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Abstract
This paper lays out a pilot study conducted to examine the roles of Cross-Linguistic
Influence (CLI) and cognitive resources on processing and parsing in a second language. The
present study builds upon one conducted by Andersson et al. (2018) investigating behavioral
and electrophysiological (EEG) responses to syntactic violations in a first or second language.
The main goal of the previous study was to investigate whether the presence or absence of
a syntactic feature (in this case V2 word order) would predict electrophysiological and/or
behavioral responses to syntactic (word order) violations in the second language. The study
found that while +/- V2 in the L1 did not seem to influence behavioral data, it did show
some influence on the EEG results. The goal of the present study is twofold. We seek
first to replicate the previous online and offline results found in a -V2 population, and then
investigate the role of linguistic and cognitive variables in modulating the anticipated effect.
We show that the same effect demonstrated by the -V2 participants in Andersson et al. (2018)
is borne out in our French participants in the form of an anterior P600 effect. Furthermore,
our data show a relationship between offline measures of cognitive functioning and online
responses to linguistic stimuli. This work has implications for our understanding of crosslinguistic influence in L2 acquisition, as well as the role of domain general cognitive functions
in processing language.
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Introduction
Background and rationale The present project is centered on second language acquisition in
the field of cognitive neuroscience of language. It will address the general issue of how languages
interact, i.e., Cross-Linguistic Influence (CLI). More precisely, we are interested in the transfer of
linguistic information between a first (L1; here French) and a second language (L2; here Swedish).
We will focus on the processing of syntactic information of word order. The justification of selecting
this pair of languages (i.e. French-Swedish) with respect to the question of word order processing
is motivated as follows. Typologically, Swedish, like most Germanic languages, uses a verb-second
(V2) word order, meaning that the finite verb of a clause or sentence is placed in second position
with a single major constituent preceding it, while French does not. Consequently, the aim of
our project will be to examine how second language learners adapt their parsing strategies for
processing a L2. The parsing strategies used by the bilinguals when confronted with a linguistic
phenomenon, i.e. V2 word order, that does not exist in their L1, will be considered as a function
of different linguistic and extra-linguistic factors. In order to approach this question, we plan
to conduct an EEG pilot experiment using the paradigm of violation (presence of word order
incongruities in the critical Swedish sentences), while subjects read syntactically correct (V2) or
incorrect (V3) sentences.
This study represents a follow-up to Andersson, Sayehli, and Gullberg (2018) which examined
English-Swedish and German-Swedish bilinguals.
Key research question: How does language background affect syntactic processing in L2?
General hypotheses: Based on the previous research using this paradigm, our hypothesis is
that L2 learners will not demonstrate native-like processing of syntactic features that do not exist
in their L1. We propose that this effect is modulated by language experience as well as cognitive
functions, such that the better a speaker is in a language, the more attention is mobilized when
confronted with an error.
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Methods
Method is designed to replicate that of Andersson et al (2018).
Participants
Our subjects will be French-Swedish successive bilinguals living in France.
For the purposes of the master’s thesis, we will test 12 participants between the ages of 18
and 35 who learned Swedish as adults. All participants must be right-handed native speakers of
French. Participants who are left-handed, older than 35, or had significant exposure to Swedish
before adulthood, or who report neurological deficits or current psychiatric medication will be
excluded. If time and resources permit, we will collect 18 additional participants (for a total of
30), such that we will have a sample size equal to that of the original study.
Procedure and stimuli
Procedure We are using the same stimuli and procedure as Andersson et al (2018), with the
addition of a test of executive functioning. An experimental session will be divided into the
following parts:
1. Participant signs consent form in native language, and is randomly assigned to one of two
groups.
2. Participant is fitted with an EEG cap while they fill out a questionnaire regarding their
language background, handedness, and socioeconomic status (approximately 15 minutes).
3. Participant completes the Acceptability Judgment Task (AJT) during EEG recording. Participants are presented with sentences in the L2 which they must judge as acceptable or
unacceptable, indicating their response with a button box (approximately one hour). In
addition to scalp electrodes, mastoid electrodes will be used for reference, and electrodes
will be placed above and below the left eye, as well as at the outer canthi of both eyes to
detect eye movements for purposes of artifact rejection.
4. Participant completes a Swedish proficiency test (approximately 10 minutes).
5. Participant completes the Sentence Completion Task (SCT), selecting the correct order for
the subject, verb, and object in sentences of various types in the L2 (30 minutes, timed).
6. Participant completes two tasks assessing executive functioning: Stroop & Navon.
7. Participant completes an English proficiency test (approximately 10 minutes).
8. Participant is thanked, appropriately debriefed, and remunerated for their time.
Total session time should be just under 2.5 hours.
Stimuli All linguistic stimuli deployed (i.e., those in the AJT and SCT) are those used in the
Andersson et al (2018) study. Because these same stimuli were found to be valid for native Swedish
speakers as well as other populations of L2 learners, we will not pre-test our stimuli.
1. Acceptability Judgement Task (AJT): According to their group assignment, participants will receive one of two sets of stimuli, i.e., the same set of sentences but counterbalanced
so that sentences having the illegal V3 word order in one list have the legal V2 word order
in the other, and vice versa. Each list will have 480 sentences of the types Grammatical V2
(160), Ungrammatical V3 (160), and Fillers (160). To control for wrap-up effects, critical
sentences have a final phrase between 0-5 words. Sentences are presented word by word on
the center of a computer screen (white font on black background) with each word on the
screen for 300ms with an inter-stimulus interval of 200ms. Final words include full stops.
2
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The last word is followed by a blank screen for 700ms, after which three question marks
appear until the acceptability judgment is made. Triggers are sent to the EEG time-locked
with the critical word, i.e., the subject—the point at which the word-order violation could
first be detected.
2. Sentence Completion Task (SCT): Each sentence consists of a lead-in fragment followed
by boxes with words or word combinations that must be put in order by ranking them from
“1” to “3” so that the sentence is grammatical. In experimental sentences (60), the leadin fragment consists of one of two adverbials. Half of the sentences have long prefields
with additional prepositional modifiers. Experimental sentences are intermingled with fillers
(180), consisting of four sentence types: topicalizations (90), questions (30), SVX sentences
(30), and negated sentences (30). Sentences are pseudo-randomized such that no more than
three sentences from the same condition can appear in series.
3. Swedish proficiency test: Word and Grammar subsection of Swedex targeting the B1
level of the Common European Framework of Reference for Languages.
4. English proficiency test: Oxford placement test 2
Measures
Critical measures
1. Performance on AJT (percent correct)
2. RTs on AJT
3. ERPs during AJT (targeting frontal P300, and posterior P600 components)
4. Performance on SCT
Control measures
1. Handedness
2. Language history
3. Socioeconomic status
4. Measure of executive functioning
5. Swedish proficiency
6. English proficiency
Predictions
Since French is -V2, we would predict the ERPs to resemble those of the native English speakers
in the original Andersson et al study, i.e., less native-like than the German learners. Because
their participants were deliberately matched for proficiency, that study did not find any effect
of proficiency level on online responses. We predict that given a range of proficiency levels, we
will see a) an overall decrease in amplitude of ERPs in all time windows, and b) a decrease in
difference between conditions in the 500-700ms range (i.e., P600 response). We further predict
that the P300, thought to sign involvement of attentional resources, will be modulated both by
language proficiency and executive functioning.

3
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Analyses
For the AJT data, response accuracy will be measured by computing d-prime (d’) scores.
For the EEG data, data will be high-pass filtered above 0.5 Hz, and low-pass filtered below 40
Hz to reduce high-frequency noise. Data is then divided into 1,100 ms epochs of 1,000 ms poststimulus onset, and a 100 ms pre-stimulus baseline. Visual artifact rejection will be conducted
using the FieldTrip toolbox, using the ’summary’ method, with follow-up reviews in the ’channel’
and ’trial’ methods for verification.
Following the visual artifact rejection, data will be subjected to Independent Component Analysis (ICA) using the ’runica’ routine implemented by the EEGLAB toolbox. The topographies
and time courses of the components output by the ICA will be visually inspected to determine
which represent ocular and motor artifacts, and subsequently removed. The data will be visually
inspected after component removal to ensure that no more artifacts remain.
Mean amplitude will be taken for each of the following post-stimulus time windows: 300500, 500-700, 700-900, and 900-1000ms. We will then use a repeated measures ANOVA with the
within-subject factors:
1. Word order (V2/V3)
2. Hemisphere (right/left)
3. Lateral position (lateral/medial)
4. Anterior/Posterior position (frontal/ fronto-temporal/ temporal/ central/ parietal/ occipital)
Language group (native vs. L1 French) will be the between-subjects factor.
To examine the relationship between proficiency or other variables and ERP, average difference
amplitudes will be calculated (V2-V3) for each electrode in the selected time windows. We will
then use Pearson’s correlations to examine relationships between our difference amplitude measures
and offline measures.
The native Swedish data was reprocessed on the same machine using the same pipeline as the
L2 data to ensure that everything worked properly and was comparable between populations.
To further probe the ERP in the future, source reconstruction analyses will be conducted on
the native Swedish data, as well as the collected L2 data in the time windows of interest. We also
hope to conduct exploratory clustering and classification analyses.
Interpretation
If the Pearson’s correlations confirm a relationship between offline executive functioning and proficiency tasks, and the amplitude of the ERP in the 300-500ms and 500-700ms windows respectively,
then our hypotheses about proficiency and attention are verified. Both of these relationships should
have positive correlations.

