼ condition (congruent vs. incongruent) + (condition|subject)
+ (1|item). Participants were statistically faster in responding in
the congruent condition compared to the incongruent condition
with β = 29.46, 95% CI [18.10, 40.82], t = 5.09, p < 0.001 (see
Appendix 7.C).
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Figure 7.3.1: Mean accuracy (A) for each participant and response times
(B) for each condition for the Italian-Spanish group (n = 32).

Dutch-Spanish group

Accuracy. For the Dutch-Spanish group, the model of best
fit included a fixed effect of condition, as well as by-subject ran-
dom slopes for condition and subject as random effect. Item led
to singular fit and was excluded from the model fitting proced-
ure. Further, Lextale-Esp score and order of acquisition of Spanish
did not significantly improve the model fit. The model of best fit
was as follows: accuracy ∼ condition (congruent vs. incongruent)
+ (condition|subject). Participants were significantly more accur-
ate in the congruent compared to the incongruent condition with β
= 0.477, 95% CI [0.295 – 0.771], z = -3.02, p = 0.003 (see Appendix
7.D for the full model parameters). See Figure 7.3.2 for mean ac-
curacy for the Dutch-Spanish group.

Response times. For the Dutch-Spanish group, we found that
the model of best fit included condition as fixed effect, subject as
random effect and by-subject random slopes for condition (Fig-
ure 7.3.2). The random effect for item was not supported by our
data and was therefore excluded from the random effects structure.
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Neither LexTALE-Esp score nor order of acquisition of Spanish sig-
nificantly improved the model fit and were subsequently dropped
from the model selection procedure. The resulting model of best
fit was the following: RTs ∼ condition (congruent vs. incongruent)
+ (condition|subject). Participants were significantly faster in re-
sponding in the congruent condition compared to the incongruent
condition, with β = 15.31, 95% CI [4.40, 26.21], t = 2.75, p = 0.006
(see Appendix 7.D).

Figure 7.3.2: Mean accuracy (A) for each participant and response times
(B) for each condition for the Dutch-Spanish group (n = 25).

Taken together, data from both the Italian-Spanish group and
the Dutch-Spanish groups suggest that participants were signific-
antly more accurate and faster in the congruent condition compared
to the incongruent condition. Therefore, both groups displayed the
Stroop effect.

Stroop effect: group comparison

Finally, we compared the Stroop effect (RT incongruent tri-
als minus RTs congruent trials) between the Italian-Spanish and
Dutch-Spanish group to explore the possible impact of typological
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similarity. Here, we explored the interaction effect between con-
dition and typological similarity on the size of the Stroop effect.
Descriptively speaking, the Stroop effect was larger for the Italian-
Spanish group compared to the Dutch-Spanish group. However, the
model of best fit yielded a main effect of condition with participants
being faster for congruent trials compared to incongruent trials
with β = 23.20, 95% CI [14.56, 31.83] = 4.40, t = 5.27, p < 0.001.
The model also included a main effect of typological similarity, with
participants from the typologically similar group (Italian-Spanish)
being significantly slower compared to the typologically dissimilar
group (Dutch-Spanish) with β = 30.70, 95% CI [7.72, 53.68] =
11.72, t = 2.62, p = 0.009. Therfore, the best-fitting model was:
RTs ∼ typological similarity (high vs. low) + condition (congruent
vs. incongruent) + (condition|subject) + (1|item), see Appendix
7.E. There was no evidence for an interaction effect between con-
dition and typological similarity. See Appendix 7.E for full model
specification details, as well as a comparison between the model
that included the interaction term and the best-fitting model that
did not include the interaction term. Further, the model of best fit
also included a by-subject random slope for condition as well as item
as random effect. The covariates LexTALE-Esp score and order of
acquisition of Spanish did not significantly contribute to improving
the model fit and were therefore not included in the final model.
See Figure 7.3.3 for the comparison of the Stroop effect across the
Italian-Spanish and Dutch-Spanish group.
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Figure 7.3.3: Mean response times for the Italian-Spanish group (left)
and the Dutch-Spanish group (right) for each condition for Spanish
Stroop targets (n = 57).

7.4 Discussion

In this study, we explored the effect of typological similarity on
inhibitory control performance in a group of Italian-Spanish speak-
ers and a group of Dutch-Spanish speakers via a spatial Stroop task.
The goal of this study was twofold: first, we examined whether or
not the typologically similar (Italian-Spanish) group showed a gen-
eral processing advantage over the typologically dissimilar (Dutch-
Spanish) group in terms of RTs. Secondly, we studied whether ty-
pological similarity yielded a difference between the two groups in
terms of the Stroop effect (difference in RTs between incongruent
and congruent trials). Here, a smaller Stroop effect would be in-
dicative of better inhibitory control performance. On the basis of
the CRM (Stocco et al., 2014), we expected shorter RTs and a
smaller Stroop effect for the Italian-Spanish group compared to the
Dutch-Spanish group.

Stroop data from the Italian-Spanish as well as the Dutch-
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Spanish group showed that participants were sensitive to the inher-
ent task conflict. More specifically, results demonstrated higher ac-
curacy and shorter RTs for congruent compared to incongruent tri-
als. This yields the typical Stroop effect, which is a measure of inhib-
itory control performance in this task. To succeed at this task, par-
ticipants had to ignore the irrelevant information (i.e., the location
of the target) and instead focus on the target word itself to provide
a correct response. Further, as discussed in the introduction, par-
ticipants had to employ a proactive control strategy (Braver, 2012;
Gonthier et al., 2016) and monitor the goal-relevant information
during the task, as described in the DMC model (Braver, 2012).
Therefore, the presence of a Stroop effect in both groups reflects
not only a measure for inhibitory control performance, but also a
monitoring strategy to solve this task.

With respect to the first research question, the group com-
parison analysis showed that the typologically dissimilar (Dutch-
Spanish) group was comparatively faster than the typologically sim-
ilar (Italian-Spanish) group in this task. This finding contrasts with
our predictions. The original prediction on the basis of the CRM
(Stocco et al., 2014) was a processing advantage for the typologic-
ally similar Italian-Spanish group compared to the Dutch-Spanish
group due to continuous training of executive functions and inhib-
itory control skills over time. In contrast, our findings suggest that
typologically dissimilar Dutch-Spanish group had a processing ad-
vantage in terms of RTs over the Italian-Spanish group. In the liter-
ature, similar findings were reported by Bialystok et al. (2005), who
investigated the role of typological similarity on the performance
during a Simon task in highly proficient Cantonese-English speak-
ers (typologically dissimilar group) and highly proficient French-
English speakers (typologically more similar group). Results showed
a processing advantage for Cantonese-English speakers compared to
the French-English speakers in the form of faster RTs on the Simon
task for Cantonese-English speakers, see also Linck et al. (2005).
Our results are comparable to Bialystok et al. (2005), and suggest
that in this particular task, typological dissimilarity was advant-
ageous over typological similarity. Moreover, these results suggest
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a qualitative difference between the Italian-Spanish and the Dutch-
Spanish group, namely a more efficient inhibitory control strategy
for the speakers of the less typologically similar languages. Within
the framework of the DMC model (Braver, 2012) and the applica-
tion of proactive control strategies during this task (Braver, 2012;
Gonthier et al., 2016), this implies that Dutch-Spanish speakers
were more effective at employing a proactive control strategy, as
reflected in overall shorter RTs. In other words, speakers of typo-
logically more dissimilar languages were better at monitoring and
actively maintaining goal-related information compared to speakers
of typologically similar languages. This has critical implications for
the conceptualisation of the underlying cognitive mechanisms for
typologically similar vs. dissimilar language combinations.

With respect to our second research question, there was a de-
scriptive trend of a smaller Stroop effect for the Dutch-Spanish
group compared to the Italian-Spanish group. However, the overall
processing advantage of the Dutch-Spanish group over the Italian-
Spanish group was not reflected in the size of the Stroop effect.
More concretely, we did not find a statistically significant differ-
ence between the Stroop effect size for the Italian-Spanish group
compared to the Dutch-Spanish group. This finding was somewhat
surprising and contrasts with our original predictions. Our result
suggested, first, that the Stroop effect was unaffected by typological
similarity, and second, that speakers of both groups demonstrated
a highly comparable inhibitory control performance in this task.
Importantly, the CRM framework proposed by Stocco et al. (2014)
does not fully account for these specific findings. Instead, our find-
ings strongly suggest a limited modulatory role of typological sim-
ilarity on inhibitory control performance in this study. One arising
question here is the following: why were the Dutch-Spanish speaker
faster, but not better, compared to the Italian-Spanish speakers at
performing the Stroop task?

One interpretation of our findings could be that factors other
than typological similarity influence inhibitory control performance
in this task. These other potentially modulating factors exert their
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influence such that one group had an advantage in terms of pro-
cessing speed, but not in terms of overall performance. A well-
established modulatory factor in language control, but less in inhib-
itory control, is language proficiency, as postulated in the IC model
(D. W. Green, 1998). Previous studies have shown that multilingual
children with a low non-native proficiency display unilateral cross-
language interactions from the L1 into the L2 compared to multilin-
gual children with high non-native proficiency (Brenders, Van Hell
& Dijkstra, 2011; Poarch & Van Hell, 2012a). As outlined in Poarch
and Van Hell (2012b), this could indicate that less language control
effort is needed to manage the native and the non-native languages.
In turn, this implies less training of more general executive control
functions such as inhibitory control if the difference in proficiency
levels between the native and non-native language is considerable.
More specific to our intermediate late learners of Spanish, one could
argue that our participants have not yet sufficiently trained their
inhibitory control skills given their intermediate level of non-native
proficiency, in turn accounting for a limited effect of typological
similarity in this study. Therefore, one possibility is that there is
an interaction effect between typological similarity and non-native
proficiency, and only a particular degree of typological similarity
paired with a specific proficiency level leads to training of the in-
hibitory control skills. This tentative hypothesis is partially in line
with language control research by Brauer (1998). This study ex-
plored the effect of typological similarity on language control via the
within-language Stroop effect and the between-language Stroop ef-
fect in speakers of typologically similar languages (German-English)
and typologically dissimilar languages (English-Greek and English-
Chinese) in the classical Stroop paradigm. The within-language
Stroop effect refers to the differences in RTs between the con-
gruent and incongruent condition when the stimulus and response
languages are identical. On the other hand, the between-language
Stroop effect quantifies the differences in RTs between the congru-
ent and incongruent condition when the stimulus and response lan-
guages are different (Brauer, 1998; Marian et al., 2013; Van Heuven
et al., 2011). Critically, Brauer (1998) included low- and high-
proficient speakers to also explore the effect of proficiency on in-
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hibitory control performance. All three groups showed a within-
language and a between-language Stroop effect. On the one hand,
low proficiency in the non-native language was linked to larger
differences between the within-language and the between-language
Stroop effect across the native and non-native language, irrespect-
ive of typological similarity. On the other hand, highly proficient
speakers in the typologically dissimilar group were linked to lar-
ger within-language compared to between-language Stroop effects
in both the native and non-native language. Importantly, highly
proficient speakers in the typologically similar group showed no
difference between the within-language and the between-language
Stroop effect. Therefore, these results suggest that when the dif-
ference in proficiency levels is considerable (i.e., low proficiency in
the non-native language), the effect of typological similarity on lan-
guage control performance may be limited, potentially because the
amount of “training” of the inhibitory skills has not yet been suffi-
cient to elicit any typological similarity effects.

Given the strong link between language control and domain-
general inhibitory control (Bialystok et al., 2012; Declerck et al.,
2021; Festman et al., 2010), this argument could be applied to our
study: our Italian-Spanish and Dutch-Spanish speakers were late
language learners of Spanish who had a B1/B2 proficiency level in
Spanish. We therefore postulate that the difference in proficiency
between the native language (i.e., Italian or Dutch) and the non-
native language Spanish was too substantial to elicit a typological
similarity effect on inhibitory control performance, even at inter-
mediate B1/B2 proficiency levels. However, we anticipate that with
increasing non-native proficiency levels, a typological similarity ef-
fect on inhibitory control may be more pronounced. In view of this,
it may not be surprising that inhibitory control performance (i.e.,
the size of the Stroop effect) was statistically equal given that our
groups had highly comparable proficiency levels in their non-native
language Spanish. Thus, while our findings are not fully compatible
with the CRM framework proposed in the introduction (Stocco et
al., 2014), they suggest that at intermediate non-native proficiency
levels, the modulating role of typological similarity is not yet trace-
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able at the behavioural level.

A second interpretation of our results could be that manage-
ment of cross-language interference between two typologically sim-
ilar languages does not directly transfer to strengthening the net-
works underlying inhibitory control. While we know that speak-
ing multiple languages has a direct impact on language control
(Coderre et al., 2013; Coderre & Van Heuven, 2014; D. W. Green,
1998; D. W. Green & Abutalebi, 2013; Mosca & De Bot, 2017), this
may not generalise to broader executive functions such as inhibit-
ory control. Contrary to the predictions by the CRM (Stocco et al.,
2014), it may be the case that speaking typologically similar lan-
guages does not result in a quantitative difference in the amount of
training of executive functions over time compared to typologically
dissimilar languages. Therefore, the link between speaking typolo-
gically similar languages, language control and inhibitory control
needs to be more closely inspected in future studies, specifically,
the association between language control and inhibitory control.

Considering our compelling findings, the current study takes an
important step towards understanding the relative contribution of
typological similarity to inhibitory control performance. Taken to-
gether, our results suggest that typological similarity only plays a
limited role in modulating inhibitory control performance, already
at the stage when there is a moderate difference in proficiency levels
between the native and the non-native language. However, typo-
logical similarity may start to play a role only when non-native
proficiency becomes more native-like. Second, our findings further
suggest a more complex link between managing multiple languages
and more general inhibitory control skills. This could imply that
multilingualism primarily influences language control, but that it
has only limited effect on domain-general inhibitory control mech-
anisms. Therefore, our results have important implications for the
conceptualisation of the underlying processes of inhibitory control
and add novel evidence to the debate around the role of typological
similarity in inhibitory control performance.
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7.4.1 Conclusions

In this study, we used a spatial Stroop task to examine whether
and how inhibitory control performance measured via the Stroop
effect was modulated by typological similarity. We found that the
typologically dissimilar (Dutch-Spanish) group was faster in per-
forming the task compared to the typologically similar (Italian-
Spanish) group. This implied that the Dutch-Spanish group was
better at monitoring goal-related information throughout the task
compared to the Italian-Spanish group. Critically, this did not im-
pact the overall Stroop task performance. Instead, the size of the
Stroop effect, and in turn inhibitory control performance, were sim-
ilar across both groups, irrespective of typological similarity. There-
fore, our results suggest that typological similarity plays a limited
role in modulating inhibitory control performance, particularly in
intermediate proficient multilinguals with considerable differences
in proficiency between their L1 and non-native language(s).

7.4.2 Future directions

Our findings open new avenues to expand on current theor-
etical frameworks describing the impact of typological similarity
on inhibitory control. An emerging line of research could focus on
quantifying the degree of interference between typologically similar
vs. dissimilar languages and the consequences for language control
and/or inhibitory control. For this, future studies should investigate
first, language pairs with varying degrees of typological similarity,
second, include separate measures for both language control and
inhibitory control performance and, finally, recruit speakers of dif-
ferent proficiency levels to tease apart the potentially critical effects
of proficiency in modulating inhibitory control performance. Recent
years have also seen an increase in research on the neuro-cognition of
inhibitory control which combines behavioural measures with elec-
trophysiological and neuroimaging methods (Abutalebi et al., 2012;
Christoffels et al., 2007; Constantinidis & Luna, 2019; Grundy, An-
derson & Bialystok, 2017). Future studies in this area of research
should also incorporate both offline and online measures such as
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electroencephalography or fMRI measures to model the cognitive
and neural mechanisms underlying inhibitory control performance
in multilingual language processing.
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Appendix

7.A Linguistic profile: Italian-Spanish

group

Table 7.A.1: Linguistic profile of the Italian-Spanish group (N = 33)
according to the LEAP-Q (Marian et al., 2007).

