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Abstract: Bilinguals and multilinguals commonly encounter words in their multiple languages
which share some linguistic aspects. Among those are interlingual homographs, or words that
have the exact same orthography in two different languages. The current study examined, through
a semantic judgment task in English with ERP recording, how multilinguals (speakers of Brazilian
Portuguese, English and German) accessed the meanings of interlingual homographs that
belonged to their dominant and non-dominant foreign languages compared to a control group of
Brazilian Portuguese-English bilinguals. The findings demonstrated that multilinguals were
slower to respond to the English-German interlingual homographs as compared to control stimuli
(no homographs). The results also demonstrated that, when the interlingual homographs were
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semantically related to their targets in the non-target language, there were significantly more
errors and a higher RT than in unrelated conditions. Additionally, only the bilinguals presented
the typical N400 effect for unrelated conditions, suggesting that the co-activation of the non-target
language due to interlingual homographs modulated this ERP in the multilingual group. Our
results provide support for the Bilingual Interactive Activation plus model and suggest that
literature findings on interference between first and second languages also hold for second and
third languages.

Keywords: multilingualism; interlingual homographs; N400; Portuguese-English-German
multilingualism

Zusammenfassung: Zweisprachige und mehrsprachige Menschen stoRen in ihren verschiedenen
Sprachen héufig auf Worter, die einige linguistische Aspekte gemeinsam haben. Dazu gehdren
interlingualen Homographen, d.h. Worter, die sich in zwei unterschiedlichen Sprachen durch
genau dieselbe Orthographie auszeichnen. In der vorliegenden Studie wurde anhand einer
semantischen Beurteilungsaufgabe in Englisch mit ERP-Aufzeichnung untersucht, wie
mehrsprachige Personen (Sprecher des brasilianischen Portugiesisch, des Englischen und des
Deutschen) im Vergleich zu einer Kontrollgruppe von brasilianischen Portugiesisch-Englisch-
Zweisprachigen auf die Bedeutung von interlingualen Homographen zugreifen, die zu ihrer
dominanten und nicht-dominanten Fremdsprache gehdren. Die Ergebnisse zeigten, dass
mehrsprachige Personen im Vergleich zu den Kontrollstimuli (keine Homographen) langsamer
auf die interlingualen Homographen Englisch-Deutsch reagierten. Die Ergebnisse zeigten auch,
dass, wenn die interlingualen Homographen semantisch mit ihren Zielen in der Nicht-Zielsprache
verwandt waren, signifikant mehr Fehler und eine héhere RT auftraten als in nicht verwandten
Bedingungen. Darber hinaus zeigten nur die Bilingualen den typischen N400-Effekt fir nicht
verwandte Bedingungen, was darauf hindeutet, dass die Koaktivierung der Nicht-Zielsprache
durch interlinguale Homographen diese ERP in der mehrsprachigen Gruppe modulierte. Unsere
Ergebnisse stiitzen das Bilingual Interactive Activation plus Modell und legen nahe, dass die
Literaturergebnisse zur Interferenz zwischen Erst- und Zweitsprache auch fiir die Zweit- und
Drittsprache gelten.

Stichworter: Mehrsprachigkeit; interlinguale Homographe; N400; Portugiesisch-Englisch-
Deutsch Mehrsprachigkeit