Expected contributions
Study (paradigm, stimuli, etc.) originally designed by Annika Andersson, Susaan Sayehli, and
Marianne Gullberg, who collected baseline data from native Swedish speakers. Jeremy Yeaton will
be responsible for recruitment, data collection, pre-processing, and analysis. Mathilde de Saint
Leger will provide support with preparation of stimulus delivery. Frédéric Isel will provide critical
guidance and support throughout the process, particularly during analysis and interpretation.
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V2 word order in L2 acquisition

1

Introduction

There is considerable debate as to the role of a
native language (L1) on the learning and processing of a second language (L2). The impact
of the L1 on a learned L2 is known as CrossLinguistic Influence (CLI; Jarvis & Pavlenko,
2008; Sharwood Smith & Kellerman, 1986; Odlin,
2012). The particular case we examine here is
that of Verb-Second (V2) word order, a common
feature of Germanic languages.
Andersson et al. (2018) conducted a study
investigating this exact question. They sought
to investigate whether the presence (+V2) or
absence (-V2) of V2 word order in the L1 of
proficiency-matched participants impacted their
online and offline responses to word order violations. The violations in question come in the
form of V3 word order (sentence 2), instead of
the correct V2 word order (sentence 1). In these
V3 cases, the verb appears in the third position
in the sentence, a structure which is not permitted in main clauses in Swedish.
(1)

Idag
läste hon tidningen
Today read she paper.def
‘Today she read the paper’

(2)

* Idag
hon läste tidningen
* Today she read paper.def
*‘Today read she the paper’

Andersson et al. (2018) found that learners
whose L1 was +V2 did not perform significantly
better than learners whose L1 was -V2 in offline
production and judgment tasks. They did find,
however, that the +V2 learners showed much
more native-like online electrophysiological responses than the -V2 learners. These electrophysiological responses came in the form of electroencephalographic (EEG) event-related potentials (ERPs). The ERP methodology seeks to
measure how a particular stimulus, in this case
linguistic violations, is reflected in the electrical activity of the brain measurable at the scalp
by time-locking the EEG response to the onset
of the stimulus in question and then averaging
across trials by condition. EEG is an appropriate tool for these investigations because the
responses in question unfold very quickly, sometimes within a few milliseconds. A drawback
of EEG, however, is the poor spacial resolution.
Thus, while we can tell when something is happening, with relatively high accuracy, it is very
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difficult to determine where it is happening with
any sort of precision.
In the case of the ERPs in the Andersson
et al. (2018) study, the +V2 learners differed
from the native Swedish group only in the last
100ms of the analyzed epoch, whereas the -V2
learners differed both from the +V2 learner and
native Swedish groups at all time windows of
interest. More specifically, they found that all
groups showed an increased early posterior negativity followed by a larger posterior positivity
in response to word order violations relative to
a baseline condition. This P600 component is,
however, localized not only at posterior sites.
The differences between conditions during this
time window were in fact most pronounced over
anterior sites. This difference between conditions demonstrates that all groups were sensitive
to word order violations in Swedish. Andersson
et al. (2018) proposed that the frontal positivity
elicited in English learners represents a different
type of processing of a syntactic structure given
that it is absent from their L1, as compared
to the Germans where the structure is present.
They further proposed that the anterior positivity could indicate increased mobilization of
attentional resources in the L2 population relative to native speakers in response to a word
that is unexpected in a constrained context. It
is this suggestion which motivates the investigation into cognitive resources used in the present
study.
Our goal here is twofold. We seek to reproduce the effect seen in -V2 learners with a different population, and to further examine what
impact cognitive functions might have on the
processing of word order in an L2. We are particularly interested in selective attention and interference control, as these skills are required to
select the information necessary for language use
in a given situation and to reduce undue influence from other stimuli or internal representations.

2
2.1

Background
V2 word order

In language typology, word order is defined as
how the subject, verb, and object (S, V, O) are
organized relative to one another in the main
clause of declarative sentences in a language.
This ordering varies across languages and lan-
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guage families (Greenberg, 1963). Most of the al., 2007). The online responses observed, howlanguages in the Germanic family make use of ever, do vary according to the native language
so-called V2 word order wherein the finite verb of the user, supporting a hypothesis involving
is always the second major constituent of a main CLI (Zawiszewski et al., 2011). Several differclause (Dryer, 2005). This can be realized as an ent ERP components have been observed in reSVO word order (subject, verb, object), as well sponse to syntactic or morpho-syntactic violaas an XVS or subject-verb inversion word order, tions: the Early Left Anterior Negativity (ELAN)
where some constituent X–such as an adverbial (A. Friederici et al., 1996, 1993; Hahne & Friederici,
or prepositional phrase–holds the first position 1999, 2002; A. Friederici et al., 2004; Steinhauer
in the sentence, thus relegating the subject to & Drury, 2012), the P600 (Osterhout & Holthe third position.
comb, 1992; Osterhout & Mobley, 1995; A. Friederici
While Swedish consistently displays V2 word et al., 1996; Hahne & Friederici, 1999; Weyerts
order, this structure is secondary to the over- et al., 2002), and even a biphasic N400-P600
all dominant SVO word order (Jörgensen, 1976; ERP (A. Friederici & Meyer, 2004). Both the
Westman, 1974). In contrast to both Swedish LAN and P600 components have been observed
and French, German does not display SVO as in monolinguals and early bilinguals, in addia dominant word order since this ordering is tion to late bilinguals, the population in quesonly available in main clauses without auxil- tion for this study (Steinhauer & Drury, 2012;
iaries. V2 word order is highly prevalent in Ger- Isel et al., 2007). The P600, in particular is
man, occurring slightly more than in Swedish thought to reflect a reanalysis of syntactic infor(Engel, 1974; Bohnacker, 2006). Contemporary mation (Osterhout & Mobley, 1995), or a repair
English displays only SVO word order as V2 of a structural violation (Isel, 2005, 2017). In
word order is no longer productive despite ex- a grammaticality judgement task, Moreno et al.
isting historically. Andersson et al. (2018) ex- (2010) found a P600 component in bilinguals in
ploited the historical relatedness of the three response to syntactic errors in the L2. In fact,
Germanic languages–Swedish, German, and English–
the component demonstrated greater positivity
as a case study in L2 processing and acquisition, in bilinguals than monolinguals, which seems
looking specifically for cross-linguistic influence to point to bilinguals mobilizing more cogniof these word ordering rules.
tive/ executive resources in response to syntacContemporary French falls into the same cat- tic errors than their monolingual counterparts.
egory as English, displaying only SVO word or- This is consistent with the findings of Andersson
der in finite main clauses, but is typologically et al. (2018). The main components identified
not as closely related to Swedish and German in the Andersson et al. (2018) study were the
as English is.
P600 and LAN, with a P300 peak appearing in
all groups but not differentiating them. This
frontal P300 component is thought to indicate
2.2 Word order processing
involvement of attentional resources or syntactic
The tracking of word order is critical to language complexity.
use and comprehension. Speakers and listeners
must track the incoming signal, parse it into its
2.3 Bilingualism & Cognitive Funccomponent words, and then arrive at an intertioning
pretation. If the syntactic rules governing the
ordering of words in a sentence are broken, how- Many studies over the years have identified areas
ever, there are a variety of effects that can be ob- where bilinguals outperform their monolingual
served. The processing of so-called word order counterparts on cognitive tasks (see Bialystok
violations has been a question in the literature et al., 2009, for a review). Some examples of
for several decades, since Kutas & A. Hillyard such a bilingual advantage have been identified
(1980) was published employing the paradigm as having smaller interference and larger faciliof violation in an ERP study. Many studies tation effects on certain tasks than their monosince then have employed the same paradigm lingual counterparts, characterized as better exto investigate syntactic violations using ERP- ecutive control of perception/action processing
based methodologies (Neville et al., 1991; Os- (Bialystok et al., 2008), better metalinguistic
terhout & Nicol, 1999; A. Friederici et al., 1996; and linguistic conflict resolution skills (Wolleb
A. D. Friederici, 2002; Hagoort, 2003; Isel et et al., 2017; Ye & Zhou, 2009b; van Herten et
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al., 2006), better overall executive functioning 2.3.1 Selective Attention
and cognitive control (Ye & Zhou, 2009a; Nee
Selective attention, or the capacity to select peret al., 2007), and enhanced language learning
tinent information for the resolution of a task
skills in childhood (Hopp et al., 2019).
while ignoring distractor stimuli, is thought to
The so-called bilingual advantage is thought
play a significant role in the ability of bilinguals
to be the result of the need for bilinguals to acto control which language they are accessing at
tively monitor and control which language they
a given time. As such, the practice of such a skill
are using at any given time. There are two main
would have benefits beyond simply selecting betheories for how this language selection takes
tween languages. Bialystok (2001), for example,
place: either the unused language(s) is/are acfound that bilingual children have an advantage
tively inhibited, or the used language is actively
in selective attention and inhibition which is arselected, and the process of switching between
gued to be associated with enhanced frontal lobe
them is a cognitively taxing task (Swainson et
effectiveness. Costa et al. (2008) found that real., 2001). Colzato et al. (2008) proposes a dissults on the Attention Network Task (ANT; Fan
tinction between these where the former would
et al., 2002) supported the hypothesis of greater
be active inhibition or the general global supattentional control by bilinguals in the alerting
pression of the nonrelevant language, whereas
and executive control network. Friesen et al.
the latter would be reactive inhibition or the
(2015) found that bilinguals outperformed their
lack of suppression of specific interfering stimmonolingual counterparts in response speed duruli. The proposal here being that the bilingual
ing a challenging visual search task suggesting
advantage is not due to constantly actively inthat bilinguals have a better control of visual
hibiting the the non-used language but rather to
attention. Bilinguals have also been shown to
prolonged practice at maintaining the relevant
have an advantage in auditory attention in adattention set. They grant, however, that such
dition to visual, and in fact this auditory adselection may still involve strong inhibition of
vantage is shared by late bilinguals (Bak et al.,
competing items.
2014). The fact that late bilinguals appear to
The neural mechanisms required to control
demonstrate some effects of bilingual advantage
switching between languages has been documented
may provide insight into neural plasticity and
both in populations who use more than one spoour understanding of second language acquisiken language, as well as in speech-sign bilintion and development.
guals, however it does not appear as though
speech-sign bilinguals enjoy the same bilingual
advantage as speech-speech bilinguals. Emmorey 2.3.2 Interference Control
et al. (2008), for example, found that bilinguals Interference control, or interference suppression,
who spoke one language and signed another re- is the capacity to ignore or suppress misleadsponded comparably to monolinguals on a flanker ing information which would lead to a faulty retask of selective attention.
sponse in the task at hand (Bunge et al., 2002).
The two main areas of cognitive control where Bilinguals must be good at this in order to supbilinguals are thought to outperform their mono- press a) external linguistic stimuli which are not
lingual counterparts are in selective attention pertinent to the current language use, and b)
and interference control (see Adesope et al., 2010, internal linguistic information that would lead
for a meta analysis) although these benefits have to a faulty linguistic or behavioral response. In
not always been replicated (Paap et al., 2018; this way, bilingualism is thought to boost frontal
Papageorgiou et al., 2019). The detection and lobe functions (Bunge et al., 2002). The Stroop
resolution of a linguistic conflict, as would arise task (Stroop, 1935) is generally considered as
in a linguistic violation, is thought to rely on ex- the gold standard for linguistic interference, and
ecutive functions skills, a set of cognitive skills accordingly is often used to test interference congoverning control of a variety of processes (Miyake trol. Bialystok et al. (2008) found that bilinet al., 2000). The executive functions in ques- guals across the lifespan, demonstrate a lower
tion here are selective attention (Wolleb et al., cost in a Stroop task wherein they make fewer
2017; Ye & Zhou, 2009b; van Herten et al., 2006) errors, and respond quicker than their monolinand interference control (Ye & Zhou, 2009a; Nee gual counterparts.
et al., 2007).
It has been proposed that a general inhibitory
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process is applied to the non-used language in
order to avoid interference effects in the selected
language (A. M. Philipp et al., 2007; A. Philipp
& Koch, 2009). Another proposal is that rather
than suppression, or the inhibition of irrelevant
stimuli, bilinguals show an advantage in the positive selection of information relevant to the task
at hand (Treccani et al., 2009). A meta-analysis
conducted by Donnelly et al. (2019) found that
bilinguals demonstrate a small but significant
advantage on interference control tasks. Interestingly, they found that late bilinguals demonstrated greater advantages than early bilinguals.