L1 L2 L3 L4 L5 Total

Italian n = 33 33
Spanish n = 2 n = 18 n = 10 n = 3 33
English n = 27 n = 5 32
French n = 4 n = 8 n = 3 15
German n = 1 n = 2 3
Catalan n = 1 n = 1 2
Portuguese n = 3 3

Total 33 33 32 16 7
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7.B Linguistic profile: Dutch-Spanish

group

Table 7.B.1: Linguistic profile of the Dutch-Spanish group (N = 25) ac-
cording to the LEAP-Q (Marian et al., 2007).

L1 L2 L3 L4 L5 Total

Dutch n = 25 25
Spanish n = 9 n = 9 n = 7 25
English n = 23 n = 2 25
German n = 7 n = 7 14
French n = 1 n = 7 8
Portuguese n = 2 n = 2 4
Frisian n = 1 1
Japanese n = 1 n = 1 2
Italian n = 1 1
Mandarin n = 1 1

Total 25 25 25 19 12
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CHAPTER 8

Neural correlates of gender agreement processing

in Spanish: P600 or N400?

This article was submitted for review as: Von Grebmer Zu Wolfs-

thurn, S., Pablos-Robles, L., & Schiller, N. O. (2022). Neural correlates

of gender agreement processing in Spanish: P600 or N400?. Brain and

Language.

Abstract: The P600 component was previously established as
a robust index for syntactic processing, particularly with respect
to gender agreement violations. However, studies showing an N400
component for gender agreement violations in isolated noun-phrases
in Spanish challenge this particular interpretation. Here, we meas-
ured event-related potentials during a syntactic violation paradigm
to examine the neural correlates of gender agreement violations in
determiner-noun pairs in Spanish, e.g., ([*el nube] vs. [la nube] -
the cloud). Based on previous literature, we predicted larger P600
amplitudes for gender violations [*el nube] vs. correct pairs [la
nube]. However, we also probed a potential N400 component for
violations. We used generalised additive mixed models to flexibly
model voltage amplitudes over time. Results showed a P600 effect
for gender agreement violations compared to non-violations, but
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no evidence for an N400 effect. These results have critical implica-
tions for characterising the underlying neural correlates of gender
agreement processing in Spanish.

Keywords: native language comprehension, gender agreement vi-
olations, event-related potentials, P600 component, N400 compon-
ent, generalised additive mixed models

8.1 Introduction

Language comprehension is a remarkably complex process be-
cause it involves not one, but several simultaneous encoding and in-
tegration processes (Friederici et al., 2004; Nieuwland, 2019; Skeide
& Friederici, 2017; Sung, Yoo, Lee & Eom, 2017; Walenski, Europa,
Caplan & Thompson, 2019). To that end, studying imperfect or
“faulty” language input is fundamental in characterising the differ-
ent cognitive processes underlying language comprehension. Gram-
matical gender, the focus of this study, has been a particularly
suitable candidate for exploring these processing mechanisms and
the corresponding neural correlates, especially in the context of
gender agreement violation paradigms (Barber & Carreiras, 2005;
Beatty-Mart́ınez, Bruni, Bajo & Dussias, 2021; Hasting & Kotz,
2008; Neville, Nicol, Barss, Forster & Garrett, 1991; Osterhout &
Mobley, 1995). Grammatical gender (hereafter gender) operates as
a classification system for nouns (Corbett, 1991). It is considered
both an abstract lexical and syntactic feature (Cantone & Müller,
2008; Corbett, 1991; Schriefers & Jescheniak, 1999; Sá-Leite et al.,
2019). Spanish, the target language in our study, is characterised
by a two-value gender system with a masculine and feminine gender
value. Here, the definite determiner la marks the feminine gender
value, e.g., [laf nubef ] the cloud, whereas the definite determiner el
marks the masculine gender value, e.g., [elm librom] the book.

In this study, we examined the neural correlates of processing
gender agreement violations within determiner-noun phrases (here-
after NPs) such as [la nube] vs. [*el nube] in Spanish. For this, we
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combined a gender agreement violation paradigm with electroen-
cephalography (EEG) and event-related potentials (ERPs). The use
of ERPs has been paramount for characterising the neural correl-
ates of gender agreement, in particular within sentences (Friederici
et al., 1999; Kaan, 2007; Kotz, Holcomb & Osterhout, 2008; Os-
terhout & Nicol, 1999; Steinhauer & Connolly, 2008; Swaab et al.,
2011). However, as will be discussed below, the specific neural un-
derpinnings of processing gender agreement violations in isolated
NPs such as [la nube] vs. [*el nube] remain debated in the literature.
This is particularly the case for Spanish and for isolated determiner-
noun NPs that are examined outside of a sentence context. This is
a critical issue because it taps directly into the broader question
of whether gender agreement processing is qualitatively different
for isolated NPs compared to NPs within sentences. The follow-
ing sections provide an overview of the neural correlates of gender
agreement processing in NPs, with a particular focus on Spanish as
the target language in this study.

8.1.1 P600 and LAN effects for noun-phrase vi-
olations

Prior research has identified two primary ERP components rel-
evant to gender agreement processing in NPs: the P600 compon-
ent and the left anterior negativity (LAN) (Hasting & Kotz, 2008;
Swaab et al., 2011). The P600 component is a positive-going oscil-
lation associated with a broad topographic distribution in a time
window between 500 ms to 900 ms and with a peak around 600
ms post-event onset (Friederici et al., 1999; Osterhout & Holcomb,
1992; Steinhauer et al., 2009). Research also suggested that the
P600 component can be further divided into two functionally dif-
ferent stages: an early stage between 500 ms to 700 ms with a
broad topographic distribution linked to syntactic integration; and
a later stage between 700 ms to 900 ms with a centro-parietal to-
pographic distribution linked to syntactic re-analysis and repair
(Alemán Bañón et al., 2012; Barber & Carreiras, 2005; Hagoort &
Brown, 2000; Molinaro et al., 2008). The so-called P600 effect is
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reflected in higher voltage amplitudes for gender agreement viol-
ations compared to syntactically correct structures. For example,
using a probe verification task, Gunter et al. (2000) found higher
P600 voltage amplitudes in ungrammatical German sentences con-
taining a gender agreement violation at the determiner-noun level
such as in the example in [1], compared to grammatical sentences
as in the example in [2]. Similar P600 effects were also reported in
Italian by Molinaro et al. (2008) for gender agreement violations
at the determiner-noun level [3] compared to non-violations [4]; see
also Hagoort and Brown (1999) for comparable findings with Dutch
sentences. More relevant to this study, Barber and Carreiras (2005)
reported a P600 effect in Spanish for determiner-noun gender agree-
ment violations [5] compared to grammatical structures [6]; see also
Wicha et al. (2004) for similar findings in Spanish.

[1] Sie bereist *denm Landn auf einem kräftigen Kamel.

[She travels *them landn on a strong camel]

[2] Sie bereist dasn Landn auf einem kräftigen Kamel.

[She travels then landn on a strong camel]

[3] Le olive farcite con *laf peperonem sono ottime.

[The olives stuffed with *thef bell pepperm are excellent]

[4] Le olive farcite con ilm peperonem sono ottime.

[The olives stuffed with them bell pepperm are excellent]

[5] *Laf pianom estaba viejo y desafinado.

[*Thef pianom was old and off-key]

[6] Elm pianom estaba viejo y desafinado.
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[Them pianom was old and off-key].

The second component previously reported in the context of
gender agreement violations is the left anterior negativity (LAN).
It is a negative-going wave linked to a left anterior topographic
distribution between 300 ms and 500 ms, although some studies
also reported a broader distribution (Coulson, King & Kutas, 1998;
Kaan, 2007; Mart́ın-Loeches et al., 2005; Molinaro, Barber, Caf-
farra & Carreiras, 2015; Neville et al., 1991; Osterhout & Mobley,
1995; Padrón, Fraga & Acuña-Fariña, 2020). The LAN effect, i.e.,
more negative amplitudes for syntactic violations compared to non-
violations, is commonly interpreted as reflecting early automatic
syntactic processing. Subsequently, it was frequently reported as
a pre-cursor to the P600 effect to form a biphasic LAN/P600 pat-
tern in studies on gender agreement processing (Barber & Carreiras,
2005; Kaan, 2007; Molinaro et al., 2008; Steinhauer & Drury, 2012).
However, results have varied in that respect, with some studies fail-
ing to provide evidence for a LAN effect for gender agreement viol-
ations (Hagoort, 2003; Wicha et al., 2004). Therefore, the specific
circumstances under which a LAN effect is elicited in combination
with a P600 effect in gender agreement violation contexts are still
subject to debates, see Alemán Bañón et al. (2012) and Molinaro
et al. (2011) for discussions.

8.1.2 ERP effects for noun-phrase violation
processing in Spanish

The general consensus from the studies discussed above is that
the P600 component is a reflection of processes connected to ad-
vanced syntactic processing such as syntactic integration and struc-
tural re-analysis or repair, for example for processing gender agree-
ment violations in determiner-noun NP constructions (Hagoort et
al., 1993; Osterhout & Holcomb, 1992; Steinhauer & Drury, 2012).
In these studies, the P600 effect emerged when processing a gender
agreement violation [*elm nubef ] compared to [laf nubef ] the cloud
(Barber & Carreiras, 2005). Moreover, as pointed out before, the
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LAN effect can precede the P600 effect, indexing earlier syntactic
processes during gender agreement violation (Barber & Carreiras,
2005; Molinaro et al., 2008). However, this interpretation of the
P600 component and its relevance to gender agreement processing
is challenged by studies focusing on Spanish as the target lan-
guage and when the processing of isolated NPs instead of sentence-
embedded NPs is examined. For example, a study by Barber and
Carreiras (2003) investigated gender and number agreement viola-
tions in Spanish adjective-noun pairs. The following four conditions
were tested: a syntactic violation of gender [7], a syntactic violation
of number [8], a double syntactic violation of gender and number
[9], and a control condition [10]. Participants judged the grammat-
icality of each pair in this task after the noun and adjective were
shown sequentially on the screen.

[7] *farom−sg altaf−sg [*lighthousem−sg highf−sg]
[8] *farom−sg altosm−pl [*lighthousem−sg highm−pl]
[9] *farom−sg altasf−pl [*lighthousem−sg highf−pl]
[10] farom−sg altom−sg [lighthousem−sg highm−sg]

Results showed that the gender, number and the double-viola-
tion condition elicited more negative amplitudes compared to the
control condition between 300 ms and 500 ms post-stimulus on-
set in centro-parietal regions. This is a pattern consistent with the
so-called N400 effect. As one of the most well-studied ERP com-
ponents, the N400 component has been fundamental in contributing
to our current understanding of language processing (Kutas & Hill-
yard, 1980; Kutas & Federmeier, 2011; Swaab et al., 2011). Broadly
speaking, the N400 component has a negative oscillatory tendency
and is generally located in centro-parietal regions. It usually peaks
around 400 ms post-event onset, with a component latency between
300 ms and 500 ms (Kutas & Hillyard, 1980; Kutas & Federmeier,
2011; Lau et al., 2008; Molinaro et al., 2015; Van Petten, Kutas,
Kluender, Mitchiner & McIsaac, 1991). The N400 effect, i.e., more
negative voltage amplitudes for structures with semantic violations,
is typically reported for sentences such as “I take my coffee with
milk and *dog”, compared to semantically plausible sentences such



Neural correlates of gender agreement processing in Spanish: P600
or N400? 317

as “I take my coffee with milk and sugar” as shown in the seminal
study by Kutas and Hillyard (1980). Therefore, the findings from
Barber and Carreiras (2003) are unexpected in that they link the
N400 effect to processing gender agreement violations in isolated
adjective-noun pairs in Spanish, but not the P600 effect. Import-
antly, similar results were reported in a subsequent two-part study
by Barber and Carreiras (2005). In Experiment 1 of their study, the
authors explored gender and number violations in Spanish speakers
in isolated determiner-noun pairs such as the piano, and in noun-
adjective pairs such as tall lighthouse; the latter as examined in
Barber and Carreiras (2003). The design included a gender viola-
tion condition for determiner-noun pairs [11], a number violation
condition for determiner-noun pairs [12] and a control condition
[13]; and similarly, a gender violation condition for adjective-noun
pairs as [14], a number violation condition for adjective-noun pairs
[15] and a control condition [16].

[11] *laf−sg pianom−sg [*thef−sg pianom−sg]
[12] *losm−pl pianom−sg [*them−pl pianom−sg]
[13] el pianom−sg [them−sg pianom−sg]
[14] *farom−sg altaf−sg [*lighthousem−sg tallf−sg]
[15] *farom−sg altosm−pl [*lighthousem−sg tallm−pl]
[16] farom−sg altom−sg [lighthousem−sg tallm−sg]

Relevantly, in Experiment 2 from Barber and Carreiras (2005),
the authors embedded the determiner-noun pairs and adjective-
noun pairs in sentences. Example stimuli sentences were “*Laf−sg

pianom−sg estaba viejo y desafinado” [*Thef−sg pianom−sg was old

and off-key] for the gender violation condition for determiner-noun
pairs, and “*Elm−sg farom−sg es altaf−sg y luminoso” [*Them−sg

lighthousem−sg is tallf−sg and bright] for the gender violation con-
dition for adjective-noun pairs. In half of the trials, the violations
were placed at the beginning of the sentence, and in the middle
of the sentence for the remaining half of the trials. Results from
Experiment 1 revealed a broadly distributed N400 effect for the
violation conditions in centro-parietal regions between 300 ms and
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500 ms. This was in line with previous findings by Barber and Car-
reiras (2003). In contrast, results from Experiment 2 showed a LAN
effect for both pairs, followed by a P600 effect. Taken together, the
results from Experiment 1 do not support the involvement of the
P600 component in processing gender agreement violation in isol-
ated NPs. On the other hand, results from Experiment 2 favour
the classical interpretation of a biphasic LAN/P600 effect connec-
ted to gender agreement processing in NPs (Hagoort & Brown,
1999; Steinhauer & Drury, 2012).

In sum, most of the studies presented above yield relatively ho-
mogeneous findings: first, studies robustly yield the P600 effect for
gender agreement violations in a sentence context (Barber & Car-
reiras, 2005; Gunter et al., 2000; Hagoort et al., 1993), reflecting the
involvement of the P600 in syntactic processing. However, this gen-
eral interpretation of the P600 effect and its connection to gender
agreement processing is called into question by studies where the vi-
olation is in an isolated NP instead of a sentence context: studies on
gender agreement processing in isolated NPs such as [*laf pianom]
the piano in Spanish have been unique in that they yielded an N400
effect for agreement violations (Barber & Carreiras, 2003, 2005).
Therefore, and to expand on existing research on the neural correl-
ates of gender agreement violations in NPs in Spanish, we employed
a syntactic violation paradigm with NPs containing a violation at
the determiner-noun level. In this, our study has important implic-
ations for the neural underpinnings of processing gender agreement
violations in Spanish: we first explored whether there were differ-
ent ERP components linked to gender processing in isolated NPs;
and second, we investigated whether the P600 component was the
primary ERP component linked to gender agreement violation pro-
cessing in both isolated NPs and NPs within a sentence context, or
whether the N400 effect was also at play. In this, we also probed
for the presence of a LAN effect.
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8.1.3 The current study

The focus of the current study was to explore the EEG signal un-
derlying the processing of gender agreement violations within NPs
in Spanish. More specifically, we probed the elicitation of the P600
effect for gender agreement violations compared to non-violations,
as well as LAN and N400 effects. Here, we employed a syntactic vi-
olation paradigm and presented participants with determiner-noun
NPs that were either correct, i.e., non-violations (laf nubef [the
cloud]) or incorrect, i.e., violations (*elm nubef ), while we measured
their EEG. We specifically opted for NPs to exclusively focus on the
ERP components linked to the processing of syntactic violations in
the absence of sentence-related contextual effects. In addition, we
asked participants to fill in the LEAP-Q, which is a language profi-
ciency and experience questionnaire used to describe participants’
linguistic profile (Marian et al., 2007). This was done to accurately
capture their exposure to other languages besides Spanish because
participants were tested in a non-native environment. Participants
also completed the LexTALE-Esp, a Spanish vocabulary size task
(Izura et al., 2014) which we used as a covariate in the analyses.