1 Introduction

1.1 The processing of interlingual homographs by multilinguals

There is a large debate on the neural organization of the mental lexicon (KEMMERER 2014)
and more complexity is added to this discussion when considering the influence of
bilingualism and multilingualism (KroLL; DussiAs 2004). Experiments investigating
lexico-semantic access to word representations have shed light on the nature of the
bilingual lexicon and gathered consistent evidence on the nonselective lexical access both
in alphabetic (LEMHOFER; DIJKSTRA 2004; KERKHOFS et al. 2006; STUDNITZ; GREEN
2002; MAcizo; BAio; MARTIN 2010; NoviTskiy et al. 2018) and logographic language
systems (HsIeH et al. 2017).
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In the context of this discussion, the Bilingual Interactive Activation plus Model
(BIA+) (DuKSTRA; VAN HEUVEN 2002) explains how bilinguals retrieve lexical and
semantic knowledge from written words in non-sentential contexts (i.e. lexical decision
tasks). According to BIA+, written input generates parallel activation of orthographic,
phonological and semantic representations of all words an individual has learned
(belonging to all languages he might speak). These representations are stored in a
common lexical system and are co-activated, which means that they compete for
selection. This idea has been supported by a great amount of research focusing on native
and foreign languages (see Wu; THIERRY 2010 for a review), or on first, second and third

languages (LEMHOFER; DIUKSTRA; MICHEL 2004).

Cognates and Interlingual Homographs (IHs) are the most employed stimuli to
address the question of co-activation in bilinguals and multilinguals since they allow us
to make inferences regarding the bilingual lexicon in a monolingual task. When
orthography and meaning are shared, cognates (e.g.: the words ‘hotel’ and ‘taxi’ in many
languages) faster reaction times (RT) in the recognition of these words (as compared to
non-cognates) have been taken as evidence for co-activation and this has been known as
"the cognate facilitation effect” (see HEREDIA; ALTARRIBA; CIESLICKA 2015 for a
review). On the other hand, words with exact same orthography but different meanings
in either language are named IHs (KERKHOFs et al. 2006) (e.g.: Tag, meaning ’day’ in

German).

The general hypothesis is that when bilinguals or multilinguals are using the
contextually relevant language, cognates and IH are processed differently (faster or
slower) than words belonging to only one of the languages they master. That is, cognates
normally generate a facilitation effect and IHs can generate facilitation or conflict

depending on the task (LEMHOFER; DIJKSTRA 2004; VAN HEUVEN et al. 2008).

There are a great number of studies with bilingual samples evidencing the IH
effect in different contexts, for example in word level (HOSHINO; THIERRY 2012),
sentence level (ELSTON-GUTTLER; GUNTER; K0Tz 2005), using prime words (KERKHOFS

et al. 2006) and semantic incongruence (MACI1zO; BAJO; MARTIN 2010).

Examining the semantic incongruence approach, it was noted that the reading of
an IH can be biased towards its foreign language meaning, when prime and target are

related in the target language (KERKHOFS et al. 2006). However, the presence of a prime
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can also bias the reading of the IH towards its native language meaning, even though the
foreign language is the target, generating interference (HOSHINO; THIERRY 2012). It is not
clear whether this interference (of the strongest language) occurs between foreign
languages of multilinguals as fewer studies have investigated co-activation and the
assumptions of BIA+ model for multilinguals.

We found few studies with multilingual samples using cognates in word level
(LEMHOFER; DIKSTRA; MICHEL 2004), one study using cognates in sentence level
(AUTOR XXXX) and two using both cognates and IHs in word level (ZHuU; Mok 2018;
BARCELOS & AREAS DA Luz FONTES 2021).

Lemhofer, Dijkstra and Michel (2004) studied double and triple cognates
processing in multilinguals. Dutch-English-German trilinguals performed a lexical
decision task in their third language (German). They found that double and triple cognates
(i.e. cognates which overlapped in Dutch and German but not English, or which
overlapped in these three languages) were recognized faster than control stimuli (pure
German words). A greater facilitation effect for triple (in L1- L2-L3) than double

cognates was found.

Zhu and Mok (2018) conducted two experiments using a lexical decision task with
double cognates and one experiment with IHs between both foreign languages (L2
English and L3 German) of Cantonese-English-German trilingual individuals. The results
showed both cognate facilitation (experiments 1 and 3), cognate conflict (experiment 2)
and a small homograph facilitation (non-significant) in experiment 3 affecting the
accuracy but not the reaction times. These distinct results patterns probably occur
according to the target language of the task (L2 in experiment 1 and L3 in experiments 2
and 3) and also the lower frequency of IHs words and low L3 participant’s proficiency.
These factors could make the participant access the stronger meaning in L2, inducing the

individual to answer in English instead German.