2.4

Neural Bases of Control

We now turn to which regions of the brain have
been identified as comprising the system of cognitive control which is so crucial for bilinguals.
There seems, in fact, to be general agreement
in the literature that the anterior cingulate cortex (ACC) and dorsolateral prefrontal Cortex
(dlPFC), particularly on the left side, are implicated in this system both in linguistic and
non-linguistic tasks. A meta-analysis conducted
by Nee et al. (2007) found that the left dlPFC,
ACC, and posterior parietal cortex were engaged
in interference tasks. Ali et al. (2010) further
found that the caudate was activated in order
to control interference during a Stroop task.
This system seems to be especially active
when bilinguals are asked to switch between their
languages, even across different types of tasks.
Wang et al. (2007), for example, found increased
activation in the dlPFC and ACC when subjects switched into their L2, a finding which is
consistent with the idea that bilinguals must inhibit their L1 to speak in their L2. Fan et al.
(2003) found that the ACC and left prefrontal
cortex show a common effect of linguistic conflict. Hernandez et al. (2000) found more activation in the left dlPFC when participants were
switching between naming pictures in English
and Spanish. J. Price (1999) further found that
language switching or mixing induced increased
frontal and parietal activity, consistent with ongoing inhibitory activity to support the selection of a relevant response for the task in the
face of competition. In another picture naming task, Abutalebi, Annoni, et al. (2007) found
that naming pictures in a dual language condition induced more extensive activation in the
left pre-frontal cortex (PFC), the ACC, and the
left caudate than did the same task in a sin-
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gle language condition. They further found that
this activation was intensified when participants
were using their weaker L2, supporting the importance of these regions in selecting a language
in the face of interference. The same control system seems to be in use even in late bilinguals,
as was found by Crinion et al. (2006) in a semantic decision task. Kovelman, H Shalinsky,
et al. (2008) found that the system of control
required for speech-speech bilinguals seems to
behave slightly differently than for speech-sign
bilinguals. In a language switching task, speechsign bilinguals did not show a significant increase in prefrontal activation when they switched
between their two languages. Blanco-Elorrieta
et al. (2018), however, found increased activity
in the dlPFC and ACC in a MEG study with bimodal bilinguals when they were asked to switch
between languages. Control in bimodal bilinguals may behave differently, though, as both
languages can be produced simultaneously without significant influence on one another. Inhibition of the non-selected language is therefore
less crucial.

2.5

Proficiency in Cognitive Control

As we are investigating processing in non-native
speakers, the question of proficiency in the L2
becomes crucial if we wish to consider other variables, especially in neuroelectrophysiological responses. We turn now to what effects proficiency has been shown to have in neurophysiological responses to linguistic tasks. Highly proficient late bilinguals behave neurocogntiviely
differently than monolinguals, early bilinguals,
and lower proficiency late bilinguals. Kovelman,
Baker, & Petitto (2008) showed that despite demonstrating a processing profile that appears similar
to native speakers, high proficiency bilinguals
show evidence of higher processing costs in the
L2, as well as recruitment of control regions.
Abutalebi & Green (2007), however, demonstrated that as proficiency in L2 increases, the
relative difference in activation between L1 and
L2 decreases. These data point to a decrease
in control effort which comes with higher proficiency in the L2. Abutalebi, Brambati, et al.
(2007) found that switching into a more dominant language seemed to require less neural resources to suppress the activation of the less
dominant language than the other way around.

V2 word order in L2 acquisition

3

Predictions

Given that contemporary French is -V2, we would
predict the ERPs to resemble those of the native English speakers in Andersson et al. (2018),
i.e., less native-like than the German learners.
If the French-Swedish bilinguals have adapted
their parsing strategies to the typological characteristics of Swedish, then a larger posterior
P600 should be expected in the word order violation condition in comparison with the control condition during reading of the Swedish sentences (Weyerts et al., 2002). This P600 effect
should be modulated by some of the linguistic
factors, particularly level of proficiency and level
of exposition. Moreover, based on the cognitive control tasks, we predict a modulation of
the frontal P300, as well as the frontal P600
components. The predicted effect is that low
attentional capacity would result in a less robust P300 component, but a greater amplitude
of the frontal P600 because more effort must be
exerted to resolve the conflict that was not detected as early.

4

Methods

The methods described herein are designed to
replicate those used by Andersson et al. (2018),
with the addition of the measurement of selective attention and interference control. The materials are used with the permission of the original authors. All Matlab, Python, and R code
used for the presentation, processing, and analysis in this project are original works of the student.