Research questions and hypotheses

The main research question of this study was the following: what
are the ERP components linked to the processing of syntactically
correct vs. incorrect Spanish NPs in Spanish native speakers? Beha-
viourally, we predicted higher accuracy and shorter response times
(RTs) for non-violation trials compared to violation trials. More
importantly, based on the previous literature, we predicted that vi-
olations would elicit more positive P600 amplitudes compared to
non-violations, thereby generating a P600 effect. Further, and to be
consistent with results from prior studies, we investigated whether
the P600 component was elicited as an isolated effect, within a
biphasic LAN/P600, or if instead we found evidence for an N400
effect. A LAN effect would be reflected in more negative amplitudes
for violations compared to non-violations in left anterior regions,
whereas an N400 effect would be reflected in more negative amp-
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litudes for violations compared to non-violations in centro-parietal
regions.

8.2 Methods

8.2.1 Participants

We recruited 40 native Spanish speakers (28 females) for this
study, in line with previous work (Barber & Carreiras, 2005; Von
Grebmer Zu Wolfsthurn et al., 2021a). Participants were between
18 and 35 years old with M = 28.00 years of age (SD = 3.92). Eli-
gibility criteria included the absence of psychological or neurological
disorders, no language or reading impairments, no second language
learnt before the age of three, normal or corrected-to-normal vision
and hearing and right-handedness. Using the LEAP-Q, we determ-
ined that all participants acquired at least one additional language
to Spanish at the time of testing. See Appendix 8.A for an overview
of the languages acquired by the participants. For the analyses, we
included a total of 34 participants, 22 of which were female (see sec-
tion 8.3.3 for data exclusion). Mean age of the included participants
was M = 27.85 years (SD = 3.93). On average, participants started
acquiring Spanish at M = 0.265 years of age (SD = 0.567). They
reported being fluent in Spanish at M = 3.40 years of age (SD =
1.85), and started reading in Spanish around M = 4.87 years of age
(SD = 1.59) before reaching reading fluency at M = 6.90 years of
age (SD = 1.62). Participants’ daily exposure to Spanish was M =
41% (SD = 17.34) compared to M = 43.64% (SD = 17.48) for their
first foreign language (L2) and M = 13.38% (SD = 17.33) for their
second foreign language (L3). Self-reported proficiency in Spanish
was M = 9.82 (SD = 0.459) for oral production, M = 9.91 (SD
= 0.288) for aural comprehension and M = 9.85 (SD = 0.359) for
written comprehension on a scale from one to ten (ten indicating
the highest proficiency).
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8.2.2 Materials and design

Stimuli for the LexTALE-Esp were identical as described in
Izura et al. (2014), with the difference that we converted the manual
version of this task into an E-prime2 script (Schneider et al., 2002).
The stimuli for the syntactic violation paradigm consisted of 224
highly frequent Spanish nouns and their corresponding definite de-
terminers. The stimuli nouns were selected from the MultiPic data-
base (Duñabeitia et al., 2018) and the Spanish Frequency Diction-
ary (Davies & Davies, 2017). Nouns followed a balanced mascu-
line:feminine gender value ratio and were controlled for frequency
and syllable length.

8.2.3 Procedure

Before the experimental session, participants were instructed to
complete the LEAP-Q (Marian et al., 2007), for which the results
were reported in section 8.2.1. The experimental session took place
at the Leiden University Linguistics Laboratories. At the begin-
ning of the session, we provided participants with an information
sheet in Spanish and the opportunity to ask questions. Next, in
compliance with the ethics code for linguistics research at the Fac-
ulty of Humanities at Leiden University, participants were asked to
fill out a consent form. During the session, participants completed
the LexTALE-Esp to determine their vocabulary size in Spanish
(Izura et al., 2014) and the syntactic violation paradigm. For both
tasks, we placed participants in front of a computer screen inside a
shielded EEG booth. Participants were instructed to sit as still as
possible and to avoid any unnecessary contamination of the EEG
signal. The response device was a Chronos® box (Psychology Soft-
ware Tools, Inc). We provided oral and written instructions prior
to each task. After completing the session, participants signed the
final consent form before receiving a debrief form and a monetary
compensation.
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LexTALE-Esp

Participants were asked to make a lexical decision whether the
letter string displayed on the screen corresponded to a Spanish word
or a pseudoword, identical to what was described in Von Grebmer
Zu Wolfsthurn et al. (2021a). Following the display of a fixation
cross for 500 ms, the letter string remained on the screen until
the participant’s response. Post-task, we computed LexTALE-Esp
vocabulary size scores (LexTALE-Esp score) to account for poten-
tial differences in terms of vocabulary during the analyses (Izura
et al., 2014). Mean LexTALE-Esp scores were M = 77.73 (SD =
18.87), with a maximal score of 100.

Syntactic violation paradigm

We closely modelled this task procedure after earlier work by
Von Grebmer Zu Wolfsthurn et al. (2021a) and recorded parti-
cipants’ EEG signal during this task. The core feature of the task
was the visual presentation of an NP on the screen. Each NP con-
sisted of a determiner and a noun in Spanish. Half of the NPs
contained the correct determiner (non-violation trials), whereas the
other half contained the incorrect determiner (violation trials). In a
typical trial, participants first saw a black fixation cross for 1,000 ms
on the white computer screen. Next, participants saw a single noun
(e.g., nube [cloud]) in the centre of the screen. Participants were
first instructed to indicate via button press if they were familiar
with the noun to check for participants knowledge of the word. The
noun was displayed until participant’s response. Next, we showed
participants another fixation cross for 500 ms. Then, participants
were exposed to an NP (e.g., la nube [the cloud]). Participants had
to indicate via button press whether the NP was correct. The NP
remained on the screen until participants’ response, or until the re-
sponse limit of 3,000 ms was reached (Figure 8.2.1). In the latter
case, we automatically coded the trial as incorrect. The experi-
menter did not provide feedback during the task. Each NP was
only presented once during the task. There were 112 non-violation
trials and 112 violation trials, adding to the total of 224 trials.
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At regular intervals of 40 trials, we implemented self-paced breaks
to restore participants’ engagement with the task. Furthermore, we
reminded participants via the presentation of an additional instruc-
tion screen after one third and two thirds of the trials to respond as
accurately and fast as possible. Prior to initiating the main exper-
iment, participants completed a practise round consisting of eight
practise trials to get familiar with the procedure and to ask any
clarification questions.

Figure 8.2.1: Trial sequence for the syntactic violation paradigm, with
an example for a non-violation trial on the left and an example for a
violation trial on the right. Note that the prompts in this figure were
translated to English for convenience.
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EEG recordings

We measured the EEG signal via 32 Ag/AgCI active channels
arranged according to the international 10/20 montage by BioSemi,
see Appendix 8.B. In addition, we used six external channels: two
channels were attached to the outer canthus of the left and the
right eye, respectively, to measure the horizontal electrooculogram
(HEOG); two channels were attached above and below the left eye
of participants to measure the vertical electrooculogram (VEOG);
and finally, two channels were attached to the mastoid bone behind
the left and right ear. All channels were referenced online at the
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Common Mode Sense (CMS), while the Driven Right Leg (DRL)
was used to capture ground circuit noise. We used the ActiView
software (ActiView806-Lores) by BioSemi to configure the channels’
impedances below 15 kΩ and to then generate the EEG recordings.
The sampling frequency was 512 Hz, resulting in voltage amplitudes
being measured approximately every 1.96 ms. The EEG signal was
measured continuously during the syntactic violation paradigm.

8.3 Results

8.3.1 Behavioural data exclusion

We excluded the same participants in these analyses as in the
EEG analysis, see section 8.3.4.

8.3.2 Behavioural data analysis

For our behavioural data, we followed a generalised linear mixed
effects model (GLMM) approach to model our outcome variables
accuracy and RTs using the lme4 package (Bates et al., 2020) in R,
Version 4.1.2, and in RStudio, Version 2021.09.0 (R Core Team,
2020). We specified a binomial distribution for accuracy, and a
gamma distribution with the identity link function for RTs (Lo
& Andrews, 2015). For RTs, we only modelled correct trials. For
both accuracy and RTs, we considered violation type (violation vs.
non-violation) in the fixed effects structure, as well as LexTALE-
Esp scores, noun gender and terminal phoneme as covariates. For
the random effects structure, we included random intercepts for
participant and item, as well as by-participant random slopes for
the effect of violation type.

For the model fitting procedure, we first constructed a theor-
etically plausible maximal model for each outcome variable with a
maximal random effects structure as supported by our data (Barr,
2013; Matuschek et al., 2017). In the case of singular fit or non-
convergence of our maximal model, we simplified our random effects
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structure. We used the default treatment contrast as our baseline for
all models. The models for accuracy were fitted via the Laplace ap-
proximation and the models for RTs were fitted using the maximum
likelihood (ML) method for reasons of model comparison. However,
the final model for RTs was refitted using the restricted maximum
likelihood (REML) method (Mardia et al., 1999). After model con-
vergence, we checked the correlation structure between fixed effects
using the vcov() function and kappa.mer() from the JGmermod
package (Grafmiller, 2020) to identify potentially problematic col-
linearity in our fixed effects structure. We also performed model
diagnostics to check our residual patterns using the simulateResid-
uals() function from the DHARMa package (Hartig, 2020).

After a positive evaluation of the model diagnostics, we checked
for the statistical relevance of our covariates to avoid over-fitting
our model. For this, we systematically compared models with and
without a particular covariate term using the anova() function. In-
significant contribution of a covariate to the model fit was reflected
in a non-significant χ2-test and virtually identical Information Cri-
terion values (AIC and BIC) for the two models (Akaike, 1974;
Neath & Cavanaugh, 2012). Subsequently, the covariate was ex-
cluded from the model fitting procedure. However, if there was a
significant difference in model fit as reflected in significantly smal-
ler AIC and BIC values across models, the covariate was included
in the model. For model parameters, we interpreted absolute test-
statistic values larger than 1.96 as statistically significant (Alday
et al., 2017). We obtained p-values using the lmerTest package
(Kuznetsova et al., 2020). Model parameters for accuracy are re-
ported as odds ratios, and all model parameters can be found in
the Appendix.

8.3.3 Behavioural data results

Mean accuracy and RTs by violation type are displayed in Table
8.3.1.



326 From oscillations to language

Table 8.3.1: Mean accuracy and RTs by violation type (n = 34).

Violation type Accuracy (%) SD RTs (ms) SD

non-violation 97.62 15.24 822.47 362.80
violation 96.05 19.48 858.16 340.79

Difference 1.57 35.69

Accuracy

For accuracy, the model including by-participant random slopes
for violation type yielded singular fit. We therefore dropped the
random slopes from the model. Next, we excluded terminal phon-
eme from the fixed effects structure due to non-convergence of the
model. The model of best fit included violation type as fixed effect,
as well as LexTALE-Esp and noun gender as covariates. Further,
we included random intercepts for participant and item. Therefore,
the best-fitting models was the following: accuracy ∼ violation type
(violation vs. non-violation) + LexTALE-Esp + noun gender (fem-
inine vs. masculine) + (1|participant) + (1|item). Critically, par-
ticipants were significantly more accurate for non-violation trials
compared to violation trials with β = 0.589, 95% CI [0.434, 0.800],
z = -3.39, p = 0.001. See Figure 8.3.1 for a visualisation of these
results, and Appendix 8.C for detailed model specifications.
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Figure 8.3.1: Mean accuracy for each violation type (n = 34).
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For RTs, we dropped the covariate terminal phoneme from the
maximal model due to non-convergence. Further, noun gender did
not significantly improve the model fit. The best-fitting model con-
tained violation type as fixed effect, as well as LexTALE-Esp as a
covariate. In addition, we included a by-participant random slope
for violation type, and random intercepts for item. The best-fitting
model was: RTs ∼ violation type (violation vs. non-violation) +
LexTALE-Esp + (violation type|participant) + (1|item). Here, par-
ticipants were statistically faster for non-violation trials compared



328 From oscillations to language

to violation trials, with β = 33.80, 95% CI [26.25, 41.35], t = 8.77, p
< 0.001. See Figure 8.3.2 for a visualisation of the results, and Ap-
pendix 8.D for detailed model specifications. Taken together, these
behavioural results match the accuracy data and imply a significant
effect of violation type on both accuracy and RTs, in line with our
predictions.

Figure 8.3.2: Mean response times for each violation type (n = 34).
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8.3.4 EEG data exclusion

One EEG dataset was excluded prior to data pre-processing due
to a failure of the participant at following the task instructions; and
another for a technical recording failure. Further, we established
criteria for inclusion in the subsequent statistical analyses. First,
we only included trials where participants had indicated that they
were familiar with the stimulus noun. Second, we only modelled
the EEG signal for correct trials, i.e., where participants had made
a correct grammatical judgment on a non-violation or a violation
trial. Third, trials which contained an artefact (muscle contractions,
jaw movements, etc.) were excluded from any further analysis. Fi-
nally, heavily contaminated datasets (i.e., more than 30% trials lost
to artefacts) were not included in further statistical analysis (see
Appendix 8.E for by-violation type trial exclusion rates for familiar
and correct trials). After application of these criteria, four datasets
were excluded, adding to a total of 34 included participants. We
excluded the same participants in the behavioural analyses as in
the EEG analyses.

8.3.5 EEG data pre-processing

Prior to the statistical analyses of our EEG data, we first per-
formed EEG data pre-processing to increase the signal-to-noise ra-
tio using BrainVision Analyzer (Brain Products, GmbH, Munich).
First, we re-referenced the signal from the implicit reference chan-
nel to the average of the two mastoid channels. Next, we separately
performed linear derivation for the two VEOG and HEOG chan-
nels to derive a single VEOG and HEOG channel. We applied offline
high-pass filters of 0.1 Hz and at low-pass filters of 30 Hz before we
performed residual drift correction for the newly generated VEOG
and HEOG channels. In this, we defined a maximum amplitude of
±200 µV for the HEOG channel, and ±800 µV for the VEOG chan-
nel. Then, we corrected for blink activity using ocular independent
component analysis (ICA). Next, we performed artefact rejection
to mark bad intervals using the following criteria: for the gradient,
we allowed a maximal voltage step of 50 µV/ms, a maximal differ-
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ence in 100 ms - intervals of 200 µV; maximal amplitudes of ± 200
µV, and the lowest allowable amplitude in 100 ms - intervals of 0.5
µV. As a final step, we generated epochs around stimuli markers
from familiar and correct trials from -200 ms pre-event to 1,200
ms post-event. We applied baseline correction to each segment us-
ing the activity 200 ms pre-event as baseline. We then exported
the voltage amplitudes for each uncontaminated segment for each
channel and each participant. We exported a total of 32 channels:
Fp1, Fp2, AF3, AF4, Fz, F3, F4, F7, F8, FC1, FC2, FC5, FC6,
Cz, C3, C4, CP1, CP2, CP5, CP6, T7, T8, Pz, P3, P4, P7, P8,
PO3, PO4, Oz, O1 and O2. Post-export, we used the BVAtoR
package (Bonneville, 2020) to combine the information from the
three default export files (.dat file, .vmrk file and .vhdr file) into a
customised data frame containing voltage amplitudes for each time
point, channel, violation type and participant as well as the covari-
ates. Finally, each channel was assigned to one of nine topographic
regions: left anterior, mid anterior, right anterior; left central, mid
central, right central; and finally, left posterior, mid posterior and
right posterior regions.