We also found two studies with Portuguese speaking multilinguals. The triple
cognate facilitation effect was also evidenced in a sentence reading task with Brazilian-
English-German multilinguals, in which trilinguals had their eye movements monitored
while reading sentences in English containing cognates in their three languages (TOASSI
et al. 2020). The cognate facilitation effect was found only for early comprehension

measures: first pass and first fixation for the trilingual speakers. No effect for the triple
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cognates was found for the bilingual group, formed by speakers of Brazilian Portuguese

and English and for the control group formed by native speakers of English.

Barcelos and Aréas da Luz Fontes presented their Portuguese-English-French
trilinguals with a wide range of language proficiency a lexical decision task in their L3
French. Stimuli included double and triple cognates and IH. Participants had a higher
accuracy rate with cognate stimuli compared to controls, but reaction times have shown
no statistically significant difference to controls. IH yielded more errors, even though

their effect was a marginal one, and RTs did not differ from controls.

While behavioral studies have succeeded in showing overt responses to the processing of
IH (STUDNITZ; GREEN 2002; DIIKSTRA et al. 2000; LEMHOFER; DIIKSTRA 2004; DE
BRULN et al. 2001; GROOT; DELMAAR; LUPKER 2000; MACIzO; BAJO; MARTIN 2010),
neuroscientific methods have evolved to analyze the neural mechanisms underlying
cognitive processes, known as endogenous components. One of these methods is
electrophysiology, particularly the Event-Related Potentials (ERP) technique (KUTAS;
PETTEN; KLUENDER 2006) that allows the measurement of the N400 component, whose
amplitude is modulated by lexical-semantic processing (KERKHOFs et al. 2006; HOSHINO;
THIERRY 2012; KousAIE; PHILLIPS 2011) and interlingual incongruence (THIERRY; WU
2004; THIERRY; WU 2007).

In language experiments, the N400 component indexes semantic integration
processes, presenting a negative amplitude 400 ms after the presentation of a pair of items.
When subjects are confronted with unexpected semantic violations, the amplitude of the
N400 component is more negative than the amplitude elicited by items with no semantic
violation (KuTAs; FEDERMEIER 2011). In neutral contexts, words which occur more
frequently in the natural speech of a certain language and words which more familiar to
individual speakers elicit smaller and less negative N400 amplitudes. Kerkhofs et al.
(2006) investigated the effect of primes as a bias towards the low-frequency, but task-
relevant reading of an IH by analyzing N400 amplitudes. Frequent words in L1, which
should elicit a less negative amplitude than low-frequency words in L2, presented more
negative amplitudes when their meaning was irrelevant to the task. The finding
corroborated the BIA+ model, which postulates that the selection of lexical

representations is sensitive to the task demands.

Pandaemonium, Sao Paulo, v. 26, n. 49, mai.-ago. 2023, p. 35-67



40

LAMEIRA ET AL. — Evidence of non-selective lexical access to second and third language

Few studies approached whether a priming effect towards the non-target language
could be reflected on N400 amplitudes. Hoshino and Thierry (2012) addressed this issue
with Spanish-English bilinguals and English monolingual controls in a semantic
judgment task. They compared the N400 mean amplitude for word pairs which were
unrelated in English (L2) but related in Spanish (L1) and found a modulation of the N400

resulting from the presentation of a prime in Spanish (non-target language).

Similarly to Dutch, German shares a good number of IHs with English, providing
enough resources to assess the co-activation effect in this population of speakers.
However, few studies explored this language combination. For example, Von Studnitz
and Green (2002) conducted a lexical decision task with English-German homographs,
and Elston-Guttler (2005) did ERP work with English-German homographs in sentence

level, both showing an interference effect of IHs on semantic processing.