4.1

Participants

The participants collected in this preliminary
study were four native French speakers (2 female) living in France who had learned Swedish
as a foreign language. All participants were between the ages of 18 and 35 (table 1), and had
normal or corrected to normal vision, reported
normal hearing, and had no history of neurological or language disorders. All participants
filled out a questionnaire about their handedness, socioeconomic status (SES), and language
background, including about their age of acquisition (AoA) and length of exposure (LoE) to
Swedish.
Note that participant 3 grossly overstated
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their proficiency in Swedish, and as such will
be excluded from further analyses as an outlier
(table 1).
The EEG data collected for use as the native Swedish baseline were collected from participants at the Humanities Lab at Lund University in Sweden by Andersson et al. (2018).
These were 20 native speakers of Swedish (8 female, mean age: 23;10, SD: 4;9).

4.2

Tasks and Stimuli

This study employs two linguistic tasks–the Acceptability Judgment Task (AJT) and Sentence
Completion Task (SCT)–and two tasks targeting executive functioning–Stroop (Stroop, 1935)
and Navon (Navon, 1977). All linguistic stimuli deployed (i.e., those in the AJT and SCT)
are those already validated in Andersson et al.
(2018) and for that reason were not re-piloted
for this study.
4.2.1

Sentence Completion Task

To assess written production of sentences with
grammatical word order, a Sentence Completion Task (SCT) was used. Participants were
presented with a lead-in fragment on a computer screen followed by boxes with words or
short phrases. They were instructed to put these
words and phrases in the correct order by ordering them from “1” to “3” so that the sentence is grammatical (fig. 1). Participants were
instructed to drag and drop the responses into
the right order. In experimental sentences (60),
the lead-in fragment consisted of one of two adverbials (”today” or ”at home”), and the boxes
contain the subject—third person singular of either a noun (”the girl”), or a personal pronoun
(”she”); verb in the simple past; and object of
the sentence to be ordered. Half of the sentences
had long prefields with additional prepositional
modifiers (”Today after lunch”). Experimental
sentences were intermingled with fillers (180),
consisting of four sentence types: topicalizations
(90), questions (30), SVX sentences (30), and
negated sentences (30). See table 2 for examples. Sentences were pseudo-randomized such
that no more than three sentences from the same
condition could appear in series. Stimuli were
presented using SurveyMonkey (SurveyMonkey
Inc., 2019). Participants were given up to 30
minutes to complete the task.
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Participant
1
2
3
4
Mean:

Age (yrs)
22.7
23.7
20.7
34.1
25.3
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Sex
F
F
M
M
N/A

AoA (yrs)
19
22
15
32
22

LoE (yrs)
3
1.5
2
1
1.88

Proficiency
7.75
7.0
1.0
6.75
5.63

Table 1: Demographic information about native French participants. AoA = Age of Acquisition,
LoE = Length of Exposure. Proficiency is performance on the Swedex test, and is scored out of
10.

Sentence Type Example
Experimental (60) Hemma tvättade hon filten
Home
washed she blanket.def
‘At home she washed the blanket’
på morgonen handlade han alla de nybakade
kakorna
Topicalization (90) Idag
Today on morning traded
he all the fresh.baked cookies
‘Today in the morning, he sold all the freshly baked cookies’
När
efter lunchen byggde jag ett litet fågelbord?
Question (30)
When after lunch
built
I
one small bird.feeder
‘When after lunch did I build a small bird feeder?’
Jag lovade
att vara hemma i tid
SVX (30)
I
promised to be
home
in time
‘I promised to be home in time’
Jag åkte inte med flyg
Negated (30)
I
went not with flight
‘I did not go by plane’
Table 2: Sentence types used in the AJT and SCT.
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4.2.2

(a) Initial sentence presentation in SCT with response options presented in a random order.

(b) Sentence presentation after participant has
dragged the words into the correct order. Only then
are they presented with the ”OK” button to continue to the next item.

Figure 1: Schematic of a trial for the Sentence
Completion Task (SCT). In each trial, participants saw a sentence with an initial fragment,
followed by several words which would follow,
presented in a random order (1a). Participants
were instructed to drag and drop the words so
that the sentence read grammatically from top
to bottom (1b).

Acceptability Judgment Task

To examine how speakers processed sentences
offline, we used an Acceptability Judgment Task
(AJT). Participants are presented with sentences
in the L2 which they must judge as acceptable
or unacceptable, indicating their response with
a button box. Participants saw 480 (+3 practice) sentences presented word by word on the
center of a computer screen in white font on
a black background using E-Prime 2.0 software
(Psychology Software Tools, Inc., 2016). Each
word was presented for 300ms with an interstimulus interval of 200 ms. Final words include
full stops. The last word is followed by a blank
screen for 700 ms, after which three question
marks appear until the acceptability judgment is
made by pressing a button (either “F” or “J” on
a computer keyboard, counterbalanced across
lists and participants) corresponding to ”good”
or ”not so good” (fig. 2). Once the judgment is
made, participants are presented with a fixation
cross for 500 ms, and then the next trial begins.
The 480 sentences are comprised of the types
Grammatical V2 (160), Ungrammatical V3 (160),
and Fillers (160). To control for wrap-up effects,
critical sentences have a final phrase between 05 words. There were two lists of stimuli such
that sentences having the illegal V3 word order
in one list have the legal V2 word order in the
other, and vice versa. These lists were counterbalanced across participants.
Sentences were presented in 10 blocks of 48
sentences (about 6 minutes per block), with selfpaced pauses between blocks. Blocks were pseudorandomized such that no more than 3 sentences from the same condition (V2 vs V3) would
appear in a row, as well as that sentences with
the same structure could not appear in close
proximity to one another. Participants were
presented all sentences from their list exactly
once.
The participant was instructed to remain as
still as possible while the sentences were on the
screen, leaving the index finger of each hand on
the response keys on the keyboard. Participants
were further instructed not to blink during sentence presentation, but rather to do this while
the question marks were on the screen, as we
were not interested in the response times for this
task.
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Figure 2: Schematic of a trial for the Acceptability Judgment Task (AJT). Sentences were presented word by word on a screen for 300ms each with 200 ms in between. The last word was
presented with a full stop. After the last word, a blank screen would appear for 700 ms, followed
by three question marks (“???”) until participants made a judgment of “good” or “not so good”
via a button press. Following the button press, a blank screen would appear for 1000 ms, followed
by a fixation cross in the center of the screen for 500 ms before the next sentence started. EEG
triggers were synced with the subject of the sentence.
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4.2.3

Executivive Functioning

Stroop Task: As a test of interference control, we implemented a Stroop color word task
(Stroop, 1935). The design of the task incorporated elements from the Stroop sub-task of
the GREFEX battery as well as the Stroop task
described in Heidlmayr et al. (2014). The task
was divided into several sub-tasks by block, and
was administered using ExPyriment, a Python
library for cognitive and neuroscientific experiments (Rossum, 1995; Krause & Lindemann,
2014). In each of the blocks, the trial format was
the same (fig. 3): participants were presented
with a fixation cross in the center of the screen
for n ms, where n is a random number between
500 and 1000 drawn for each trial to reduce
anticipation effects. A stimulus was then presented in the center of the screen against a black
background for a maximum of 1500 ms during
which time the participants were asked to respond using one of four keys on a computer keyboard (D, F, J, K) corresponding to that trial’s
stimulus. These keys were chosen according to
natural hand position on a keyboard, so that
participants could respond with the index and
middle finger on each hand. The color-to-key
bindings were randomized for each participant
but remained consistent for the whole task for
that participant. The keys and colors were displayed on the bottom of the screen from the onset of the fixation cross to the response. If a participant did not respond to a given trial within
1500 ms after stimulus onset, the trial ended.
After each trial, a blank screen was presented for
500ms before the next trial began. Each block
was preceded by instructions and five practice
trials drawn randomly from the block. If participants responded incorrectly to more than two
of these trials, they were reminded of the instructions and sent through the practice trials
again until they made sufficiently few mistakes
to continue onto the experimental trials.
The blocks were organized according to a
non-computerized version of this task (Roussel
& Godefroy, 2008). In the first block, participants were presented with colored rectangles
on a computer screen (fig. 3a). They were
asked to respond by pressing one of four buttons corresponding to the color of the rectangle (blue, yellow, green, or red). In the second
block, participants were presented with words–
BLEU (blue), JAUNE (yellow), VERT (green)
or ROUGE (red)–and participants were asked
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to respond according to the meaning of the word.
These words were presented in white 48pt font
(fig. 3b). In the third block, participants were
presented with words printed in color and asked
to respond according to the color of the word.
These trials consisted of three types: congruent,
incongruent, and neutral. In the congruent trials, participants are presented with a color word
printed in the same color, e.g., VERT (green)
printed in green font (fig. 3c). In the incongruent condition, participants were presented with
a color word printed in a different color, e.g.,
VERT printed in red font (fig. 3d). In the neutral trials, participants were presented with noncolor words–CHAT (cat), CHIEN (dog), MAIN
(hand), or PIED (foot)–printed in color. Words
were always presented in all capital letters.
The first two blocks comprised 40 trials (4
colors × 10 scrambles) evenly distributed across
the four colors. The third block comprised 128
trials (8 words × 4 colors × 4 scrambles), with
a pause after 64 trials. Response times and
responses were recorded for comparison across
conditions. For purposes of analysis, participants who demonstrated comparably high rates
of correctness, and speed of response in incongruent and congruent or neutral trials were considered to have strong interference control skills.
Navon Task: As a test of selective attention,
we implemented a Navon task (Navon, 1977).
In this task, large letters were presented on the
screen, comprised of smaller letters (fig. 4).
The large/ global letter could be comprised of
smaller/ local versions of itself (congruent – fig.
4a), or of another letter (incongruent – fig. 4b).
This task was also presented using ExPyriment
(Krause & Lindemann, 2014). Each participant
was randomly assigned two target letters from
the set {O, S, H, L, A}. Participants were then
asked to detect those letters in different conditions by pressing a key on the keyboard, or a
different key if they were absent. These keys
were counterbalanced across participants.
Stimuli were separated into three blocks with
different instructions for each block. The trial
format was the same for all three blocks. A fixation cross was presented for a period of time
ranging from 500 to 1000 ms. The stimulus was
presented on the screen for 250 ms, after which
the participant had up to 1,500 ms to respond
whether they detected their target letters or not.
If the participant did not respond within 1,500
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(a) Control trial testing color recognition (b) Control trial testing word recognition
without linguistic interference.
without color interference.