8.3.6 EEG data analysis

A typical approach to analyse ERP data is to generate a pri-
ori hypotheses about the region of interest (ROI), i.e., where to
expect task-relevant effects; and the time window of interest, i.e.,
when to expect task-related effects (Friederici et al., 1999; Wicha
et al., 2004). In this study, we took a more data-driven approach
which allowed us to flexibly model our EEG data without mak-
ing assumptions about these two parameters. First, we performed
a cluster-based permutation analysis to identify a potential ROI.
Second, we used generalised additive mixed models (GAMMs) to
model voltage amplitudes over time and to determine a time win-
dow of interest for our effects. Upon termination of these analyses,
we further explored whether or not this approach would yield com-
parable ROIs and time windows of interest compared to the pre-
vious literature (Friederici et al., 1999; Kutas & Federmeier, 2011;
Mart́ın-Loeches et al., 2005; Osterhout & Mobley, 1995; Wicha et
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al., 2004).

To determine our ROI, we conducted a permutation analysis us-
ing the permu.test() function from the permutes package (Voeten,
2019) in R. In this, we calculated F-values to reflect differences in
voltage amplitudes as a function of violation type for each chan-
nel (Maris & Oostenveld, 2007; Voeten, 2019). See Figure 8.3.3 for
a visualisation of the permutation analysis outcome. In line with
the previous literature, visual inspection of the outcome sugges-
ted centro-parietal channels as potential ROI around 600 ms, as
we would expect for an N400 or a P600 effect. Based on this out-
come, we selected the channels CP1, CP2, CP5, CP6, Pz, P3, P4,
PO3 and PO4 in bilateral centro-parietal regions to model poten-
tial N400 and P600 effects. Notably, the outcome did not suggest
any significant voltage amplitude modulation prior to this time win-
dow, as we would have expected for a LAN effect. Nevertheless, we
also probed the presence of the LAN in a separate statistical ana-
lysis.
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Figure 8.3.3: Permutation analysis outcome for n = 34. Larger F-values
are shown in darker colours and denote an increased likelihood for a
statistically relevant effect of our manipulations on voltage amplitudes.
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Next, to determine our time window of interest, we used a
GAMM approach. GAMMs have only recently been applied in ERP
research on language processing mechanisms (De Cat et al., 2015;
Meulman et al., 2015; Tremblay & Newman, 2015). They represent
an extension of (generalised) linear mixed models (LMMs) and have
the primary advantage of allowing researchers to flexibly model
the complex oscillatory trend of voltage amplitudes over time. This
is done via the inclusion of non-linear terms, so-called (penalised)
splines or smooths, alongside the linear terms. Non-linear terms
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are described in terms of a set number of so-called basis functions.
These are automatically determined depending on the complexity
of the effect of the non-linear term. Moreover, GAMMs are partic-
ularly powerful because of the maximum likelihood estimation to
calculate unbiased model parameters for the full dataset, even in the
case of missing data. Importantly, this is based on the assumption
that data are missing at random (MAR) or completely at random
(MCAR). GAMMs also allow for the inclusion of by-participant
and by-item effects in the form of random slopes and random in-
tercepts. Note that this is also featured in LMMs, see Frömer et
al. (2018). Given our data, we determined that GAMMs were a vi-
able approach to model ERP effects of violation type. Moreover, we
were particularly curious about the predictive power of our models
to determine potential time windows of interest. Therefore, we first
performed a GAMM analysis using the ROI previously determined
in our permutation analysis to explore potential P600 effects. Then,
we conducted a similar analysis for the LAN based on a pre-defined
ROI based on the literature, given that the permutation analysis
did not yield any concrete ROI for LAN effects.

Both EEG analyses for the P600 and the LAN were modelled
after previous work by Meulman et al. (2015) and De Cat et al.
(2015). We followed a GAMM approach in R using the mgcv pack-
age (Wood, 2021). Here, we used the bam() function for large data-
sets. Our model fitting procedure was as follows: We constructed a
theoretically plausible model which included voltage amplitudes as
outcome variable, time as non-linear term, violation type as ordered
linear term, channel as covariate, the interaction effect between
time and violation type, and between time and channel, as well as
random intercepts for participant and item, random slopes for the
effect of violation type, channel and time for each participant, and a
random slope for time for each item. To avoid over-fitting the model,
we initially opted to fit a more simplistic model for which we omit-
ted any additional covariates from the fitting procedure. The model
was fitted using fast restricted maximum likelihood (fREML) estim-
ation. After fitting the model, we used the function gam.check() to
inspect the model fit and the model residuals, and to identify any
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potential issues related to the number of basis functions, concurvity
(similar to collinearity for linear models) or influential data points.
The model was first fitted using a Gaussian distribution, but inspec-
tion of the residual distribution revealed heavy tails in the residual
histogram and quantile-quantile plots. We therefore re-fitted the
model using a scaled t-distribution with the identity link function
on the response scale (Meulman et al., 2015). We also checked for
spatial and temporal autocorrelation in the model’s residuals and
applied a correction via the ρ parameter for AR1 error, if applicable
(Baayen, Vasishth, Kliegl & Bates, 2017; De Cat et al., 2015; Meul-
man et al., 2015). As a final step, we plotted the model’s predicted
differences using the plot diff() function from the itsadug package
(Van Rij et al., 2020). This function includes simulation-based cal-
culations on the statistical difference in voltage amplitudes between
the non-violation and violation trials.

8.3.7 EEG data results

P600 results

We visualised mean voltage amplitudes for non-violation and
violation trials in centro-parietal channels indicated in the per-
mutation test (CP1, CP2, CP5, CP6, Pz, P3, P4, PO3, PO4) in
Figure 8.3.4. Visual inspection of the first 200 ms post-stimulus on-
set showed the characteristic early visual processing response in the
form of the P1/N2 complex (Bakos et al., 2020; Gamboa Arana et
al., 2020). This is followed by a large positive-going oscillation with
diverging voltage amplitudes for non-violation and violation trials
starting around 450 ms post-stimulus onset and peaking around
650 ms. This signal is consistent with the characteristics of a P600
component and potentially a P600 effect, but not an N400 com-
ponent in this ROI. Mean voltage amplitudes subsequently con-
verged around 800 ms post-stimulus onset following a downward
oscillatory trend. The full complexity of the data is reflected in
by-participant means for violation type in Figure 8.3.5. As evident
from both figures, voltage amplitudes changed dynamically over
time, which cannot easily be modelled with a conventional LMM
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(Meulman et al., 2015). In contrast, GAMMs can accurately cap-
ture this dynamic change, while avoiding the generation of a priori
assumptions about the time window of interest.

Figure 8.3.4:Mean voltage amplitudes by violation type in centro-parietal
regions (CP1, CP2, CP5, CP6, Pz, P3, P4, PO3, PO4) for n = 34.
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Figure 8.3.5:Mean voltage amplitudes by violation type in centro-parietal
regions (CP1, CP2, CP5, CP6, Pz, P3, P4, PO3, PO4) for n = 34.
The thicker lines represent average voltage amplitudes by violation type,
whereas the finer lines represent by-violation type averages for each par-
ticipant.
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Model parameters for linear and non-linear (smooth) terms are
reported in Appendix 8.F. Critically, the model yielded a significant
interaction effect of violation type and time with F = 3489.47, p
< 0.001 for non-violation trials compared to violation trials. This
indicated a statistical difference in voltage amplitude between non-
violation and violation trials over time. We visualised this predicted
difference in voltage amplitudes between non-violation trials and
violation trials in Figure 8.3.6. Voltage amplitudes were significantly
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higher for violation trials compared to non-violation trials in the
time window between 464 ms and 761 ms, thereby reflecting a P600
effect. This time window of the effect is highlighted by the dashed
vertical lines and the bold line along the x-axis in Figure 8.3.6.
Importantly, this time window of our P600 effect by the model is
consistent with previous reports on the temporal locus of the P600
effect (Friederici et al., 1999; Osterhout & Mobley, 1995).

Figure 8.3.6: Predicted differences in voltage amplitudes (µV) for viol-
ation and non-violation trials for channels CP1, CP2, CP5, CP6, Pz,
P3, P4, PO3 and PO4 (n = 34.). Note that random effects are excluded
here.
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Channel emerged as a significant covariate. We also included
random slopes and random intercepts for by-participant and by-
item effects. The fitted model was the following: voltage amplitudes
∼ violation type + channel + s(time) + s(time, by = violation
type) + s(time, by = channel) + s(participant, channel, bs = “re”)
+ s(participant, violation type, bs = “re”) + s(participant, time,
bs = “re”) + s(participant, bs = “re”) + s(item, time, bs = “re”) +
s(item, bs = “re”). Further, the model captured a variance of 7.59%,
which is relatively low but not unusual given the large individual
variability in the EEG signal (Meulman et al., 2015). Finally, we
plotted the average voltage amplitudes for each participant for vi-
olation type as predicted by our model in Figure 8.3.7. The thicker
lines represent the predicted means for each violation type, and the
remaining lines represent the predicted means for each participant.
See Appendix 8.F for the full model parameters.
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Figure 8.3.7: Predicted mean voltage amplitudes (µV) for violation and
non-violation trials for each participant for channels CP1, CP2, CP5,
CP6, Pz, P3, P4, PO3 and PO4 (n = 34). Note that random effects are
excluded here.
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LAN results

The permutation analysis outcome in Figure 8.3.3 did not sug-
gest a difference in voltage amplitudes for violation type in a time
window prior to the P600 effect, as would be expected for a LAN
effect. Nevertheless, we examined the effect of violation type on
voltage amplitudes in left anterior regions. Based on previous liter-
ature, we selected the channels Fp1, AF3, F3 and F7 as our ROI
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(Mart́ın-Loeches et al., 2005; Molinaro et al., 2015). We then per-
formed an identical analysis as described above. See Figure 8.3.8
for a visualisation of mean voltage amplitudes over time and Fig-
ure 8.3.9 for mean voltage amplitudes for each participant for vi-
olation type. The visualisation of voltage amplitudes revealed a
positive-going peak around 200 ms post-stimulus onset, followed
by a decrease in voltage amplitudes back to baseline around 300
ms. Voltage amplitudes then follow a positive trend, briefly diver-
ging around 450 ms and converging around 700 ms post-stimulus
onset.

Figure 8.3.8: Mean voltage amplitudes by violation type for left anterior
regions (Fp1, AF3, F3, F7) for n = 34.
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Figure 8.3.9: Mean voltage amplitudes by violation type for left anterior
regions (Fp1, AF3, F3, F7) for n = 34. The solid line represents average
voltage amplitudes by violation type, whereas the finer lines represent by-
violation type averages for each participant.
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The interaction effect between the smooth term time and viola-
tion type was significant with F = 413.48, p < 0.001. This implies
a statistical difference in voltage amplitudes between violation tri-
als and non-violation trials over time. We visualised this in Figure
8.3.10, which shows more positive voltage amplitudes for violation
trials compared to non-violation trials between 506 ms and 648
ms post-stimulus onset. However, previous studies reported more
negative amplitudes to violation trials compared to non-violation
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trials around 300 ms to 500 ms post-stimulus onset (Kaan, 2007;
Molinaro et al., 2015). We therefore argue that these results are not
compatible with a traditional LAN effect, as we will expand on in
detail in the discussion section.

Figure 8.3.10: Predicted differences in voltage amplitudes (µV) for viol-
ation and non-violation trials for channels Fp1, AF3, F3 and F7 (n =
34.). Note that random effects are excluded here.
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Similar to the P600 analysis, channel had an effect on voltage
amplitudes and was included as a covariate, as were the random
intercepts and random slopes for participant and item effects. The
fitted model was as follows: voltage amplitudes ∼ violation type
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+ channel + s(time) + s(time, by = violation type) + s(time,
by = channel) + s(participant, bs = “re”) + s(participant, vi-
olation type, bs = “re”) + s(participant, channel, bs = “re”) +
s(participant, time, bs = “re”) + s(item, bs = “re”) + s(item, time,
bs = “re”). This model captured 4.22% of the variance. Predicted
by-participant means are shown in Figure 8.3.11, with the thicker
lines representing mean voltage amplitudes by violation type. See
Appendix 8.G for the full model parameters.

Figure 8.3.11: Predicted mean voltage amplitudes (µV) for violation and
non-violation trials for each participant for channels Fp1, AF3, F3 and
F7 (n = 34). Note that random effects are excluded here.
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8.4 Discussion

The primary contribution of this study was the exploration of
the neural correlates linked to processing gender agreement viol-
ations in Spanish. There has been a controversy with respect to
the elicited ERP effects: on the one hand, several studies involving
gender agreement violations in sentence-embedded NPs embedded
found P600 effects (Barber & Carreiras, 2005; Gunter et al., 2000;
Kaan, Harris, Gibson & Holcomb, 2000; Molinaro et al., 2008;
Wicha et al., 2004). On the other hand, studies on Spanish repor-
ted N400 effects for gender agreement violations in NPs outside of
a sentence context (Barber & Carreiras, 2005, 2003). These specific
findings challenged the classical interpretation of the P600 effect
as being linked to gender agreement violations, at least for Span-
ish. Instead, they put forward the N400 effect as an alternative
candidate, which warranted a thorough investigation. Therefore,
our study aimed to examine first, the ERP components connec-
ted to processing gender agreement violations in NPs such as [*el
nube] compared to grammatical NPs such as [la nube]; and second,
whether the P600 component indeed played a significant role in
gender violation processing in isolated NPs in Spanish. For this, we
recorded participants’ EEG while they judged the grammaticality
of determiner-noun NPs, e.g., [la nube] in Spanish. We not only
probed P600 effects and N400 effects, but also a potential LAN
effect, which is frequently reported in combination with the P600
effect for these types of syntactic violations (Barber & Carreiras,
2005; Molinaro et al., 2015; Steinhauer & Drury, 2012). Moreover,
to explore non-linear effects within the EEG data, we examined
non-linear oscillations in voltage amplitudes over the entire seg-
ment length using generalised additive mixed models, GAMMs to
determine a time window of interest for our effects (Meulman et
al., 2015). This is a suitable approach to analysing complex EEG
data as it does not require a priori hypothesising of a time window
of interest for a given ERP component (Meulman et al., 2015).

For the behavioural measures of accuracy and RTs, we predicted
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higher accuracy and shorter RTs for non-violation trials compared
to violation trials. This would reflect differential processing of syn-
tactically correct vs. incorrect NPs. In line with our predictions, res-
ults showed that participants were statistically both more accurate
and faster at making a grammaticality judgement for non-violation
trials compared to violation trials (Friederici et al., 1999; Neville
et al., 1991). Therefore, these results indeed suggest an overall pro-
cessing advantage for syntactically correct vs. incorrect structures,
even when the speakers are tested in a non-native environment.

For ERPs, we first investigated a potential P600 effect. This
would be reflected in more positive voltage amplitudes for viola-
tion compared to non-violation trials (Barber & Carreiras, 2005;
Hagoort et al., 1993). Moreover, we examined a potential LAN ef-
fect and N400 effect, which are typically reflected in more negative
voltage amplitudes for violation trials compared to non-violation
trials. We conducted two analyses on different ROIs: one analysis
for centro-parietal regions to examine the P600 effect and the N400
effect, and one analysis for left anterior regions to investigate a
LAN effect. The ROI for the first analysis was derived from the
permutation analysis, whereas the ROI for the second analysis was
based on previous literature. For the first analysis, the critical find-
ings were the following: first, we found more positive voltage amp-
litudes for violation trials than for non-violation trials between 464
ms and 761 ms post-stimulus onset for the centro-parietal channels
CP1, CP2, CP5, CP6, Pz, P3, P4, PO3 and PO4. This is an index
for the classical P600 effect for gender agreement violations at the
determiner-noun level in Spanish. This finding adds to the evidence
of the crucial involvement of the P600 component in syntactic in-
tegration and repair processes not only for sentence-embedded NP
violations, but also for isolated NPs in Spanish (Hagoort et al.,
1993; Osterhout & Nicol, 1999). Second, we did not find evidence
for an N400 effect, neither in the permutation analysis nor in the
statistical analysis: our data showed that voltage amplitudes were
comparable for both violation and non-violation trials over time un-
til the onset of the P600 effect at 464 ms, thereby not yielding an
N400 effect. Therefore, this finding contrasts with previous studies
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on gender agreement violations in isolated NPs in Spanish (Barber
& Carreiras, 2003, 2005).