We have no knowledge of studies examining the semantic lexical access in
multilinguals using both EEG and behavioral measures. Because of this gap, in the present
study, we combined these approaches to examine if the IH effect can modulate the
semantic processing between two foreign languages. In other words, we aimed at
investigating whether the knowledge of a second foreign language should generate a
different wave pattern for multilinguals in comparison to bilinguals when faced with a

word with different meanings across these two languages.

1.2 The current study

Our main objective was to investigate whether the assumptions of the BIA+ Model could
be further extended to multilinguals. The study compared Portuguese-English bilinguals
to Portuguese-English-German multilinguals living in a Portuguese-speaking context.
The bilingual group (our control group) was fluent in English and the multilingual group
(our experimental group) was fluent in English and German. For the multilingual group,
co-activation of the two foreign languages (L2-L3) was analyzed by assessing the
possible interference of the dominant foreign language (L3- German) in their non-
dominant foreign language (L2-English). As previous studies have found an interference
of the native language (L1) in the non-native (L2) language, we were interested in
investigating whether these findings should also apply to the foreign languages of
unbalanced multilinguals (hence L2 and L3). Our hypothesis was that multilinguals
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would suffer an interference from their dominant foreign language (German) into the non-
dominant foreign language (English). We avoided the overlap with Portuguese to the

extent that we did not include words with a Latin origin.

In the semantic judgment task in English, pairs of English words which were
related or unrelated in meaning were presented. We call these “related” (required a "yes"
response) and “unrelated” (required a "no" response) conditions. Half of the stimuli
consisted of word pairs without IH which could be either related (e.g.: tree — leaf) or
unrelated in English (e.g.: tree — pan). These were the control conditions, as they were not
expected to induce any conflict for German speaking participants. Our experimental
conditions, on the other hand, had English-German IH, i.e. English words which also exist
in the German language with exact same orthography but have different meanings (e.g.:
boot — boat in German). Relatedness of these pairs considering the German (non-target)
reading of the IH was opposite of their English (target) reading, e.g.: boot — foot: unrelated
in German but related in English, and boot — lake: related in English but unrelated in
German. Given that our stimuli in the experimental condition consisted of word pairs
which were unrelated in English but related in German, or related in English and unrelated
in German, we hypothesized that these conditions would result in lower accuracy rates
and longer RTs compared to control conditions (without IHs) in the multilingual group.
We expected that our control group (bilinguals) would on the other hand not suffer this
influence of IHs.

We measured these effects in terms of the overt behavioral response (reaction time
—RT-and response accuracy) and covert processes indexed by the N400 component. The
experimental conditions aimed at inducing a conflict on the selection of the target
language (L2- English). Furthermore, we intended to see whether the N400 component is
modulated by whether the individuals are bilinguals or multilinguals. In other words, we
expected bilinguals and multilinguals to exhibit different amplitude patterns in the N400
time window due to different activations of semantic relationships. As previous studies
have shown, unrelated conditions elicit higher amplitudes of the N400 component. Both
groups were therefore expected to exhibit higher amplitudes of the N400 component in
the control unrelated conditions. However, similarly to the study of Hoshino and Thierry
(2012) with bilinguals only, experimental conditions with IHs should induce a conflict in
the multilingual group, reflected by amplitude patterns different from the ones exhibited

by the bilinguals.
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2 Method

2.1 Participants

The participants of this study were 24 native speakers of Brazilian Portuguese, divided in
the following groups: (1) the multilingual group was formed by 13 participants (6 males,
mean age 29.5 years, SD: 6.6) who had German as their dominant foreign language (L2),
being also fluent in English (L3); (2) the bilingual group was formed by 11 participants
(4 males, mean age 29.2 years, SD: 6.6) who had English as their dominant foreign
language and no knowledge of German. Proficiency in the participants’ foreign language
was assessed by objective language tests (see Appendix). The Research Ethics Committee

of the Federal University of ABC approved the experimental protocol (Nr. 2.182.943).