(c) Congruent/ facilitation trial where the (d) Incongruent/ competition trial where
word and the font color are the same.
the word and font color are different.

Figure 3: Example stimuli for the Stroop Task. To test for interference control, a Stroop task was
used with trials in three blocks. In the first block (3a), participants were asked to identify colored
rectangles by pressing keys on the keyboard. In the second block (3b), participants were asked
to identify color words printed in black and white. In the third block, participants were asked to
respond only to the text color of the word printed on the screen. This word might be a color word
printed in the same color (congruent – 3c), a color word printed in a different color (incongruent
– 3d), or a non-color word printed in color (neutral – not pictured). Participants are assessed on
correctness, and speed of response, particularly the difference in response time between congruent/
faciliation trials, and the incongruent/ competition trials, where the participant must inhibit the
extraneous linguistic information and respond only to the color.
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ms, the trial ended automatically. There was
a 500 ms inter-stimulus interval after which the
fixation cross was presented as the start of the
next trial.
In the first block, participants were asked
to indicate if their assigned letters were on the
screen either as the global or the local letter.
In the second block, participants were asked to
indicate only if their assigned letters were on the
screen at the global level, and in the third block,
only if they were present at the local level.
Each block comprised 50 trials (5 global letters × 5 local letters × 2 scrambles). Participants who demonstrated comparable rates of
correctness and speed of response at the global
and local level were considered to have strong
selective attention skills.
4.2.4

Proficiency and Questionnaires

Swedish proficiency test: As a measure of
formal Swedish proficiency, the Word and Grammar section of Swedex (Swedex, 2012) was used,
targeting the B1 level of the Common European
Framework of Reference for Languages. Participants were required to fill in blanks in a paragraph with the appropriate Swedish word such
that the sentence would make sense. Participants used a Swedish keyboard for this task to
facilitate writing Swedish letters with diacritics.
English proficiency test: As a measure of
English proficiency, the Oxford placement test
2 (Allen, 1992) was used. English proficiency
had been voiced as a possible confounding variable, so this task was implemented as a control
thereof. In a series of paragraphs, participants
selected among three possible choices to fill in
blanks, such that the paragraphs would be coherent and grammatical.
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1. Participant signed a consent form presented
in their native language (see appendix B),
and was assigned to one of two groups,
which would determine which list of sentences they would see in the AJT.
2. Participant was fitted with an EEG cap
while they filled out a questionnaire regarding their language background, handedness, and socioeconomic status (approximately 15 minutes).
3. Participant completed the AJT during EEG
recording (approximately one hour).
4. Participant completed the Swedish proficiency test (approximately 10 minutes).
5. Participant completed the SCT (30 minutes, timed).
6. Participant completed the Stroop task (approximately 10 minutes).
7. Participant completed the Navon task (approximately 10 minutes.
8. Participant completed the English proficiency test (approximately 10 minutes).
9. Participant was thanked, appropriately debriefed, and remunerated EUR 45 for their
time.
Total session time was between 2.5 and 3 hours
depending on how long participants took on the
various tasks, as well as how many and how long
their breaks were. Participants completed experimental tasks in a dimly lit room.
With the exception of the questionnaire, all
tasks were presented on a computer screen at
eye-level about 40 centimeters from the participant. A normal AZERTY keyboard was used
for all tasks except the Swedish proficiency test.

Questionnaires: In order to gather demographic
information, participants were asked to fill in a 4.4 EEG recording procedure
questionnaire about language history (Gullberg Electrophysiological, that is electroencephalographic
& Indefrey, 2003), handedness (Oldfield, 1971), (EEG) and electrooculographic (EOG), responses
and socioeconomic status or SES (Hollingshead, were recorded while participants read the sen1975). The questionnaire also included ques- tences in the AJT1 . Triggers were sent to the
tions about any formal linguistics training par- EEG system time-locked with the critical word,
ticipants may have had.
i.e., the grammatical subject—the point at which
the word order violation could first be detected.

4.3

Procedure

An experimental session took place as follows:

1 Additional details on the EEG recording procedure,
as well as the experimental stimuli are available in the
online supplementary materials: https://jeremyyeaton
.github.io/supplementaryMaterials/materialsIndex
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(a) Congruent trial where the global (A) (b) Incongruent trial where the global (H)
and local (A) levels match
and local (A) levels do not match

Figure 4: Example stimuli for the Navon Task. To test for selective attention, a Navon task was
used with trials in three blocks. At the beginning of the experiment, participants were assigned
two target letters. In the first block, participants were asked to indicate whether their target
letters appeared at either the global or local level by pressing a key, or another key if their letters
were not there. The procedure was the same for the second block, except that participants were
asked only to search for their target letters at the global level. In the third block, they were asked
to search only at the local level.
The EEG data were recorded from 64 ac- Acceptability Judgment Task: During the
tive electrodes using a BioSemi ActiveTwo sys- AJT, participants were instructed to take their
tem. Electrodes were mounted in an elastic cap. time to respond correctly, as well as to use the
Electrodes were placed according to the 10-20 time while the question marks were on the screen
electrode positioning system (fig. 12a). Only a to blink or move as needed. As such, we did not
subset of these electrodes was used for the ERP record response times during this task. Only the
analyses discussed here, to match the electrodes accuracy of the response was recorded for each
used in the original study (fig. 12b). Four addi- trial. Based on this information, a d-prime (d’)
tional electrodes were used to record horizontal score (Wickens, 2001) was calculated for each
electro-oculogram (HEOG) and vertical electro- participant using the neuropsychology package
oculogram (VEOG) to monitor eye movements in R (R Core Team, 2019; Makowski, 2016). The
and blinks. These were placed above and below d’ is a signal detection-theoretic measure estithe left eye for VEOG, as well as at the outer mating discrimination between the two condicanthi of both eyes for HEOG. Two more elec- tions based on hits, misses, false alarms, and
trodes were placed on the mastoid process be- correct rejections. A score of d’ = 0 means
hind each ear to be used in offline re-referencing. that participants could not reliably detect the
During recording, all scalp electrodes were difference between conditions (or responded at
referenced to the CMS and DRL electrodes which chance), and d’ = 4 means that the participant could perfectly discriminate between the
straddle the POz electrode. Data were re-referenced
to the average of the two mastoid electrodes dur- two conditions.
ing offline processing. The EEG signal was amplified using the ActiveTwo amplifier (bandpass Sentence Completion Task: For each sen.05 - 100 Hz) and digitized at a sampling rate of tence in the SCT, accuracy was determined ac512 Hz.
cording to whether the participant ordered the
parts in the correct V2 word order or in the in4.5 Data treatment and analyses correct V3 word order. This was collapsed into
a mean accuracy score by participant.
4.5.1 Behavioral analyses
For each of the behavioral tasks (AJT, SCT,
Stroop, Navon), responses were analyzed as follows:

Stroop Task: For each trial in the Stroop task,
accuracy of response and response time (RT)
were recorded. Because we are interested here
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in the interference control of our participants,
we included data only from colored word trials
in the congruent, incongruent, or neutral condition. We are interested in the relative facilitation and interference effects that can be observed. As such, the difference in mean RT was
taken between the congruent and neutral conditions (size of facilitation effect in RT), and
the incongruent and neutral conditions (size of
interference effect in RT), as well as the overall difference between congruent and incongruent. In addition, the accuracy of each trial was
recorded, and the percentage correct was compared between the congruent and neutral, and
incongruent and neutral conditions to measure
whether there was any facilitation or interference effect in accuracy respectively.
Navon Task: For each trial, the RT and accuracy was recorded. Based on this, each trial was
coded as being either a Hit, Miss, False Alarm,
or Correct Rejection, and a d-prime score was
calculated for the global and local conditions,
measuring how well the participant could detect the presence of their target letters as either
the large letter or its components, where d’ =
4 would mean no mistakes, and d’ = 0 would
mean effectively random responses. In addition,
the mean RT was calculated for hits in both the
global and local conditions, as well as the difference between the two.
4.5.2
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ocular, movement, and electrode artifacts were
identified and removed based on their scalp topographies, and component time series2 . The
data then underwent visual inspection to remove
any residual ocular artifacts. After artifact rejection was complete, channels that had previously been removed due to noise or artifacts
were interpolated based on an average from their
neighboring electrodes. This step was conducted
after the ICA decomposition so that all channels used in ICA would be independent. Timelocked ERPs were excised from the continuous
EEG signal offline for each participant at each
electrode site in 1100 ms epochs, using a 100 ms
pre-stimulus baseline. Only trials for which a
correct response was supplied during the AJT
were included in subsequent analyses. To be included in further analyses, a participant must
have had at least 10 artifact-free trials per condition.
ERP processing was conducted using FieldTrip (Oostenveld et al., 2011). EEGLab (Delorme & Makeig, 2004) was used to read in the
raw data, as well as for its ICA functionality.
Both of these are toolboxes for Matlab (MATLAB, 2017).
Because the baseline native Swedish data was
recorded on a different system than we used
here, it was recorded at 500 Hz, not 512. In
order to remedy this sampling rate mismatch,
all data were downsampled to 256 Hz so that
they could be compared on the same axes.

EEG Data preprocessing

Offline, the data were filtered between 0.5 and
40 Hz. The 40 Hz threshold was selected to
reduce high-frequency noise, including electrical line noise. The 0.5 Hz threshold was used
to reduce slow drift effects. The three bipolar
channels (HEOG, VEOG, and Mastoid), were
meaned as a single channel each. The data then
underwent an initial automatic artifact rejection
routine aimed at eliminating anomalous segments
of data which fell outside of a given z-score threshold (4 for EOG channels, 20 for EEG channels), presented a range larger than 1500 µV,
or had sudden, extreme changes in amplitude.
Once automatic rejection took place, data underwent visual inspection to remove any further highly anomalous segments or channels before passing the data to Independent Component Analysis (ICA). ICA was implemented using “runica” from EEGLAB (Delorme & Makeig,
2004) for 25 components. Based on the ICA,

4.5.3

ERP Analyses

Once ERPs were segmented into 1100 ms epochs,
mean amplitude was taken in each of the following time windows of interest: 300-500, 500-700,
700-900, and 900-1000 ms post stimulus. These
time windows were chosen by Andersson et al.
(2018) based on earlier studies targeting word
order violations as well as from their inspection
of individual waveforms. We will take the mean
amplitude also in the 200-400 ms window. This
is targeted at the P300 component that is crucial to our investigation of attentional processes.
As a post-hoc measure, we also decided to investigate the 0-200 ms window as well.
2 For

more information on the process of cleaning data
of ocular artifacts, see fig. 13.
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5

Results

It would be imprudent to perform parametric Because participant 3 was an outlier both in
statistical tests on this sample because it is too terms of behavior and EEG, they have been exsmall3 for these methods to be useful. As such, cluded from the results presented here.
we cannot here use the same statistical testing
methods as Andersson et al. (2018). As such,
we will present mostly descriptive statistics on 5.1 Linguistic Behavioral Results
the EEG data at this time.
The behavioral results on the Swedish language
As an exploratory measure, t-tests were con- tasks (AJT, SCT, Swedex) are somewhat interducted in the time windows of interest to inves- nally inconsistent (table 3). While all three partigate whether the difference in amplitude be- ticipants performed quite well on the Swedex
tween the two conditions was sufficient to reject proficiency test (all above 6.5/10), this measure
the null hypothesis.
of proficiency was not strictly predictive of their
Upon further data collection, the mean am- performance on the other two tasks. In particplitudes defined above will be subjected to a ular, participant # 2 performed quite well on
repeated-measures ANOVA with Word order (V2/ the Swedex task, but near chance on both the
V3), Hemisphere (right/ left), Lateral position SCT and AJT. The other two participants could
(lateral/ medial), and Anterior/ Posterior po- both reliably detect (AJT) and reliably produce
sition or Ant/ Post (frontal/ fronto-temporal/ (SCT) the correct V2 word order in Swedish.
temporal/ central/ parietal/ occipital) as the We thus here present a high, medium, and low
four within-subjects factors per Andersson et al. proficiency Swedish speaker in this sample.
(2018).
Of note, however, is that the linguistic meaWe also plan to conduct a Linear Mixed Model sures do not seem to correlate with one another
to investigate the relationship between our of- such that performance on the Swedex does not
fline measures of proficiency and cognitive func- provide much of a prediction of performance on
tioning and the amplitude of the ERP during the AJT or SCT. The sample presented here is
the time windows in question. For this, ampli- very small so it is impossible to say anything
tude of EEG is the dependent variable, the fixed definitive about this but it is something that
effects are word order (V2/ V3), AJT d’, SCT should be kept in mind moving forward.
accuracy, proficiency score, Stroop effect size,
Navon effect size, and electrode location. The
5.2 Cognitive Control
random effect is participant.
For exploratory reasons, we have also looked Participants performed at or near ceiling in achere at whether ERP amplitude is predictive of curacy on the Stroop and Navon task. As such,
Swedish language performance, and/or accuracy no effect can be observed in either accuracy (Stroop)
or response time on the cognitive tasks. This or d’ (Navon) between the experimental condihas been done by using simple Pearson’s cor- tions (table 4). We do, however, see differences
relations between ERP amplitude and our of- in response time (table 5).
fline measures in the windows of interest and
sites that are relevant to our hypotheses. We 5.2.1 Stroop
set α = 0.01 to reduce noise from multiple comparisons. The statistical power here is far too If a Stroop effect were observed in the acculow to draw conclusions, but this was done to racy domain, then we should see higher rates of
see whether there were trends in the data con- correctness in the congruent condition than the
sistent with our hypotheses. At the moment, all neutral condition (facilitation), and the reverse
of the RT measures from the Stroop and Navon for the incongruent condition (interference). Betask are presented without transformations. A cause the participants performed at ceiling in
transformation such as a log transform or tak- terms of accuracy across all conditions, this efing 1 (speed) might be used in the future to fect is not observed.
RT

achieve a normal distribution for statistical testing.
3 For a variety of logistical and administrative reasons,
we were unable to collect as many bilingual participants

as we would have liked prior to the time of writing. We
hope to collect more participants prior to the oral defense.
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Participant
1
2
4

AJT (d’)
4.32
0.03
3.55
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SCT (%)
93.1
37.8
96.1

Proficiency (SW)
7.75
7.0
6.75

Proficiency (EN)
84.31
66.67
72.55

Table 3: Behavioral scores on Swedish language tasks. For the AJT, d-prime scores are reported
where d’ = 0 indicates chance performance and d’ = 4 indicates near-perfect discrimination between the conditions. For the SCT, percentage correct is reported. Proficiency scores (out of 10)
from the Swedex test–Proficiency (SW)–are reproduced here for ease of reference. We also report
here scores on the English proficiency task–Proficiency (EN)–as a percentage of correct responses.

Participant
1
2
4

Facilitation
0.00
0.03
0.03

Interference
-0.08
0.03
0.03

Global d’
3.54
3.54
3.91

Local d’
3.91
3.34
3.90

Table 4: Accuracy measures on cognitive tasks. Facilitation and Interference are accuracy in the
neutral condition minus accuracy in the congruent and incongruent conditions of the Stroop task
respectively. Because participants performed at ceiling across conditions, no effect is observed.
Global d’ and Local d’ are from the two conditions of the Navon task. Again, due to high accuracy
across both conditions, no effect is observed.