As discussed in the introduction, previous literature highlighted
the crucial involvement of the P600 component in processing gender
agreement violations in NPs within sentences across several lan-
guages. However, the N400 component was also put forward as
an alternative critical ERP component for gender agreement pro-
cessing, see for example Barber and Carreiras (2005) and Barber
and Carreiras (2003). These previous findings and their implications
were highly relevant to the current study because they suggested
that there may be a measurable difference in processing gender
agreement violations in isolated NPs vs. NPs embedded within sen-
tences. By extension, the ERP correlates may differ depending on
whether there the violation is embedded within a sentence con-
text. Returning to the overarching question we asked in this study
about whether gender agreement violations within isolated NPs eli-
cited different ERP components compared to violations within NPs
embedded in a sentence reported in the literature, our results do
not support this notion. More specifically, our results demonstrated
that P600 effects are linked to gender agreement violations in isol-
ated NPs. Therefore, the findings from the current study suggest
similar neural signatures for processing gender agreement violations
in isolated NPs as previously reported for sentence-embedded NPs
(Barber & Carreiras, 2005; Gunter et al., 2000; Molinaro et al.,
2008).

With respect to the second analysis performed to probe a poten-
tial LAN effect, we found that voltage amplitudes were significantly
different for violation compared to non-violation trials between 506
ms to 648 ms post-stimulus onset for channels Fp1, AF3, F3 and
F7. More specifically, we found more positive amplitudes for vi-
olation trials compared to non-violation trials. This is in contrast
with previous research suggesting a time window of interest for the
LAN effect between 300 ms and 500 ms, as well as more negative
amplitudes for violation trials (Kaan, 2007; Molinaro et al., 2015).
Critically, the time window of this anterior effects overlaps with
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the P600 effect, which had an onset of 460 ms post-stimulus onset.
Based on the topographic characteristics of the LAN as reported
in the literature (Barber & Carreiras, 2005; Hagoort, 2003), we ar-
gue that our findings are inconsistent with a LAN effect. Instead,
we suggest that this effect reflects the early stage (500 ms to 700
ms) of the P600 component. This stage was previously associated
with indexing sensitivity to syntactic integration and to a broader
topographic distribution (Alemán Bañón et al., 2012; Barber &
Carreiras, 2005; Hagoort & Brown, 2000; Molinaro et al., 2008).
Therefore, we argue that both the left anterior effect between 506
ms - 648 ms and the centro-parietal effect between 464 ms - 761
ms belong to the early stage of a broadly distributed P600 com-
ponent. Importantly, by extension, our findings do not show evid-
ence for a biphasic LAN/P600 pattern but instead show an isolated
and broadly distributed P600 effect for gender agreement violations
(Gunter et al., 2000; Molinaro et al., 2008). Interestingly, we did not
find any differences in voltage amplitudes in the later stage of the
P600 component between 700 ms - 900 ms, which was previously
linked to syntactic analysis and repair and a posterior topographic
distribution (Alemán Bañón et al., 2012). Therefore, the duration
of the P600 effect was shorter compared to previous studies (Barber
& Carreiras, 2005; Friederici et al., 1999) and localised to the syn-
tactic integration stage of the P600 component (Alemán Bañón et
al., 2012).

Taken together, our results suggested the following: first, they
revealed a P600 effect for gender agreement violations in isolated
determiner-noun NPs. More specifically, there was a difference in
voltage amplitudes between grammatical and ungrammatical NPs
in the early stage of the P600 component, previously associated
with syntactic integration. Second, and in contrast to previous re-
search (Barber & Carreiras, 2003, 2005), we did not find evid-
ence that an N400 component was linked to processing NP viol-
ations in Spanish. Finally, our data did not support the notion of a
biphasic LAN/P600 pattern. Therefore, with respect to our research
question, our results indicated that the P600 component was the
primary neural correlate relevant to processing gender agreement
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violations in isolated NPs in Spanish.

A novel aspect of this study was the application of a permuta-
tion analysis in combination with generalised additive mixed mod-
els (GAMMs) to analyse our ERP data (Meulman et al., 2015;
Tremblay & Newman, 2015). We first conducted a permutation ana-
lysis to determine our ROI, followed by a GAMM analysis to detect
our time window of interest to explore our ERP effects. In this, we
avoided generating a priori assumptions about both of these para-
meters. Results from the permutation analysis provided us with a
ROI involving centro-parietal regions to explore P600 effects. This
is in line with previous literature on P600 effects (Friederici et al.,
1999; Hagoort et al., 1993). Next, the results from the GAMM ana-
lysis provided us with a precise time window of interest for the P600
effect for violation type on voltage amplitudes. The time window of
interest of 464 ms to 761 ms for the P600 effect as predicted by
the model was consistent with previous work on the P600 effect,
as was the more anterior portion of the P600 effect between 506
ms and 648 ms (Barber & Carreiras, 2005; Friederici et al., 1999;
Hagoort & Brown, 2000; Molinaro et al., 2015; Swaab et al., 2011).
These results confirmed that GAMMs are a suitable and powerful
analysis approach while representing an extension to linear mixed
models (Frömer et al., 2018): not only did GAMMs accurately cap-
ture the complex non-linear trends of voltage amplitudes over time,
but their relatively straightforward implementation in R using the
mgcv package (Wood, 2021) allows researchers to remain unbiased
with respect to the timing of the ERP effects (Meulman et al.,
2015). Naturally, caution is warranted with respect to over-fitting
the data and the evaluation of the model diagnostics to assess the
goodness of fit. Nevertheless, we argue that GAMMs were a para-
mount component of this study and should be considered for similar
ERP research on language comprehension in the future.

8.4.1 Conclusions and future directions

This study contributed new evidence to the discussion on which
ERP components were linked to processing gender agreement vi-
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olations in isolated NPs in Spanish. Our participants performed a
syntactic violation paradigm including determiner-noun NPs while
their EEG was recorded. Our results highlighted a broadly distrib-
uted P600 effect in the early syntactic integration stage for pro-
cessing gender agreement violations compared to non-violations in
Spanish. In contrast, we found neither evidence for a LAN effect,
nor an N400 effect. Our findings are relevant for two reasons: first,
the confirm the importance of the P600 effect in processing gender
agreement violations, even for violations occurring in isolated NPs.
Second, they challenge previous work reporting an N400 effect for
gender agreement violations in NPs (Barber & Carreiras, 2005,
2003). For a more nuanced investigation of gender agreement vi-
olations in isolated NPs vs. NPs in sentences, future studies should
extend the current design and directly compare the ERPs elicited in
both linguistic configurations. Moreover, it remains unclear whether
the consistency of the ERP signature across NPs is specific to the
target language Spanish, or whether there are indeed languages
with functionally and neurally different ERP signatures as a func-
tion of the sentence context (or lack thereof) of the gender agree-
ment violation.
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Appendix

8.A Linguistic profile of participants

Table 8.A.1: Overview of the native and non-native languages acquired
by the participants included in the analysis (n = 34).

L1 L2 L3 L4 L5 Total

Spanish n = 34 34
English n = 32 n = 2 34
German n = 2 n = 2 n = 2 6
Dutch n = 6 n = 7 n = 3 16
French n = 7 n = 1 n = 1 9
Italian n = 5 n = 3 8
Catalan n = 1 1
Japanese n = 1 n = 1 2
Luxembourgish n = 1 1

Total 34 34 24 15 4
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8.B EEG montage

Figure 8.B.1: 10/20 32-channel montage from BioSemi in-
cluding CMS and DRL but excluding external channels
(www.biosemi.com/headcap.htm).



354 From oscillations to language

8.C Model parameters: accuracy

Table 8.C.1: Specification of model of best fit for accuracy for n = 34.

Formula: accuracy ∼ violation type (violation vs. non-violation)
+ LexTALE-Esp + noun gender (feminine vs. masculine) +
(1|participant) + (1|item)

Term Odds Ratio [95% CI] z-value p-value

(Intercept) 8.12 [3.52, 18.74] 4.91 < 0.001
Violation type
[violation]

0.589 [0.434, 0.800] -3.39 0.001

LexTALE-Esp 1.02 [1.01, 1.03] 4.25 < 0.001
Gender [masculine] 1.51 [1.11, 2.04] 2.65 0.008

Random effects
σ2 3.29
τ00Item 0.27
τ00Participant 0.20
ICC 0.12
NParticipant 34
NItem 224

Observations 7,580
Marginal R2/
Conditional R2

0.071 / 0.187
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8.D Model parameters: response times

Table 8.D.1: Specification of model of best fit for RTs (ms) for n = 34.

Formula: RTs ∼ violation type (violation vs. non-violation) +
LexTALE-Esp + (violation type|participant) + (1|item)

Term Estimate [95% CI] t-value p-value

(Intercept) 713.39 [706.22, 720.55] 195.13 < 0.001
Violation type
[violation]

33.80 [26.25, 41.35] 8.77 < 0.001

LexTALE-Esp 1.70 [0.901, 2.49] 4.18 < 0.001

Random effects
σ2 0.12
τ00Item 1543.33
τ00Participant 7446.57
τ11Participant[violation] 3090.40
ρ01Participant -0.42
ICC 1.00
NParticipant 34
NItem 224

Observations 7,340
Marginal R2/
Conditional R2

0.128 / 1.000
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8.E EEG data: by-violation type trial

rejection rates

Table 8.E.1: By-violation type trial exclusion rates for familiar and cor-
rect trials due to artefacts (n = 34). Note that the total number of fa-
miliar and correct trials was 7,258 as indicated in brackets.

Violation type Trials excluded Trials excluded (%)

non-violation 173 2.38
violation 179 2.47

Total 352 (7,258) 4.85
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8.F Model parameters: P600 compon-

ent

Table 8.F.1: Model parameters of the GAMM model for the effect of
violation type and time on voltage amplitudes for the P600 ROI with
channels CP1, CP2, CP5, CP6, Pz, P3, P4, PO3 and PO4 (n = 34).
Estimated degrees of freedom (edf) provide a measure for the complexity
of the smooth terms. The edf parameters for our smooth terms suggested
that voltage amplitudes follow a highly non-linear tendency.

Formula: voltage amplitudes∼ violation type + channel + s(time) +
s(time, by = violation type) + s(time, by = channel) + s(participant,
channel, bs = “re”) + s(participant, violation type, bs = “re”) +
s(participant, time, bs = “re”) + s(participant, bs = “re”) + s(item,
time, bs = “re”) + s(item, bs = “re”)

Linear terms Estimate SE t-value p-value

(Intercept) 2.74 0.35 7.90 < 0.001
Violation type
[violation]

0.295 0.238 1.24 0.215

Channel [CP5] -1.04 0.198 -5.29 <0.001
Channel [P3] 0.004 0.197 0.019 0.985
Channel [Pz] 0.722 0.197 3.66 < 0.001
Channel [PO3] 0.396 0.197 2.01 0.045
Channel [PO4] 0.375 0.197 1.90 0.057
Channel [P4] 0.511 0.197 2.59 0.009
Channel [CP6] -0.373 0.197 -1.89 0.059
Channel [CP2] 0.268 0.197 1.36 0.174

Smooth terms edf Ref.df F-value p-value

s(Time) 8.99 9.00 6736.07 < 0.001
s(Time):Violation
type [violation]

8.99 9.000 3489.47 < 0.001

s(Time):Channel
[CP1]

8.96 9.00 297.604 < 0.001

s(Time):Channel
[CP5]

8.95 9.00 706.482 < 0.001

s(Time):Channel
[P3]

1.00 1.00 1.92 0.166

s(Time):Channel
[Pz]

8.84 8.99 71.89 < 0.001

s(Time):Channel
[PO3]

8.87 8.99 149.05 < 0.001
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s(Time):Channel
[PO4]

8.90 8.99 346.16 < 0.001

s(Time):Channel
[P4]

7.72 7.97 275.58 < 0.001

s(Time):Channel
[CP6]

8.91 8.99 359.00 < 0.001

s(Time):Channel
[CP2]

8.95 8.99 130.50 < 0.001

s(Participant) 0.010 33.000 29.17 0.064
s(Participant,
Channel)

269.20 297.00 865928.45 0.009

s(Participant,
Violation type)

60.48 66.00 86774042.73 < 0.001

s(Participant,
Time)

32.99 33.00 177593401.23 < 0.001

s(Item) 220.88 222.00 465329.02 < 0.001
s(Item, Time) 221.62 222.00 512839.12 < 0.001
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8.G Model parameters: LAN compon-

ent

Table 8.G.1: Model parameters of the GAMM model for the effect of
violation type and time on voltage amplitudes for the LAN ROI with
channels Fp1, AF3, F7 and F8 (n = 34).

Formula: voltage amplitudes∼ violation type + channel + s(time) +
s(time, by = violation type) + s(time, by = channel) + s(participant,
channel, bs = “re”) + s(participant, violation type, bs = “re”) +
s(participant, time, bs = “re”) + s(participant, bs = “re”) + s(item,
time, bs = “re”) + s(item, bs = “re”)

Linear terms Estimate SE t-value p-value

(Intercept) 1.23 0.313 3.93 < 0.001
Violation type
[violation]

-0.002 0.217 -0.011 0.991

Channel [AF3] -0.238 0.151 -1.57 0.117
Channel [F7] -0.447 0.151 -2.95 0.003
Channel [F3] -0.451 0.151 -2.98 0.003

Smooth terms edf Ref.df F-value p-value

s(Time) 8.98 8.99 718.79 < 0.001
s(Time):Violation
type [violation]

8.97 9.00 413.48 <0.001

s(Time):Channel
[Fp1]

1.02 1.02 0.002 0.989

s(Time):Channel
[AF3]

7.50 7.90 74.985 < 0.001

s(Time):Channel
[F7]

8.61 8.93 153.45 < 0.001

s(Time):Channel
[F3]

8.22 8.80 68.66 < 0.001

s(Participant) 0.012 33.00 8.59 1.00
s(Participant,
Violation type)

57.88 66.00 16149514.65 1.00

s(Participant,
Channel)

106.90 132.00 938593.99 1.00

s(Participant,
Time)

32.99 33.00 35777233.25 0.999

s(Item) 219.54 222.00 96047.91 0.993
s(Item, Time) 221.18 222.00 96715.91 0.996





CHAPTER 9

General discussion

The overarching question of this thesis was concerned with how
the brain simultaneously manages both the native language (L1)
and an additional non-native language. We focused on character-
ising this multilingual experience in the context of late language
learners, i.e., individuals who acquired a non-native language later
in development after fourteen years of age. Across several exper-
iments, we dug deep into the behavioural and neural correlates
of (non-)native comprehension and non-native production in order
to obtain a nuanced picture of the underlying processing mechan-
isms. Specifically, we studied six critical issues in more depth: first,
we quantified cross-linguistic influence (CLI) in non-native compre-
hension and non-native production. Second, we examined CLI from
a neural perspective. Third, we explored native speakers and late
language learners and their sensitivity to “faulty” linguistic input.
Fourth, we studied the individual non-native production stages and
the locus of target language selection in the context of CLI. Fifth,
we investigated the role of language similarity between the L1 and
the non-native language on non-native comprehension and produc-
tion. Finally, we examined the modulating impact of language sim-
ilarity on domain-general inhibitory control.
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In this chapter, we first recapitulate the main research questions
and critical findings from each chapter and discuss each chapter’s
relevance and theoretical contributions to the current literature.
Next, we synthesise the research findings to provide a broader pic-
ture and an outlook on future research. Moreover, we provide an
overview of some unanswered questions in our work. In this, we
also touch upon the relevance of this thesis in terms of methodolo-
gical and statistical advances as well as Open Science. We conclude
this chapter with the discussion of future steps from here, and with
potential limitations of this thesis.