Regarding foreign language acquisition, 91.66% of the bilingual participants do
not consider themselves to speak another language at an advanced level, except for one
individual who reported speaking Spanish. Concerning immersion experience, only 25%
of the bilingual participants reported having lived in an English-speaking country for a
period no longer than 1 year. As for the multilingual participants, 81.8%reported having
acquired English as their first foreign language, whereas 9.1% acquired German first and
9.1% German and English simultaneously. Most of them (81.8%) consider German to be
their dominant foreign language (18.2% considered they were equally fluent in German
and English). Concerning immersion experience, 81.8% reported having lived in a
German speaking country, i.e., they have already been in an exogenous linguistic
environment (BAKER, 2011) for a period not longer than 1 year. We considered subjects'
language dominance according to their self-assessed current language use. Self-assessing
questionnaires included their language acquisition through lifetime alongside with other
measures, such as musical training and videogame practice. We used these data as
supplementary information to our objective language measures and neuropsychological
measures (for additional information on the subjects, see Appendix: characterization of
the subjects). The objective language measures aimed at matching both groups according
to proficiency in the task language, English, and the neuropsychological measures aimed

at matching both groups according to fluid intelligence measures.
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9.2 Description of the task and EEG recording

2.2.1 Semantic judgment task

The semantic judgment task was composed of nouns, presented in upper case letters to
neutralize the distinction of nouns in German, which are written with a starting uppercase
letter. Five from the selected words (2.78% of total) could be either a noun or a verb in
English. The homograph nouns were selected according to word frequency based on
SUBTLEX- US and SUBTLEX-DE (BRYSBAERT; NEW 2009; BRYSBAERT ET AL 2011)
databases for the English and German reading of the homographs, respectively. For all
primes and target pairs, we composed the initial selection of candidates for the stimuli list
using the following synonym and thesaurus tools: Macmillan Online (English)
(MACMILLAN, 2017), DWDS (WISSENSCHAFTEN 2017) and Duden Online (DUDEN 2017)

(German).

2.2.1.1 Task stimuli

The four conditions totalized 114-word pairs (171 English words, being 29 interlingual
homograph primes and 29 related targets, the same 29 interlingual homograph primes and
different 29 unrelated targets, 28 non-homograph control primes and 28 related targets,
the same 28 non-homograph control primes and different 28 unrelated targets. One pair
of non-homograph controls was eliminated due to low familiarity found in the pilot phase.
These word pairs were divided into two experimental blocks of 57 trials each. In addition,
a practice block of 29-word pairs which preceded the experimental blocks was not
analyzed. Primes were either 29 identical German/English IH or 28 English control words
paired with target non-homograph words. The primes were presented randomly in the
related and unrelated conditions. Target words were not repeated in the experiment. IH
were orthographically identical in German and English (100% spelling overlap) and all
words were nouns — although 2,78% could also be read as verbs. IH with Latin etymology
were excluded, in order to avoid interference from the native language, Portuguese, which
is a romance language. Examples of the four experimental conditions and details of the
task concerning the words pairs are shown in Figure 1. The psycholinguistic features of

the stimuli and the preliminary study to create the task are described in the appendix.
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2.2.1.2 Procedure

For the semantic judgment task, participants were seated in an electrically shielded
chamber in front of a 17 inches screen and adjustments were made for the cap placement,
as well as signal recording. Stimuli were presented with E-Prime Software Version 2.0.
During these procedures, participants were asked to keep English language mode in

interactions with the experimenter.

The practice block (29 trials) was followed by two experimental blocks (57 trials
each) with an interval between them. Each trial began with a fixation cross that remained
on screen for 500ms, followed by the prime for 400ms, a blank screen interval for 200
ms, the presentation of the target for 300ms, and a following screen with a dot, which
remained on screen until the participant pressed either the key 1 or 9 in the answer box to
judge whether the word pair was related or unrelated. Answer keys were counterbalanced,
so that half of the participants in the same group pressed the right button for “yes” and
the left button for “no”, and the other half, the opposite way around. After the participant’s
response, a blank screen preceded the following trial for 1500ms (see figure 1). Words

were presented in black on a white background.