Participant
1
2
4

Interference
Cost
-28.36
8.54
-24.93

Facilitation
Gain
47.84
28.13
-31.09

Difference
(Stroop)
76.21
19.58
-6.17

Global RT

Local RT

368.23
309.36
232.35

460.35
398.80
268.89

Difference
(Navon)
92.12
89.44
36.54

Table 5: Response time (RT) measures on cognitive tasks. Interference cost and Facilitation gain
are the response time in the neutral condition minus the response time in the incongruent and
congruent conditions of the Stroop task respectively. Negative numbers mean that the response
time was slower in that condition than in the neutral one. Difference (Stroop) is calculated as
the RT in the incongruent condition minus the RT in the congruent condition. Negative numbers
mean that the RT in the incongruent condition was faster. Global RT and Local RT are mean RTs
for hits in each of those conditions in the Navon task. Difference (Navon) is calculated as Local
RT minus Global RT. This difference is significant for all subjects taken together (p = 0.005), but
not for all subjects taken individually.
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In the RT domain, we should see an increase skills.
in RT in the incongruent condition relative to
the neutral condition demonstrating interference, 5.3 ERP Results
and a reduction in RT in the congruent condition relative to the neutral condition demon- Unfortunately, because the original Swedish data
strating facilitation. The Stroop effect is bidi- in Andersson et al. (2018) were recorded on a
rectional in this regard, accounting both for the different type of system than we used, the data
positive and negative influence of linguistic in- were not comparable in their raw form. The
formation on performance. Put differently, if an Swedish monolingual and French bilingual data
individual were not at all influenced by the lin- will therefore be presented separately on differguistic content of a color word presented, then ent scales.
In all of the ERP plots presented here, the
there should be no difference in response time
relative to the neutral condition in either the x-axis is time in seconds, where t = 0 is stimpositive or the negative. As such, the larger ulus onset, and the y-axis is EEG amplitude in
the difference between the conditions, the more µV. Note that ERPs presented here are plot4
susceptible that individual is to linguistic inter- ted with positive upwards . Overall, however,
the shape, distribution, and latency of the ERPs
ference.
We see evidence of this effect in the RT data in the French bilinguals closely resembles those
collected. Two out of three participants responded of the Swedish natives (fig. 5). Globally, we
slower in the incongruent condition than the see more event-related activity at frontal sites,
congruent one. Unfortunately it seems that the with a clear bimodal shape with positive peaks
number of trials was too low to reliably capture around 300 and 600 ms.
If we look at the ERPs by condition on an
the effect in a significant way, but we see a trend
nonetheless, pointing to some small effect of fa- electrode-by-electrode basis (fig. 6 & 7), we note
that the same general shape can be observed for
cilitation and interference.
both conditions across most electrodes for both
groups, and certainly all of the anterior sites5
5.2.2 Navon
(frontal, fronto-temporal, and fronto-central elecIf a Navon effect were observed in the accuracy trodes; fig. 6). We see the greatest positive amdomain, we should see lower rates of detection in plitude at medial sites (F3, F4, FC3, FC4)6 .
the Local condition than the Global one. This
In the native Swedish speakers, we see this
does not seem to be borne out by the data col- same bimodal positivity for midline posterior
lected, with one participant even appearing to electrodes (fig. 7), but with a somewhat reshow the opposite effect having a lower d’ score duced amplitude. In the bilinguals, however,
in the Global condition than the Local one. This the bimodal positivity is significantly reduced,
is not strictly bad per se, as the Navon effect and almost entirely disappears at medial pariseeks to measure selective attention. If partici- etal sites. Over lateral sites, particularly on the
pants can selectively attend to the appropriate left, we see a bimodal negativity instead, with
level of information equally in both conditions, the first peak occurring around 150 - 250 ms,
then they have high attentional control.
4 Although it is a common practice in the literature
In the RT domain, the Navon effect would
to plot ERPs with negative upward, I have elected not
be demonstrated via higher RTs in the Local to do so here for two main reasons. The first is that the
condition than the Global one, indicating in- components of interest in this study are positivities, it
creased cost of detection. We do see this dif- is thus clearer to plot them with positive upwards. The
reason is that to the best of my knowledge the
ference borne out by the data, with all three second
rest of the (cognitive) scientific community, plot positive
participants responding slower in the Local con- upwards. As such the plotting of positive upward should
dition. This increased cost of detection is signifi- make this paper slightly easier to read for those who are
cant for all the participants together (p = 0.005, not5 accustomed to looking at ERPs.
For the purposes of description, anterior will refer
two-sample t-test), but only for some partici- to electrodes on the nasion aspect of the coronal midpants taken individually. For our purposes here, line, while posterior will refer to electrodes on the inion
the smaller the difference between the two con- aspect. Medial and lateral refer to distance from the
midline.
ditions, the better attentional control demon- saggital
6 See figure 12 for more information on how the elecstrated by that participant, whereas a larger trodes are identified and located.
difference indicates poorer selective attentional
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Figure 5: ERP results in French bilinguals and Swedish natives (mean amplitude over time). The
vertical line on each plot represents stimulus onset. Note that we see much more activity on frontal
sites than posterior ones. Note also that positive is plotted upward and that the y-axis scale is
not the same for French bilinguals and Swedish natives.
slightly earlier than the first positive peak at
other sites.
Globally, though, we see that the ERP assumes more or less the same shape in both conditions, with a few variations. To examine the
differences further, we took the difference between the meaned ERPs (V3-V2), or rather,
mean ERP in the V3 violation condition minus mean ERP in the V2 canonical condition.
This difference therefore represents the reaction
to the error relative to a correct sentence baseline. Thus, if the participants did not have an
online response to the error, this line should be
flat.
In the Swedish group, we note a significant
positivity around 600-800 ms latency (consistent
with the P600 component) at anterior, central,
and posterior sites, primarily at medial electrodes (fig. 8 & 9). Thus, using the same data,
but an independent and slightly different dataprocessing pipeline, we have reproduced the main
effect observed in Andersson et al. (2018). This
positivity is greatest at posterior sites, consistent with previous studies eliciting the P600 in
response to word-order violations. We also observe a significant negative peak mostly over
posterior sites, around 200 to 600 ms, consistent with the N400 ERP component posited to
signal linguistic integration processes (Kutas &

Federmeier, 2011).
In the French group, we observe the expected
P600 component, thus reproducing the effect
documented in Andersson et al. (2018) in a different population. This component is strongest
over medial anterior sites. While we do observe
a more posterior P600 component as well, it is
not as pronounced as in the Swedish data, consistent with the English results in Andersson et
al. (2018). We also see quite a pronounced negativity with a peak around 150 ms appearing
more strongly on the left side–consistent with
the ELAN component Steinhauer & Drury (2012)–
but also appearing on more posterior sites as
well. This early negativity was also observed in
the English learners.
Andersson et al. (2018) noted that the difference amplitude over frontal sites was significant
across groups in their data. As such, we selected
the same electrode subset for further examination (fig. 10). At these electrodes, we find a significant difference between the two conditions in
the 300-500, 500-700, and 700-900 ms windows
for the French participants (α = 0.05). In the
Swedish population, however, we find a significant difference only in the 700-900 ms window.
Admittedly, the statistical power of this test in
the French group is quite low, but we are confident that the same result would be borne out
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French

Swedish

Figure 6: ERPs at anterior sites. We observe a consistent two-peak shape across both
language groups and experimental conditions.
These peaks are larger at medial sites. Note
that the y-axis scale is not the same for French
bilinguals and Swedish natives.
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French

Swedish

Figure 7: ERPs at posterior sites. A twopeaked ERP can be observed at most medial
electrodes.At a left-lateral posterior site, however, a two negative peak shape is observed in
both language groups. Note that the y-axis
scale is not the same for French bilinguals and
Swedish natives.
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French
French

Swedish
Swedish

Figure 9: Difference at posterior sites (V3 - V2).
A posterior P600 component is observed in the
Figure 8: Difference at anterior sites (V3 - V2).
native Swedish group. We see a much weaker
We see a clear P600 component in both the
posterior P600 in the learner group. Furtherlearner and native groups. We also note an early
more, we observe a pronounced N400 componegativity in the learner group, which appears
nent (negative peak around 400 ms) over medial
to be left-lateralized, consistent with the ELAN
posterior sites in the native Swedish group, but
component. Note that the y-axis scale is not the
not in the learner group. Note that the y-axis
same for French bilinguals and Swedish natives.
scale is not the same for French bilinguals and
Swedish natives.
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rally, we note that the central positivity seems
to begin earlier in the Swedish group than the
French one, with an effect apparent in the 500700 ms window. In both groups, we also see a
lingering frontal positivity, although this seems
to be much more left-lateralized in the learner
group than in the natives.
5.3.1

Swedish

Figure 10: Mean ERP at frontal sites. ERPs
meaned over frontal electrodes (F3, F4, F7, F8),
where anterior P600 component is strongest
across groups. Note that the y-axis scale is not
the same for French bilinguals and Swedish natives.

at least in the 500-700 and 700-900 ms windows
given additional data.
If we look as well at the topographical distribution of these responses (fig. 11), we see some
marked group differences. Most importantly, we
see that the scalp distribution of the positivity
in the 700-900 ms window is quite different in
the Swedish and French groups. Whereas in the
Swedish group this positivity is quite central, in
the French group we see it is quite frontal. It
is possible, however, that a comparable central
P600 is occurring in the French group, yet it is
simply overshadowed by the high frontal activity, so it is not captured by the scaling. Tempo-

ERPs and Linguistic Behavior

We turn now to the relationship between the
online measures (ERPs) and our offline linguistic measures (AJT, SCT, Swedex). We found
that the amplitude of the difference ERP negatively correlates with the performance on the
SCT in the 0-200 and 500-700 ms windows over
left centro-parietal sites. This is consistent with
an increased early left negativity (0-200 ms), as
well as perhaps a reduced amplitude of the P600
component in higher proficiency speakers. The
d’ score on the AJT correlated with occipital
sites during the 500-700 ms window in the violation condition, and with medial fronto-central
sites in the 700-900 ms window in the difference ERP. Thus, higher discriminability seems
to point to a more pronounced posterior P600
component and a prolonged anterior positivity
in response to errors. No trends were found with
the Swedex scores.
5.3.2