9.1 Discussion of chapter findings

In Chapter 2 of this thesis, we closely studied the role of gender
congruency and cognate status during syntactic violation processing
in the non-native language Spanish. We probed the presence of a
gender congruency effect and a cognate facilitation effect. Further,
we investigated whether these two linguistic features had a joint
effect on syntactic violation processing. In addition, we character-
ised their influence on the neural correlate of syntactic violation
processing, the P600 component. Studies have robustly reported a
P600 effect as an index for syntactic violation processing and sensit-
ivity to syntactic irregularities in highly proficient speakers (Foucart
& Frenck-Mestre, 2011). Thus far, a large portion of research has fo-
cused on highly proficient non-native speakers. Contrastingly, stud-
ies on CLI including late language learners with lower proficiency
levels are scarce and reported contradictory findings with respect
to the elicitation of the P600 effect (Hahne, 2001; S. Rossi et al.,
2006; Tokowicz & MacWhinney, 2005; Weber-Fox & Neville, 1996).
Subsequently, the nature of CLI effects and the P600 component eli-
cited in late language learners with lower proficiency levels remained
unclear. These issues were therefore put to test in this chapter.

Our results indicated the following: we provided evidence for a
gender congruency effect in our German late learners of Spanish,
with a processing advantage for gender congruent items compared
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to incongruent items. Critically, we found a reverse cognate facil-
itation effect, with a processing advantage for non-cognates over
cognates. In turn, this indicated that gender congruency was the
more salient cue to our late language learners during the syntactic
violation paradigm compared to similarities at the orthographic and
phonological level. Next, we found no evidence for a joint interac-
tion effect of gender congruency and cognate status on behavioural
or neural measures of syntactic violation processing. This notion
supports the view of gender congruency as the primary modulating
feature of non-native comprehension in our study. Moreover, these
findings promote the theoretical view of a shared representation of
gender between the two languages as opposed to separate gender
representations (Bordag & Pechmann, 2007; Lemhöfer et al., 2008;
Morales et al., 2016). A further critical finding was the presence
of a P600 effect, as reflected in a significant difference in voltage
amplitudes between syntactic violations and non-violations. This
implied that the P600 effect was not only found at higher profi-
ciency levels, but also at lower proficiency levels such as in the
late language learners of our study. In other words, our late lan-
guage learners were sensitive to syntactic irregularities at the level
of gender. This highlighted the critical role of the P600 component
in this context. Yet, neither gender congruency nor cognate status
modulated P600 effect sizes. Therefore, while late language learners
with limited proficiency showed clear sensitivity to syntactic viol-
ations, other linguistic features seemed to have a limited effect at
the neural level. The findings from this particular chapter push the
theoretical boundaries of the current literature for several reasons:
first, they suggest that gender congruency, but not cognate status,
is a significant modulator of behaviour in non-native comprehen-
sion. Moreover, there is no evidence for a traceable joint effect of
gender congruency and cognate status on P600 amplitudes. This
has implications for the respective salience of these two linguistic
features during non-native processing. Second, the P600 effect was
confirmed to be linked to syntactic violation processing also in lan-
guage learners with lower non-native proficiency levels. However,
neither gender congruency nor cognate status significantly modu-
lated P600 effect sizes. Finally, the study re-directed the focus of
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current research of non-native comprehension to the less studied
population of late language learners.

In Chapter 3 of this thesis, we shifted the focus from non-native
comprehension to non-native production. In the multilingual liter-
ature, it is well-established that speakers are often slower in naming
pictures in their non-native language than in their L1 (Hanulová et
al., 2011). Yet, the nature of this discrepancy is poorly understood,
particularly with respect to the timing of the individual production
stages as were described in the LRM model of word production
(Levelt et al., 1999). One critical influencing factor we investigated
in this study is CLI, which results from the parallel activation of
the L1 and the non-native language(s). Speakers must first over-
come CLI to select a target language prior to articulation. In turn,
this has implications for the temporal unfolding of the underlying
production mechanisms (Costa et al., 2009; Hanulová et al., 2011;
Strijkers et al., 2010). Research on this issue in multilingual popu-
lations and in late language learners is scarce (Costa et al., 2009;
Hoshino & Thierry, 2011; Strijkers et al., 2010), but some studies
have provided a testable theoretical framework to examine the time
course of non-native production in more detail (Bürki & Laganaro,
2014; Indefrey, 2011; Levelt et al., 1999). Another related issue is
the locus of target language selection, which is characterised by
two contrasting theoretical accounts on target language selection:
one account claiming that lexical entries from both languages are
activated, but only the lexical entry from the target language is
selected (Gollan et al., 2005; Lee & Williams, 2001). The second
account suggests that lexical entries from both languages are selec-
ted and subject to subsequent phonological encoding (Christoffels
et al., 2007; Colomé, 2001; Hoshino & Thierry, 2011; Rodriguez-
Fornells et al., 2005). Subsequently, the main goals of the study
were the following: first, to explore the effects of CLI on the time
course of non-native production in late language learners (German-
Spanish speakers) from a behavioural and neural perspective. More
specifically, we exploited both the gender congruency effect and
the cognate facilitation effect to trace CLI during the individual
production stages. Next, we probed the locus of target language
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selection to get an insight into when during non-native production
speakers select the target language over the non-target language.
Finally, we placed a special focus on the P300 component, which
is typically linked to cognitive control, but more recently also to
working memory load (Barker & Bialystok, 2019; González Alonso
et al., 2020; Polich, 2007). We predicted that the P300 component
would be a critical index for CLI and resolution of CLI in order to
succeed at a non-native production task such as a picture-naming
task. Taken together, our main questions of this chapter were the
following: first, how can we use CLI to characterise the modulation
of the non-native production processes? Second, when is the target
language selected during non-native production?

Our findings were as follows: with respect to our first research
question, we found the classical gender congruency effect at the
behavioural level, suggesting CLI between the gender systems in
German-Spanish speakers. In contrast, we found no behavioural
effect of cognate status on non-native production. This suggested
that gender congruency, but not cognate status significantly altered
the time course of non-native production. In turn, this resulted in
a measurable delay in producing gender incongruent items com-
pared to congruent items. As for our second research question, we
found evidence for a P300 component. We interpreted this as an
index for the mitigation of CLI to select the appropriate target lan-
guage. In addition, there was a small modulatory effect of CLI of the
P300 component amplitudes. This suggested that German-Spanish
speakers still faced CLI during the phonological encoding stage of
the LRM model (Indefrey, 2011; Levelt et al., 1999). Subsequently,
this implied that CLI continued into advanced production stages,
and that the target language had not been selected before lexical
retrieval (Christoffels et al., 2007; Colomé, 2001; Hoshino & Thi-
erry, 2011; Rodriguez-Fornells et al., 2005). This particular study
therefore contributes novel evidence to both the characterisation of
the time course of non-native production, as well as the description
of the neural correlates linked to CLI and non-native production in
light of the selection of the target language. These results are further
relevant for describing the challenges faced by multilingual speakers
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in early language acquisition stages. However, the results could also
be highly relevant for characterising multilingual populations with
inherent language production deficits, e.g., patients with primary
progressive aphasia (Calabria, Grunden, Serra, Garćıa-Sánchez &
Costa, 2019; Kuzmina, Goral, Norvik & Weekes, 2019). Obtaining
a clearer picture of the exact difficulties encountered by these pop-
ulations during the individual production stages could be a critical
milestone in the investigation of their clinical symptoms.

In Chapter 4, the questions we asked were identical to those in
Chapters 2 and 3. However, the critical difference was that we in-
vestigated these questions in a linguistically highly similar language
pair, namely Italian and Spanish. In terms of non-native compre-
hension, we asked first, whether and how gender congruency and
cognate status impacted syntactic violation processing. Second, we
investigated whether speakers of highly similar languages would
also show a P600 effect comparable to the German-Spanish speak-
ers. Third, we wanted to know whether the P600 effect was in-
fluenced by the two linguistic features of gender congruency and
cognate status. Our results were remarkably similar to the results
of the German-Spanish speakers from Chapter 2: first, we provided
evidence for the classical gender congruency effect (Lemhöfer et al.,
2008). In turn, this promoted the notion of shared gender systems
across Italian and Spanish, which supported the gender-integrated
representation hypothesis (Bordag & Pechmann, 2007; Lemhöfer et
al., 2008). Moreover, cognate status had a similar reverse effect as
in the German-Spanish speakers, with the Italian-Spanish speakers
being more accurate for non-cognates compared to cognates. This
supported the view of gender congruency emerging as the more sali-
ent feature during syntactic violation processing at this specific pro-
ficiency level. Crucially, we again provided evidence for a P600 effect
in our Italian-Spanish speakers. Therefore, speakers of linguistically
highly similar languages also demonstrated sensitivity to syntactic
anomalies. Interestingly, and in contrast to the German-Spanish
speakers, the results suggested a small modulation of RTs as a func-
tion of CLI at the behavioural level. In other words, this suggested
that speakers of linguistically similar languages were sensitive to
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a joint influence of gender congruency and cognate status during
syntactic violation processing. We did not find evidence for this
notion in speakers of linguistically less similar languages. There-
fore, these particular results provided us with a tentative preview
of potentially significant differences in non-native comprehension in
terms of behavioural and neural patterns as a function of language
similarity.

In terms of non-native production, we examined first, how CLI
originating from gender congruency and cognate status impacted
the time course of non-native production. We placed a special fo-
cus on both behavioural measures and P300 component amplitudes.
Second, we explored when during the non-native production pro-
cess our Italian-Spanish speakers faced CLI, and during which pro-
duction stage the target language was selected. With respect to
our first research question, behavioural data suggested a signific-
ant modulation of the time course of non-native production as a
function of cognate status. This was in contrast to the findings
from the German-Spanish speakers in Chapter 3. The emerging
picture was that speakers of linguistically less similar languages
(German-Spanish) were behaviourally more sensitive to similarit-
ies at the level of gender, whereas speakers of linguistically similar
languages (Italian-Spanish) were more sensitive to similarities at
the level of orthography and phonology, i.e., cognates. Critically,
the EEG results for the Italian-Spanish speakers demonstrated that
the P300 component was elicited in connection with mitigatory pro-
cesses linked to CLI. Yet, these results did not show evidence for a
modulation of P300 amplitudes as a function of CLI. In turn, this
result did not allow for a more nuanced investigation of the locus
of target language selection, as per our second research question.
Subsequently, the locus of target language selection in speakers of
linguistically similar languages remains an open question for fu-
ture studies. The EEG findings therefore showed a clear contrast
to the German-Spanish speakers. Subsequently, the results from
this task suggested quantitative differences in terms of behavioural
and neural measures of non-native production for a linguistically
similar language pair and a linguistically less similar language pair,
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particularly in terms of the EEG data. For both non-native com-
prehension and non-native production, our findings brought about
the bigger question whether there were indeed measurable differ-
ences in non-native comprehension and production processes as a
function of language similarity. This question subsequently served
as our main foundation in the following two chapters.

Chapter 5 of this thesis was the first chapter to directly tackle
the issue about the role of language similarity in non-native com-
prehension. Here, we asked the fundamental question of whether a
higher similarity between the L1 and the non-native language would
lead to a measurable processing advantage in our late language
learners relative to a lower similarity between languages. Previous
studies have reported increased CLI as well as differential ERP
effects for linguistically more similar languages compared to less
similar languages (Sabourin & Stowe, 2008; Tolentino & Tokowicz,
2011; Zawiszewski & Laka, 2020). More importantly, studies have
tentatively suggested a processing advantage for speakers of highly
similar languages (Zawiszewski & Laka, 2020). However, research
on this issue is limited and required a more in-depth examination.
Therefore, in Chapter 5 we compared the performance during the
syntactic violation paradigm between the linguistically less similar
language pair (German-Spanish) from Chapter 2, and the linguist-
ically highly similar language pair (Italian-Spanish) from Chapter
4. More specifically, we investigated the effect of language similarity
on behavioural measures and on voltage amplitudes in the form of
the P600 component. Next, we also tested for an effect of language
similarity on CLI. Our main research questions were the follow-
ing: first, whether the P600 effect was larger for the linguistically
similar compared to the linguistically more dissimilar group; and
second, whether language similarity influenced CLI across groups.
These questions were in addition to the question of whether lan-
guage learners were sensitive to syntactic violations, which we had
already established in the previous chapters. On the basis of our
theoretical framework, we predicted a processing advantage for the
Italian-Spanish speakers compared to the German-Spanish speak-
ers.
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Our results clearly demonstrated that language similarity was
indeed traceable both at the behavioural and at the neural level.
Interestingly, we found that this effect was pointing in different dir-
ections: on the one hand, we found that the linguistically less similar
group (German-Spanish) yielded an overall behavioural processing
advantage in terms of processing speed as well as smaller CLI ef-
fects during this task. On the other hand, the EEG results strongly
suggested a processing advantage for the linguistically highly sim-
ilar group (Italian-Spanish) in the form of a larger, more native-like
P600 effect. Moreover, voltage amplitudes connected to CLI were
also overall larger for the linguistically highly similar group. Taken
together, our results from this chapter demonstrated once again
the intricate interplay between the L1 and the non-native language.
However, while evidence demonstrated a broad modulatory effect of
language similarity on non-native comprehension, the exact nature
of this effect remained ambiguous. Based on our results, we argued
that language similarity may in fact be an accumulation of smal-
ler similarity effects operating at different linguistic levels such as
morphosyntactic similarity, orthographic similarity or phonological
similarity. Nevertheless, our study provides critical insights into the
underlying processing mechanisms across groups with different lan-
guage constellations and paves the way for future research into this
direction. A clear line of future research is the deconstruction of
the “language similarity effect” and to perhaps abandon the notion
of a general language similarity effect. In other words, we propose
that the investigation of the language similarity effect may be more
fruitful if language similarity was investigated from the perspective
of different linguistic domains.

Chapter 6 marked another shift from non-native comprehen-
sion to non-native production. The question at the core of this
chapter was concerned with whether speakers of linguistically sim-
ilar languages possessed a production advantage over speakers of
less similar languages. Previous theoretical frameworks suggested
that increased CLI may result in a significant enhancement of the
cognitive control network over time for linguistically similar lan-
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guages (Stocco et al., 2014; Yamasaki et al., 2018). In turn, this
control network is not only pivotal for the successful generation
of non-native output in multilinguals, but also for the mitigation
of CLI effects (D. W. Green, 1998). Therefore, in this chapter
we systematically examined whether speakers of linguistically sim-
ilar languages (Italian-Spanish) from Chapter 4 had a production
advantage compared to the speakers of linguistically less similar
languages (German-Spanish) from Chapter 3. In other words, we
probed whether speakers of linguistically similar languages had ef-
fectively developed their control network to an extent that would
result in an advantage in mitigating CLI effects during non-native
production. In line with our theoretical framework, we predicted a
production advantage for speakers of more similar languages com-
pared to speakers of less similar languages. Moreover, akin to the
previous chapters, we studied the P300 component as a potential
index for the CLI in non-native production.

The behavioural findings from this study indicated the typical
gender congruency effect as well as the cognate facilitation effect in
both groups. Therefore, our behavioural results suggested a produc-
tion advantage for gender congruent and cognate items compared to
gender incongruent and non-cognate items. Interestingly, we found
no behavioural evidence for an effect of language similarity on CLI
or non-native production as a whole. This suggested that mitigat-
ory strategies of CLI were similarly successful across both groups.
At the neural level, we found evidence for an ERP correlate con-
sistent with the P300 component. Critically, this P300 component
was impacted by CLI: we found that cognates elicited larger P300
component amplitudes compared to non-cognates. Therefore, CLI
appeared a significant modulatory factor of non-native production.
Contrastingly, we found no evidence that the neural signatures dur-
ing non-native production differed as a function of language similar-
ity. Therefore, we found a modulation of voltage amplitudes by CLI
on the one hand, but no overall difference between the two groups
in terms of the P300 component on the other hand. Subsequently,
we were unable to provide support for the notion of a production
advantage for speakers of linguistically similar languages at the be-
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havioural or at the neural level. In turn, this has implications for the
relevance of language similarity during non-native production. How-
ever, it also leaves open the question of whether other factors, e.g.,
non-native proficiency, could have masked any potential language
similarity effects. Therefore, a logical follow-up from this work is
first, the investigation of the relationship between non-native pro-
ficiency levels and language similarity effects; and second, whether
language similarity effects are be more pronounced at lower vs.
higher proficiency stages.