After the experiment, participants completed a post-test in which they had to
translate to Portuguese all words from the stimuli list (English to Portuguese translation)
without consulting dictionaries or any supplementary materials. A minimum of 70%
accuracy was required for the participant to be included in the analyses. Mean accuracy
and medianRT of participants in both groups was calculated on E-Prime Software Version
2.0—-Professional. We chose the median as it is a more robust measure compared to the
mean, given that the mean can be affected by extreme values, especially with a modest
N, which was the case. A repeated measures ANOVA was performed separately for
accuracy and RT rates, with “relatedness” and “homograph” as within-subject factors and
group as between-subjects’ factors. Participants performed the task while

electrophysiological data were recorded.
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Figure 1: Semantic Judgment task description and examples of conditions

Blank
1500ms
500ms
Prime
400ms
Blank
Boot 200ms
Target
300ms
Related?
Lake Immediate
/\ decision
No
Conditions Example of a pair
for semantic Related Related Homograph
judgement (English)  (German) (prime)
Control condition:
Related without IH a) TREE x LEAF + n/a -
Control condition:
Unrelated without IH b) TREE x PAN - n/a -
Experimental condition:
Related with IH c) BOOT x FOOT + - +
Unrelated with IH d) BOOT x LAKE - + +

2.2.92 EEG recording

Source: Own authorship

EEG data were collected with use of an elastic cap with 64 active electrodes (actiCAP —

Brain Products GmbH, Gilching, Germany), positioned in international system 10-10.

Two additional bipolar electrodes were used to register oculogram. Vertical electrodes

(VEOG) were positioned above and below the right eye and horizontal electrodes were

positioned to the left and the right of the eye line. EEG was continuously recorded at a

1000 Hz rate with a QuickAmp amplifier. Ground (Afz) and reference (FCz) electrodes

were re-referenced to the earlobes. Parallel port fed the markers of the stimuli from the

stimulation computer into the amplifier and recorded within the EEG data set.

2.2.2.9 EEG preprocessing and analysis procedures

For the EEG analysis, data from 19 participants were included (10 from the multilingual
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group and 9 from the bilingual group). Data from 3 participants were removed due to
technical problems during EEG collection and data from 2 participants were removed due
to excessive noise in the EEG signal. EEG data were analyzed offline with Brain Vision
Analyzer 2.1 software (Brain Products, Germany). EEG data was downsampled and to
250Hz and filtered (low-pass at 30Hz, 24dB, high-pass at 0.05Hz, 24dB, and a notch filter
at 60Hz). Presence of flat or excessively noisy channels was evaluated, with use of

spherical spline interpolation method, if necessary.

In sequence, data were separated in epochs of 1350 ms, with 750ms before target
onset and 600 ms after target onset. The period before target onset includes the last 150ms
of the fixation cross (150ms), the presentation of the prime (400ms) and the black before
target presentation (200ms). For eye movement artifact rejection, an independent
component analysis (ICA) was performed and eye-related components were identified
semi-automatically and by visual inspection of topographies and time series from each
component. Eye related components were then rejected for all segments. Baseline
correction was performed using the whole pre-target period. Trials that exceed 150 pV
were rejected (mean: 5%, max of 29% of trials removed due to artifacts).

Sensors and moments of interest were chosen based on the grand-averaged N400,
which was calculated by subtracting the EEG activity of all unrelated targets from all
related targets, across all conditions and groups. In order to compare N400 mean
amplitudes in the conditions with and without homographs for each group, we subtracted
the unrelated from the related conditions with and without homographs and a repeated
measures ANOVA was performed with homograph presence as within subjects factor,

and group as between subjects factor.