ERPs and Cogntive Control

Finally we turn to the relationships between our
offline cognitive tasks and the ERPs. Only the
results of those tests related to our hypotheses
which appear to show significance are presented.
There seems to be a trend between the d’
for the Local condition of the Navon task, and
amplitude at frontal and parietal medial sites
during the 0-200 and 200-400 ms windows. This
trend is such that higher discriminability in the
challenging attentional condition means greater
negativity over these sites during this window.
The difference in RT between the Global and
Local conditions correlates negatively with central and fronto-central sites during the 500-700
ms window.
Response time on the Stroop task correlated
with amplitude at occipital sites in the 500-700
ms window, as well as with frontal and temporal
sites in the 200-400 ms window.
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French

Swedish

Figure 11: Topographies of V3-V2 difference in time windows of interest. A central/posterior
P600 is observed in both groups, however, much more frontal positivity is observed throughout
the course of the epoch in the learner group. In the native group, a posterior N400 component is
observed, which does not appear in the learner group. Note that the color scale is not the same
for French bilinguals and Swedish natives.
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data, we hope to conduct more rigorous statistical tests and models investigating the relationWe return now to our predictions. Our first pre- ship between the offline and online measures.
diction is that the data collected here from participants whose L1 is -V2 would appear more
Conclusions
like the other -V2 data collected in Andersson 7
et al. (2018) than the natives or +V2 learners.
This seems overall to be borne out by our data. We have documented here the main effect found
We predicted that the posterior P600 would be in Andersson et al. (2018) with a different popgreatly reduced in the learner group which ap- ulation. Thus, the French results here appear to
pears to be the case as well. The anterior P600 show the same shape as the results of the Eneffect, however, was predicted to be more pro- glish learner group which is also -V2, but not
nounced in our learner group as part of a pro- the German learner group which is +V2. Pendnounced positivity over the whole trial epoch. ing further statistical tests, this lends credence
We see this in our data as well. Differences in to a theory of cross-linguistic influence in L2 acrecording equipment present challenges for com- quisition where the presence or absence of V2
paring these data exactly but perhaps z-score word order in the L1 impacts processing in the
L2.
transformations may be useful in the future.
We have also shown some evidence of a reOur other predictions pertain to the relationships between offline linguistic and cognitive lationship between cognitive measures thought
measures and ERP amplitude. We predicted to play a role in language processing and onthat the posterior P600 would be reduced as a line responses to linguistic stimuli. In the fufunction of Swedish language ability. We did not ture, we hope to use additional analyses to defind relationships between Swedex proficiency termine whether parieto-central activity in the
scores and amplitude for any time windows or learner group is being outscaled by frontal activregions of interest. It is unclear whether this ity, making the parieto-central activity harder to
measure is sufficient to capture proficiency in detect. In the same way, we hope that source
the language as it does not seem to have any localization analyses may help us to disentangle
relationship to performance on the other two the generators of the frontal P300, and both anlinguistic tasks which theoretically rely on the terior and posterior P600, providing additional
same competences. We found, however, that the insight into attentional load or structural comd’ score on the AJT correlated with the ampli- plexity (Kaan & Swaab, 2003).
In addition to the planned source reconstructude at posterior sites, pointing to a relationship
between behavioral performance on the task and tion analyses to differentiate the various compoonline responses. Overall, though, there were nents, we believe that doing some data-driven
no sufficiently robust relationships in our data cluster or classification analyses on the larger
data set may provide additional insight into the
to support this prediction.
With regard to the relationship between of- linguistic and neurocognitive mechanisms unfline measures of selective attention and inter- derlying L2 processing.
ference control, we predicted that improved selective attention and interference control would
coincide with a more robust frontal P300 component but a less robust frontal P600 component.
We find some evidence of the relationship between interference control and the frontal P300
amplitude but our data show a trend in the opposite direction with regard to the frontal P600
effect. Thus, while there are some promising
trends, some of our data does appear contradictory to our prediction.
Bear in mind, however, that the sample size
presented here is quite small, and lacks the statistical power to definitively support or reject
our hypotheses. Upon the collection of further
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GUTIÉRREZ,
E.,
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Supplementary figures

(a) All electrode sites in a 64-electrode array

(b) Electrode sites used in ERP analyses

Figure 12: Electrode layouts under the International 10-20 System. Under this system, most
electrodes are identified by a letter-number identifier. The letter represents the general part of
the brain over which that electrode is placed, for example F for frontal, T for temporal, C for
central, P for parietal, O for occipital. For electrodes falling at the margins of these regions, they
get two-letter identifiers, e.g., FT for fronto-temporal. The number following the letter is assigned
according to distance from the midline. The lower numbers are closer to the midline, while larger
numbers are more lateral. Odd numbers are on the left side of the head, and even numbers on the
right. Midline electrodes have the letter z instead of a number.
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(a) A typical eye blink artifact

(b) Independent components after ICA decomposition. Note that components
1 and 8 reflect the mucular activity from an eye blink artifact.

(c) Typical topographies of eye blink components

Figure 13: Ocular artifacts. In order to work with clean data, it is necessary to remove all
movement and ocular artifacts from the data while maintaining as much of the data as possible.
There are two main methods to remove artifacts: totally discard trials, or use ICA to isolate and
remove movement-based artifacts. In 13a, we see a typical eye blink artifact where the muscular
activity for the blink is much greater than that of the neural activity around it. In 13b, we see the
component time course for a trial that contained a blink. Note that the blink is captured mainly
by component 8, but is also reflected in some of the other components. In 13c, we see typical
topographies for ocular artifact-containing components. Note the pattern of activity localized on
the front/side of the head while the rest of the topography does not seem to show any activity.
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Figure 14: Difference ERPS for French and Swedish groups. We show here the difference (V3V2) amplitude ERPs in the French and Swedish groups. In this plot, the two language groups
are presented on the same scale, and the amplitude of the French ERP greatly overshadows the
Swedish one. It is for this reason that they were not compared on the same axes throughout the
rest of the paper. We believe this difference to be from differences of equipment, but plan to
investigate further.
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Disclosures and consent form

Notice d’informations
Chers participants,
Nous sommes une équipe de chercheurs du laboratoire de linguistique MODYCO qui étudient les
processus traitement du langage, et plus précisément chez les bilingues.
Nous faisons appel à vous ce jour pour une tâche de traitement de la syntaxe en suédois. L’expérience
dure environ deux heures et demie. En plus de la tâche, il faudra compter 35 minutes d’installation et 5
minutes de désinstallation du système de mesure électroencéphalographique.
Des pauses seront comprises au sein de l’expérience.
Frédéric ISEL, Professeur des universités Université Paris Nanterre

Jeremy Yeaton, étudiant Master Sciences Cognitives, Ecole Normale Supérieure
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Tâche de traitement de la syntaxe en Suédois
MODYCO UMR7114 CNRS & Université Paris Nanterre
Autorisation pour l’enregistrement, l’archivage, l’exploitation scientifique et la diffusion de
données
Je soussigné(e)
Né(e) le :
Adresse :
Tel ou sms :
Mail :









Accepte librement et en toute connaissance de cause de participer à cette recherche en
électroencéphalographie (EEG) portant sur le traitement de syntaxe chez les bilingues.
Il m’a été précisé que je suis libre d’accepter ou de refuser de participer à cette étude, et que
mon nom n’apparaitra nulle part dans les publications.
J’ai lu et pris connaissance des éléments contenus dans la lettre d’information. J’accepte de
participer à cette étude dans les conditions qui y sont exposées. Mon consentement ne
décharge en rien l’organisateur de cette étude de ses responsabilités et je conserve tous les
droits qui me sont garantis par la loi.
Je pourrai à tout moment mettre un ferme à ma participation à l’étude, sans en supporter
aucune conséquence, ni avoir à me justifier.
Les données recueillies resteront strictement confidentielles et l’anonymat est garanti.
J’accepte que les données expérimentales recueillies à l’occasion de cette étude puissent faire
l’objet d’un traitement informatise et soient communiques dans le cadre de publication dans
des revues scientifiques.
J’ai compris que toutes les données et résultats aux différentes épreuves seront anonymisés.
Mes données personnelles (nom, date de naissance, adresse postale, adresse mail, téléphone)
ne seront pas associées aux données scientifiques et ne seront pas diffusées.

Les membres du projet m’ont clairement expliqué les objectifs de ce projet, j’ai obtenu des réponses à
mes questions. À tout moment, j’ai le droit de demander que les enregistrements soient modifiés ou
supprimés.
Fait à

le,

Signature, précédée de lu et approuvé

Pour toute information :
Jeremy YEATON
07 67 25 17 43
jdyeaton27@gmail.com
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