In Chapter 7, we temporarily moved away from non-native
comprehension and production and instead focused on higher cog-
nitive functioning. More specifically, we investigated whether lan-
guage similarity had a direct impact on domain-general inhibitory
control performance. Previous research has previously suggested
that speakers of highly similar languages may enhance their cog-
nitive control network to a different degree than speakers of less
similar languages (Stocco et al., 2014; Yamasaki et al., 2018). In
this chapter, we therefore tested whether speakers of linguistically
similar languages (Italian-Spanish) had developed superior inhibit-
ory control skills through their prolonged experience with multiple
similar languages compared to speakers of linguistically less sim-
ilar languages (Dutch-Spanish). Our working hypothesis was that
these enhanced inhibitory control skills would be reflected at the
behavioural level in a simple spatial Stroop task. In line with this
theoretical framework, we predicted a processing advantage and
a smaller Stroop effect for the linguistically similar language pair
(Italian-Spanish) compared to the more dissimilar language pair
(Dutch-Spanish). This would be reflective of a better inhibitory
control performance.

Our results indicated the classical Stroop effect in both groups.
However, we did not find evidence that the Stroop effect was lar-
ger for one group compared to the other. In other words, we did
not find evidence that inhibitory control performance was different
across groups. Therefore, our findings suggested a limited effect of
language similarity on inhibitory control performance. Contrasting
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with our hypothesis, we also found that speakers of linguistically
less similar languages (Dutch-Spanish) were overall faster during
the task compared to the speakers of linguistically similar languages
(Italian-Spanish). Crucially, questions remain as to first, whether
the difference in proficiency between the L1 and the non-native lan-
guage may have an impact; and second, whether these results would
be applicable to different non-native proficiency levels. Further, an-
other emerging question is the extent to which language similar-
ity influenced more domain-general cognitive control vs. language-
specific control mechanisms. Particularly, managing two highly sim-
ilar languages may have consequences for the language control net-
work, but the implications for the domain-general control network
may be more complex. Nevertheless, our study was one of the first
to make a critical contribution in examining language similarity
as a potential factor in driving the functional adaptations of the
multilingual mind. However, additional research into this topic is
needed to obtain a more complete picture on this issue, especially in
combination with neuroimaging and electrophysiological methods.

Chapter 8 of our thesis was the only chapter concerned with
native language processing as opposed to non-native language pro-
cessing. Moreover, it is a prime example for the importance of
constructive feedback from external researchers during the empir-
ical research cycle: the main incentive for this study emerged from
feedback by an anonymous reviewer during the journal submission
of Chapter 2. The background of this study was the controver-
sial nature of the neural correlates connected to gender agreement
processing in Spanish, in particular in isolated determiner-noun
phrases (Barber & Carreiras, 2003, 2005). A connected question
was whether different ERP correlates would be elicited for Spanish
compared to other languages, and whether processing of agreement
violations in isolated structures vs. in context (e.g., in sentences)
was supported by inherently different mechanisms. Therefore, we
conducted a study to thoroughly examine the underlying neural
correlates of gender agreement processing with native speakers of
Spanish. We placed a particular focus on the P600 component as
the classical index of syntactic violation processing. In addition,
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we also probed for the elicitation of an N400 effect and a LAN ef-
fect, in line with the disparity of results in the current literature.
A novel aspect of this study was the combination of conventional
ERP paradigms with advanced, data-driven statistical analyses in
order to maximise the power of our findings.

Our results clearly indicated the typical P600 effect for gender
agreement processing in isolated noun-phrases in native speakers of
Spanish. This emphasised the P600 component as the primary index
for syntactic violation processing. Contrastingly, we found neither
evidence for an N400 effect, nor for a LAN effect. Subsequently,
these results neither support the notion of differential neural mech-
anisms for processing gender agreement in Spanish compared to
other languages, nor that there are differences between processing
gender agreement violation in isolated noun-phrases compared to
noun-phrases embedded in linguistic structures with more context,
e.g., sentences. Finally, our advanced statistical analysis proved to
be a viable approach to analyse complex EEG data. We therefore
put forward a strong recommendation to consider this technique for
future studies investigating native and non-native language-related
neural phenomena.

9.2 The broader picture

Taking all chapters together, in the current thesis we studied
the multilingual experience in several different populations, from
German-Spanish speakers and Italian-Spanish speakers to Dutch-
Spanish speakers. In addition, we examined native Spanish speakers
to obtain a more detailed picture of the neural correlates support-
ing language comprehension at a more general level. We employed
a range of different experimental tasks, among which a syntactic
violation paradigm, a picture-naming task, a Stroop task and the
LexTALE-Esp, to tackle some of the fundamental issues in multi-
lingual language processing.

With respect to our first critical issue outlined at the begin-
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ning of this chapter and in the introduction, we learnt that CLI
plays a significant role in non-native comprehension and produc-
tion. In other words, the late language learners we examined across
our studies faced CLI to an extent which was traceable both in the
behavioural and in the neural patterns. Further, they were remark-
ably successful in the mitigation of CLI effects. Different linguistic
features representing CLI, such as gender congruency and cognate
status, emerge as influential factors in driving CLI in non-native
comprehension and production. Interestingly, cognate status was
found to be both a facilitatory and a hindering factor during non-
native processing, with differential effects found across comprehen-
sion and production. This has direct implications for both models
of non-native processing as well as non-native acquisition.

For our second critical issue about the neural correlates of CLI,
we found no neural evidence for traceable CLI effects during non-
native comprehension. In contrast, small CLI effects were found in
non-native production. This indicated that CLI may exert differen-
tial influences at the neural level as a function of whether the target
domain is comprehension or production. In turn, the corresponding
findings have implications for the co-existence of two or more lan-
guages in the multilingual brain and their functional interplay. The
comparison of CLI effects in comprehension vs. production is bey-
ond the scope of this thesis. However, our results suggest a notable
asymmetry in terms of CLI effects. This should be subject to future
investigations, as it may provide critical insights into the complex
relationship between comprehension and production mechanisms.

Speaking directly to the third issue under investigation in this
thesis, it emerged throughout this thesis that our language learners
were indeed sensitive to syntactic irregularities both at the beha-
vioural and the neural level. Therefore, this sensitivity does not
only manifest itself in highly proficient speakers, but also in less
proficient speakers such as the late language learners in our stud-
ies. This was a robust finding across a linguistically similar lan-
guage pair (Italian-Spanish) and a linguistically less similar lan-
guage pair (German-Spanish). This notion has direct implications
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for the characterisation of language processing from the perspect-
ive of the neural architecture in late language learners. Critically,
the P600 effect remains a pivotal neural marker in non-native com-
prehension and can therefore be used as a reliable index in similar
studies tackling non-native language processing.

In terms of the fourth critical issue of this thesis about the po-
tential of CLI to directly characterise the non-native production
process, we demonstrate that CLI is an ideal lens through which to
tackle more nuanced aspects of multilingual language processing.
Among these aspects is the time course of non-native production
and the subsequent implications for the selection of target language.
Research on this topic is particularly limited and challenging from a
methodological and electrophysiological perspective. It is neverthe-
less critical to continue the efforts to quantify all dimensions of the
multilingual production mechanisms. From our findings, we learnt
that CLI indeed significantly impacts the non-native production
process at the neural level in some learners, and that they face CLI
until advanced production stages. With this in mind, non-native
production is an even more remarkable process because speakers
have to continuously overcome the challenges brought about by
CLI to succeed at an every-day task such as a simple conversation.

With respect to the fifth issue of the impact of language simil-
arity on non-native comprehension and production, we discovered
that language similarity plays distinct roles in non-native compre-
hension and non-native production. On the one hand, we found
clear indications of the importance of language similarity in mod-
ulating syntactic violation processing and CLI during comprehen-
sion, but we did not find comparable evidence in non-native produc-
tion. These results strongly suggest differential language similarity
effects across the two domains, as briefly touched upon above in the
discussion of the second issue. On the other hand, our results also
suggest that the language similarity effect may need to be invest-
igated in a more refined manner. More specifically, we argue that
different driving forces may be at play for morphosyntactic sim-
ilarity, for orthographic similarity, for phonological similarity etc.
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which dynamically influence the size and direction of an overall
language similarity effect. This is a critical aspect which should be
subject to future investigations. Nevertheless, given the scarcity of
research, our studies on language similarity provide novel insights
into the multilingual experience, both from the point of view of the
relevance of the native language, and from the point of view of the
challenges faced during non-native comprehension and production
by our speakers.

Finally, our sixth critical issue of this thesis was whether lan-
guage similarity had direct consequences for higher cognitive func-
tions such as the cognitive control network. Here, we learnt that
speaking two highly similar languages may not directly translate
into increased inhibitory control skills at a domain-general cognitive
level. Instead, our results favour the working hypothesis that speak-
ing highly similar languages first and foremost trains language-
related mechanisms, such as the language control network, or mech-
anisms related to the mitigation of CLI. The connection to the cog-
nitive control network therefore remains somewhat of a mystery,
but it is a fascinating topic that should be examined more closely.

Pooling the evidence presented throughout this thesis, it is un-
deniable that multilingual language comprehension and production
are extraordinarily complex processes. While we contribute novel
evidence to guide the characterisation of the multilingual experi-
ence of late language learners, there is much more research to be
conducted in this direction. The next section provides some con-
crete ideas on how to translate the insights gained throughout this
thesis into tangible future research.

9.3 Where to go from here

As is not uncommon in empirical research, our studies provided
as many fascinating novel findings as they brought about new re-
search avenues. Chapter 2 interestingly suggested no interactive
effect of two linguistic features previously shown to be subject to
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CLI on non-native comprehension. However, this notion of additive
facilitatory or obstructing effects needs to be the subject of a more
thorough examination. Chapter 3 showed that speakers faced CLI
until advanced processing stages. From our results, we were able to
derive that CLI occurred at least until phonological encoding, how-
ever we could not make any claims beyond this stage. Therefore,
we were unable to determine during which exact processing stage
CLI was resolved, and in turn, when precisely the target language
was selected. Subsequently, this issue also needs to be subject to
future research. We also argued that this is a highly relevant is-
sue also for clinical populations with distinct language production
difficulties. Chapter 4 took the important step to apply the fun-
damental debates around CLI to a more similar language pair and
tentatively tapped into the notion of language similarity in lan-
guage processing. While the language pairs we investigated in this
thesis were appropriate with respect to our research questions, it
is also crucial to move away from the more “standard” language
combinations typically found in current research. Instead, studies
should explicitly target language combinations which show more
pronounced differences across linguistic domains, for example Eng-
lish and Mandarin, Portuguese and Makhuwa or any other language
combinations with significantly deviating syntactic, orthographic
and phonological systems. How do CLI effects manifest themselves
in those language combinations? We are convinced that particularly
those language combinations will be critical in unveiling a piece of
the broader puzzle around the multilingual experience. Chapter 5
directly probed the effect of language similarity in non-native com-
prehension, but brought about several more general questions. For
example, is there an overall language similarity effect? This chapter
tentatively suggested that the investigation of language similarity
effects may be more productive if it was divided into smaller simil-
arity effects. In other words, here we propose that research should
individually tackle morphosyntactic, orthographic or phonological
similarity effects to get a better overview of the role of language sim-
ilarity. Another emerging question was the extent to which language
proficiency is a driving force behind language similarity effects.
For example, would our results be applicable to lower or higher
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non-native proficiency levels? Beyond the theoretical contributions,
this chapter also explicitly encourages an alternative analysis ap-
proach for EEG in the form of generalised additive mixed models
(GAMMs). Critically, we do not claim that this approach is suit-
able for all datasets and designs. However, we strongly encourage
researchers to consider this approach for similar studies. In Chapter
6, we failed to show a modulation of the behavioural and neural
correlates as a function of language similarity in non-native pro-
duction. Therefore, this issue as a whole warrants a more in-depth
investigation, as these results do not preclude a potentially more
subtle language similarity effect. In addition, this chapter called for
a thorough comparison of language similarity effects in non-native
comprehension and production, as there appeared to be a dispar-
ity across the two domains with respect to the modulating power
of language similarity. More specifically, does language similarity
rely on different mechanisms if the linguistic domain is comprehen-
sion vs. production? Chapter 7 introduced the important question
about the relationship between language similarity and the poten-
tial enhancement of cognitive control networks as a function of high
similarity between languages. Here, questions remain as to whether
prolonged experience with highly similar languages directly trans-
lates to measurable changes in the cognitive control network. Given
that the study described in this chapter was a behavioural study,
we propose that the combination with neuroimaging or EEG would
provide additional critical insights into this matter. Moreover, we
argue that a crucial factor to consider here is again non-native pro-
ficiency, as it was shown to be intimately linked to language control
mechanisms. Finally, Chapter 8 settles some of the controversy sur-
rounding the neural correlates of gender agreement processing in
Spanish. Yet, questions remain as to whether ERP correlates can
in fact be distinct for different languages, and whether context is a
sufficiently salient factor to elicit distinct ERP responses. Similar
to Chapter 5, this chapter was also characterised by the successful
application of GAMMs for the EEG data. Subsequently, this shows
the flexibility of this specific analysis approach and its potential to
be applied to different research designs and datasets.
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9.3.1 From ANOVAs to GAMMs

As outlined throughout this thesis, we used a range of experi-
mental paradigms and statistical approaches in order to obtain a
more complete picture of the critical issues in question. Import-
antly, we placed a special emphasis on the appropriate selection of
statistical methods for a particular experimental design and data-
set. With this in mind, a clear development in terms of statistical
approaches can be seen throughout this thesis, in particular for
the EEG analysis: in Chapters 2, 3, 4 and 6, we used linear mixed
effects models, or LMMs (Baayen et al., 2008) to examine voltage
amplitudes in pre-determined regions of interests and time windows
of interest. As outlined in the introduction, this is a powerful ap-
proach because it allows for the analysis of unbalanced datasets, i.e.,
dataset with a diverging number of observations per participant or
experimental condition. In addition, LMMs take into account dif-
ferential effects for participants and individual experimental items
without the need to calculate by-condition voltage grand averages
(Frömer et al., 2018). This represents a major improvement from
more conventional ANOVA-type analyses, which are still routinely
featured in the most recent EEG literature on non-native language
processing (Antúnez et al., 2021; Y. Cheng, Cunnings, Miller &
Rothman, 2021; Pereira Soares, Kupisch & Rothman, 2022).

The EEG analyses reported in Chapters 5 and 8 represented a
further advancement in terms of the statistical modelling of EEG
data. Here, we transitioned towards models which extend the LMM
framework, namely generalised additive mixed models, or GAMMs
(Meulman et al., 2015; Tremblay & Newman, 2015). As previously
described, GAMMs allow for the inclusion of (penalised) non-linear
terms to flexibly model the oscillatory trend of voltage amplitudes.
These non-linear terms are a collection of several functions to cap-
ture the full complexity of voltage amplitudes over time (De Cat
et al., 2015; Meulman et al., 2015). A critical advantage of this
particular approach is that researchers are not bound by a priori
predictions about the time window of interest for a given ERP ef-
fect. Instead, this approach uses the observed and fitted data to
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determine the time window of the ERP effect. Therefore, GAMMs
represent a robust and powerful approach to model complex EEG
data. Subsequently, they may be particularly suited for less studied
multilingual populations where ERPs effects are likely to take on
more unconventional or novel topographic characteristics. We ar-
gue that conventional methods such as ANOVA-type analyses are
generally less powerful in these situations to capture the true effects
within the data.