3 Results

Relevant data will be uploaded on a website page of Open Science Framework. For

further information, please contact authors.
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3.1 Behavioral results

3.1.1 Accuracy

Figure 2 shows the accuracy rates for both groups. Both groups had a mean accuracy rate
of over 90% both in the related and unrelated conditions without homograph (bilingual -
related: .94, unrelated .64; multilingual - related: .91, unrelated .91). In the conditions
with homographs, the bilingual group had an average accuracy rate of over 80% (related:
.82, unrelated: .88), while the multilingual group scored lower (related: .68, unrelated:
.58).

As the participants showed high accuracy rates, we used a non-parametric test,
Mann-Whitney test (which compares differences between two independent groups).
Specifically, we compared pairwise performances between groups for each of the four
conditions (related with and without homograph, and unrelated with and without
homograph) and corrected the observed p-values using Bonferroni correction to adjust

critical p-value according to the four comparisons, which then was set to .012.

Figure 2: Semantic relatedness judgement task: Mean Accuracy rates per condition and
group
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We found a significant effect between groups only in the unrelated with
homograph (unrelated in English/related in German) (critical) condition (p < .0001),
where the multilingual group had lower accuracy (mean = .58 SD = .15) than the bilingual
group (mean = .88 SD = .07) with large effect size (rpb = .97). No other differences were
significant (all corrected p-values > .23). These results indicate that the presence of a
homograph affected more the group who speaks two foreign languages (the multilingual
group), generating a conflict between the two word representations, i.e., the English

reading and the German reading of the I1H.

3.1.2 Reaction Time (RT)

We calculated RT for the correct responses only. In order to exclude extreme scores, RT
median for each subject was used. A repeated-measures ANOVA showed significant
main effects for a) group (F= 6.90, p=.015, n?p=.239): bilinguals answered in general
faster than multilinguals; b) relatedness (F= 35.02, p < .001, n?*p=.614) showing higher
RTs in unrelated conditions for both groups and ¢) homograph (F=40.66, p <.001, n*p=
.649) evidencing higher RTs in homograph conditions for both groups.

Figure 3: Semantic relatedness judgment task: Mean reaction times per condition and
group
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There was also a significant interaction of relatedness*group (F= 4.73, p= .041,
n?p=.177). To follow-up this interaction, we compared the cost in RT of the word being
unrelated for each group. We found that the cost was stronger for multilingual speakers
than for bilingual speakers (t(22)=2.18, p= 0.041). A similar pattern was found for the
interaction of homograph*group (F= 12.60, p=.002, n?p=.364). Similar to the previous
analysis, we compared the cost of having a homograph word across groups. We found a
higher cost in RTs for the multilingual group (Welch’s t(16)= 3.41, p= 0.004). Lastly,
there was an interaction of relatedness*homograph (F= 10.04, p= .004, n’*p= .313),
suggesting that the presence of the homograph had a stronger cost in unrelated than on
related words. The three-way interaction was not significant (F= 3.23, p= 0.086, n?*p=
0.128).

3.2 Electrophysiological results

Figure 4 shows the N400 in all conditions and groups and its correspondent topographic
map. On the left, N400 component conditions in electrodes Cz, CP1, CP2, CPz in all and
groups. On the right, topographic map: the colors indicate mean amplitude in each region

of the scalp.

Figure 4: Electrophysiological results: N400 component (all conditions and groups) and
topographic map.
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A visual inspection of the mean amplitude curves in the bilingual group (figure 5,

top) indicates, in the 300-500ms time window, the common N400 finding with a more

negative amplitude for unrelated words, with a smaller difference for words with

homographs. On the other hand, the visual inspection of the multilingual (figure 5,

bottom) group indicates a similar N400 across all conditions, irrespective of the words

being related or unrelated or having or not homographs.

Figure 5: Electrophysiological results: Mean amplitude curves for the bilingual group

and the multilingual group.
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In order to compare N400 mean amplitudes in the conditions with and without

homographs for each group, we subtracted the unrelated from the related conditions with

and without homographs, and a repeated-measures ANOVA was performed with

homograph presence as within-subjects factor, and the group as between-subjects factor.