Within the scope of this thesis, we emphasise that both LMMs
and GAMMs are suitable alternatives to more conventional by-
condition averaging approaches. Naturally, we urge caution in the
application of these methods, because they may not be appropriate
for all experimental designs and datasets. Furthermore, detailed
knowledge about both the assumptions of these approaches and
their implementation in statistical software are needed to prevent
accidental misuse. At this point, we would like to highlight that
the current status quo is that statistical advice is often sought after
the completion of the data collection and the data analysis. This is
reflected in a famous quote by R. A. Fisher: “To consult the stat-
istician after an experiment is finished is often merely to ask him
to conduct a post-mortem examination. He can perhaps say what
the experiment died of.” (Fisher, 1938). Therefore, we propose that
the collaboration with statistical consultants should be routinely
integrated into the empirical research cycle: researchers and stat-
istical consultants should work together from the beginning of an
experimental study to devise the most optimal design and analysis
plan given a particular research question and available resources.
We argue that collaborations between researchers and statistical
consultants would represent a major development in the field of
neurolinguistics and all its connected fields in terms of the overall
research quality and the credibility of science as a whole. We go one
step further and argue that this could be at least a partial mitig-
atory strategy for the (mis)use of statistical techniques, which was
outlined as one problematic aspect of current published research
(Sönning & Werner, 2021). Therefore, this notion of close collabor-
ation with statisticians is highly relevant to the ongoing replication
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crisis and Open Science (Munafò et al., 2017; Sönning & Werner,
2021).

9.3.2 Open Science

Connected to the notion of adopting more suitable statistical
approaches and increasing the collaboration with statistical con-
sultants, we also placed a special emphasis on making our work
accessible to the scientific community. Therefore, anonymised data
from each of our studies as well as the relevant analysis scripts are
openly available in the Open Science Framework (Foster & Dear-
dorff, 2017). These data can be freely used by other researchers to
validate our results or to pursue other research avenues. Moreover,
throughout our chapters we also put a special effort into providing
detailed descriptions of our participants, tasks and stimuli selec-
tion procedures, design choices and analysis procedures. This is
consistent with the core principles of the Open Science movement
(Mirowski, 2018; Vicente-Saez & Martinez-Fuentes, 2018). Funda-
mentally, Open Science should be seen as a critical building stone
of future research. Subsequently, the empirical research cycle needs
to be embedded within the principles proposed by Open Science for
transparent, reproducible, robust and ethical research.

9.4 Limitations

There are some limitations to our work. First and foremost,
we acknowledge that our results are likely most applicable to the
specific populations tested in our studies. As indicated throughout
this thesis, our findings overwhelmingly suggest that multilingual-
ism is a highly complex, multidimensional phenomenon. Research
into this field is only beginning to capture the full complexity of
the multilingual experience and the corresponding behavioural and
neural correlates. Therefore, broader generalisations should only be
made once more research has corroborated our work and the work
from previous studies in the literature.
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Another limitation of our study is concerned with the more gen-
eral debate around the quantification of language similarity between
different languages (Cavalli-Sforza et al., 1994; Schepens et al.,
2012; Van der Slik, 2010). In the introduction, we defined lan-
guage similarity as the structural morphosyntactic, orthographic
word form and phonological word form overlap across languages
(Foote, 2009; Rothman & Cabrelli Amaro, 2010). However, we are
aware that this definition may not encompass all possible dimen-
sions of similarity between languages. Most critically, it does not
include the subjective experience of similarity between languages, as
briefly discussed in Ringbom and Jarvis (2009). Their work suggests
that language learners differ in their perception of what constitutes
a “similar” linguistic construct or a “similar” language compared to
their native language. Therefore, more research is needed to develop
an objective measure of language similarity. Importantly, such a
measure should (at least) include quantitative ways of calculating
language similarity, such as phonological similarity, orthographic
similarity as well as draw from research on genetic distance. Critic-
ally, the measure should also incorporate the subjective experience
of language similarity of each individual speaker. We are optimistic
that future research will be successful in this respect, especially if
joint efforts are made across the fields of neurolinguistics, cognitive
neuroscience, language genetics and linguistics.

The third limitation is the evident need for a reliable and object-
ive measure of multilingualism, and/or the multilingual experience.
Several methods for quantifying different aspects of multilingual-
ism are currently available, see Marian and Hayakawa (2021) for an
overview. One example is the LEAP-Q (Kaushanskaya et al., 2020;
Marian et al., 2007), as used in this study. Other examples include
the Language History Questionnaire (P. Li, Zhang, Tsai & Puls,
2014), the Language Exposure Assessment Tool for infants and
children (DeAnda, Bosch, Poulin, Zesiger & Friend, 2016), or the
Language and Social Background Questionnaire, LSBQ (Anderson,
Mak, Keyvani Chahi & Bialystok, 2018). We acknowledge that one
current challenge lies in the fact that researchers are only begin-
ning to understand the depths of the multilingual experience. Yet,



General discussion 383

there is a distinct lack for an all-encompassing, standardised meas-
ure to capture all aspects of multilingualism in its full complexity.
There is promising research attempting to unify different measures
and to generate an objective measure for multilingualism, see for
example Marian and Hayakawa (2021). Therefore, there are some
recent initiatives to devise the ultimate measure of the multilingual
experience. With respect to the studies reported here, we are aware
that the measures used throughout this thesis may not encompass
all aspects of multilingualism. However, we are confident that cur-
rent research is in the process of solving this particular challenge.

The fourth limitation is connected to the interpretation of ab-
sent effects in light of statistical power, specifically of behavioural
effects. As is evident throughout this thesis, we have not included a
priori power analyses to motivate our sample sizes but instead opted
to base them on prior work. We know from previous literature that
underpowered studies pose a threat to the scientific advancement
in that their results should be interpreted with caution (Brysbaert,
2019; Brysbaert & Stevens, 2018; Westfall, Kenny & Judd, 2014).
More recently, there have been concrete efforts to mitigate this
long-standing issue, for example by means of detailed accounts on
how to perform power analyses with specific experimental designs
and statistical analyses in mind. For example, Brysbaert (2019)
and Brysbaert and Stevens (2018) describe how to achieve 80%
power in balanced designs using t-tests, one-way ANOVAs with
three-between group levels, one-way repeated-measures ANOVAs
with three levels or two-way repeated-measures ANOVAs. More re-
cently, there has been work on how to perform power analysis on
designs with one fixed effect with two levels and two random effects
(Westfall et al., 2014), and more complex designs warranting mixed
effects modelling with two-level fixed factors and multiple random
effects (Brysbaert, 2019). However, when it comes to more complex
designs where the analysis entails several fixed factors, interactions
between factors and more complex random effects structures, as
were presented throughout the current thesis, there is little con-
sensus on how to calculate effect sizes or statistical power. In other
words, guidance on calculating statistical power for the designs fea-
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turing in this thesis is currently difficult to obtain, in particular
with respect to EEG studies. One potential solution is to employ
simulations (Brysbaert & Stevens, 2018) using dedicated software
such as the R package simr (P. Green, MacLeod & Alday, 2022).
However, this requires highly specialised skills and is currently not
straightforward to implement. Nevertheless, we acknowledge and
strongly support the efforts to conduct adequately powered studies
in order to build a stable foundation for future studies in the name
of science.

The fifth and final limitation is the lack of a standardised ap-
proach to pre-processing EEG data, which represents a more general
challenge to the fields of psycholinguistics, neurolinguistics and cog-
nitive neuroscience. Current EEG studies on the neural correlates of
non-native language processing are characterised by the large vari-
ation in terms of EEG recording and data pre-processing (Alday
et al., 2017; Barber & Carreiras, 2005; Bürki & Laganaro, 2014;
Costa et al., 2009; Eulitz et al., 2000; Foucart & Frenck-Mestre,
2011; Hahne, 2001; Midgley et al., 2011; Molinaro et al., 2008; Pao-
lieri et al., 2020; S. Rossi et al., 2006; Strijkers et al., 2010; Von
Grebmer Zu Wolfsthurn et al., 2021b). One connected challenge is
the need for individually tailored EEG data pre-processing proced-
ures due to the large differences in participants’ EEG within and
across studies. Yet, this is not an issue unique to electroencephal-
ographic research: for example, this issue has long been known to
researchers using functional magnetic resonance imaging (fMRI),
see Waller et al. (2022). Researchers in that field have been ex-
plicitly pushing towards the standardisation of fMRI data collec-
tion and data analysis approaches (Pauli et al., 2016; Waller et al.,
2022). For work involving EEG, there have also been relatively re-
cent attempts at advancing and standardising EEG pre-processing
pipelines, see for example Motamedi-Fakhr, Moshrefi-Torbati, Hill,
Hill and White (2014), or Rodrigues, Weiß, Hewig and Allen (2021).
However, standardised EEG data pre-processing procedures do not
exist yet. Nevertheless, we are hopeful that the standardisation of
the EEG procedures, at least to a certain extent, will be imple-
mented in the near future. Subsequently, this will give researchers
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increased confidence in their work and will have critical implications
for the replication crisis.

Taken together, the core take-away messages from our limit-
ations are the following: we need more research on a larger pool
of diverse multilingual populations; we need exhaustive measures
of language similarity and the multilingual experience; we need
guidelines on conducting power analyses for complex experimental
designs; and finally, we are in need of a standardised approach to
EEG data pre-processing and analysis. These are complex issues to
address, but even small progress on any of these five issues will rep-
resent a radical step forward in the field and drive the advancement
of science.
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Diependaele, K., Lemhöfer, K. & Brysbaert, M. (2013). The word
frequency effect in first- and second-language word recog-
nition: A lexical entrenchment account. Quarterly Journal
of Experimental Psychology , 66 (5), 843–863. doi: 10.1080/
17470218.2012.720994

Dijkstra, T., Miwa, K., Brummelhuis, B., Sappelli, M. & Baayen,
H. (2010). How cross-language similarity and task demands
affect cognate recognition. Journal of Memory and Language,
62 (3), 284–301. doi: 10.1016/j.jml.2009.12.003

Dijkstra, T. & Van Heuven, W. J. (2002). The architecture of
the bilingual word recognition system: From identification to
decision. Bilingualism: Language and Cognition, 5 (3), 175–
197. doi: 10.1017/S1366728902003012

Dijkstra, T., Van Heuven, W. J. B. & Grainger, J. (1998). Simulat-
ing cross-language competition with the bilingual interactive
activation model. Psychologica Belgica, 38 (3-4), 177–196.
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Nederlandse samenvatting

Het spreken van meer dan één taal heeft een diepgaande invloed
op zowel de geest als de hersenen. Maar hoe beheren de meerta-
lige hersenen zowel een moedertaal als een niet-moedertaal? In dit
proefschrift heb ik geprobeerd om de meertalige ervaring van late
taalleerders op drie manieren te karakteriseren. Ten eerste heb ik
het effect van onderlinge bëınvloeding tussen de moedertaal en een
andere taal (cross-linguistic interference; CLI) op het begrip en
het productievermogen in de niet-moedertaal onderzocht. Hierbij
was ik vooral gëınteresseerd in hoe overeenkomsten in grammaticale
geslachtssystemen en de orthografische en fonologische woordvorm
weerslag vinden in hun gedragscorrelaten en neurale correlaten bij
late taalleerders. Ten tweede heb ik rechtstreeks verschillende meer-
talige populaties vergeleken om de effecten van taalgelijkenis op CLI
en het begrip en productie van een andere taal te kwantificeren.
Ten derde heb ik onderzocht of en hoe taalgelijkenis buiten taal-
verwerking om van invloed is op hogere cognitieve functies, zoals
inhibitoire controle. Dit zijn cruciale vraagstukken omdat zij recht-
streeks betrekking hebben op de wijze waarop de moedertaal en een
andere taal in de hersenen naast elkaar bestaan. Bovenden helpen
de antwoorden op deze vragen ons om de functionele organisatie
van deze talen in het meertalige brein te karakteriseren.

In verschillende studies hebben wij deze kwesties systematisch
onderzocht aan de hand van diverse experimentele paradigmata en
een combinatie van gedrags- en hersenmetingen. Wij gebruikten
bijvoorbeeld elektro-encefalografie om een gedetailleerd inzicht te
krijgen in de onderliggende mechanismen van begrip en productie
in een niet-moedertaal. Daarnaast hebben we bijzondere aandacht
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besteed aan de transparantie van onze onderzoeksmethoden, ex-
perimentele ontwerpen en procedures in overeenstemming met de
beginselen van Open Science. Verder hebben we de statistische aan-
pak die in dit proefschrift is gebruikt, grondig beschreven. Hierbij
gingen we verder dan gebruikelijk voor de analyse van complexe
datasets zoals elektro-encefalografische gegevens.

In hoofdstuk 2 hebben we CLI onderzocht in het begrip van
een niet-moedertaal bij Duitstaligen die op late leeftijd Spaans
leren. We hebben onderzocht of bepaalde taalkundige overeenkom-
sten een cumulatief effect kunnen hebben op de taalverwerking, en
of late taalleerders gevoelig zijn voor syntactische fouten in gram-
maticaal geslacht.

Hoofdstuk 3 karakteriseert binnen het kader van CLI de afzon-
derlijke stadia van niet-moedertalige productie van dezelfde Duits-
Spaanse late leerders die in hoofdstuk 2 genoemd zijn. In het bijzon-
der hebben we onderzocht tot aan welke productiefase en in welke
mate anderstaligen met CLI werden geconfronteerd. Hierop voort-
bouwend hebben we ook gekeken naar de locus van doeltaalselectie
tijdens de anderstalige productie.

In hoofdstuk 4 zijn we overgestapt op een andere meerta-
lige populatie, namelijk moedertaalsprekers van het Italiaans die
op latere leeftijd Spaans leren. Dezelfde vragen als in hoofdstukken
2 en 3 worden gesteld om te onderzoeken of de resultaten uit die
vorige hoofdstukken ook van toepassing zijn op een combinatie van
twee talen die meer op elkaar lijken. In het bijzonder wilden we
de impact van CLI op zowel het begrip als de productie van niet-
moedertaalsprekers onderzoeken, met behulp van een soortgelijke
methodologie als in de vorige hoofdstukken.

In hoofdstuk 5 hebben we de invloed van taalovereenkomst op
het begrip van een niet-moedertaal onderzocht. Bij de vergelijking
van begrip van een niet-moedertaal in de Duits-Spaanssprekenden
en Italiaans-Spaanssprekenden vroegen we ons af of sprekers van
talen die sterk op elkaar lijken een inherent verwerkingsvoordeel
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hadden ten opzichte van sprekers van minder op elkaar lijkende
talen. Hierbij hebben we vooral getracht om een potentiële impact
van taalgelijkenis op het begrip van een niet-moedertaal vanuit een
neuraal perspectief te beschrijven.

Hoofdstuk 6 is een aanvulling op het vorige hoofdstuk, omdat
het het productievermogen in een niet-moedertaal direct vergelijkt
met betrekking tot de taalgelijkenis in het geval van de Duits-
Spaanse sprekers en de Italiaans-Spaanse sprekers uit het vorige
hoofdstuk. We hebben gekeken of sprekers van talen die sterk op
elkaar lijken een meetbaar productievoordeel hadden in hun niet-
moedertaal in vergelijking met sprekers van talen die minder op
elkaar lijken.

In hoofdstuk 7 gingen we verder dan de rol van taalovereen-
komst in begrip en productie in niet-moedertalen. In het bijzon-
der hebben we namelijk onderzocht of sprekers van sterk op elkaar
lijkende talen, bijvoorbeeld Italiaans-Spaans, een algemeen voordeel
ontwikkelden met betrekking tot inhibitoire controle in vergelijking
met sprekers van talen die minder op elkaar lijken, zoals het Neder-
lands en het Spaans. Met behulp van een eenvoudige gedragstaak
hebben we de prestaties van deze twee groepen op het gebied van
inhibitoire controle onderzocht om zo een mogelijke impact van taal-
gelijkenis op hogere cognitieve functies te onderzoeken.

In hoofdstuk 8 hebben we de neurale correlaten van taalbe-
grip bij moedertaalsprekers van het Spaans verkend in het kader
van de controverse in de huidige literatuur over de neurale correl-
aten van de verwerking van grammaticaal geslacht in het Spaans.
We hebben hebben zo de primaire neurale correlaten bestudeerd
van de verwerking van grammaticale fouten in combinaties van de-
terminatoren en zelfstandige naamwoorden in moedertaalsprekers
van het Spaans. Verder hebben we geavanceerde statistische tech-
nieken toegepast om robuust bewijs te leveren voor dit specifieke
debat.
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