We found significant effects for both main effects: homograph (F= 8.81, p=.009, n?*p=

.341), with words without homographs eliciting a more negative n400; and group (F=

8.05, p= .011, n?p= .321) with a more negative n400 for the bilingual group. The

interaction homograph x group was not significant (p= .09, n*p=.160). See figure 6 for

mean subtracted amplitudes.
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Figure 6: Electrophysiological results: Mean subtracted amplitudes for the bilingual and
the multilingual groups
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4 Discussion

In this study, we tested the language non-selective view of lexical access proposed by the
BlIA+model applied to foreign languages only. Previous studies have shown that when
bilinguals perform a task in a second language, there is co-activation of lexical items from
the first language, which may compete for selection (STUDNITZ; GREEN 2002; LEMHOFER,;
DIKSTRA 2004; KERKHOFS et al. 2006; THIERRY; Wu 2007; HEUVEN et al. 2008;

MACIz0; BAJO; MARTIN 2010; HOSHINO; THIERRY 2012).

To our knowledge, very few studies were performed with the aim of testing the
BIA+ assumptions on foreign languages only. Based on findings that bilinguals suffer an
interference from the native language into the foreign language and also on the other way
around (HsIeH et al. 2017), we hypothesized that multilinguals would analogously suffer
an interference from their dominant foreign language into their non-dominant foreign
language. A recent study, with Cantonese- English- German trilinguals (ZHuU; Mok 2018)
presented evidence of this influence between foreign languages, in which there was an
effect of the less dominant language — German — into the more dominant one - English.
In the current study, in order to investigate whether the BIA+ model could be extended

to foreign languages we studied a sample of unbalanced multilinguals, who considered
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German as their dominant foreign language, and a sample of bilinguals, who considered

English as their dominant foreign language.

The discussion is organized in two parts: firstly, we discuss our results (behavioral
and electrophysiological) in light of the literature; secondly, we discuss our main findings

considering the language non-selective view.

4 .1 Behavioral results

Our study showed: a) a higher accuracy rate for conditions without homographs in both
groups; b) a higher general accuracy rate in the bilingual group; c) a much lower accuracy
rate in the multilingual group (58.73% of multilinguals against 87,58% of bilinguals), in
the unrelated in English and related in German condition, i.e. the critical condition - the
only condition which was unrelated in the target language (required a ‘no’ response, but
was related in the non-target language (required the inhibition of a ‘yes’ response).
Reaction times on correct responses indicated: a) multilinguals had higher RT than
bilinguals in all conditions b) unrelated conditions and conditions with homographs had
higher RTs for both groups and c) in the unrelated condition in English and related in

German (critical), RTs were significantly higher for the multilingual group.

The slower responses for multilinguals compared to bilinguals may indicate that
the more languages one speaks (or understands), the longer language selection takes.
They are in line with the BIA+ Model, which proposes an integrated lexicon for
bilinguals. Studies with bilinguals and control monolingual groups have shown that
reaction times for bilinguals were longer than for monolinguals (GROOT; DELMAAR;
LUPKER 2000; STUDNITZ; GREEN 2002; THIERRY; WU 2004; VAN HEUVEN et al. 2008).
We hypothesize that the larger this lexicon becomes, more complexity arises during
language processing. This finding was similar to the study by Durlik, Szewczy,
Muszynski, and Wodniecka (2016), in which the interference of Polish-English
interlingual homographs was also evident in a longer RT in a semantic relatedness

judgment task.

In line with previous studies, unrelated conditions led to longer RT rates than
related ones (THIERRY; WU 2004; THIERRY; WU 2007; KERKHOFS et al. 2006; KOUSAIE;
PHILLIPS 2011). In the study of Thierry and Wu (2007), both groups had higher (and

similar) accuracy rates in the related conditions. This result was also found in our study.
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Conditions with IHs had longer RTs for both groups and more errors in the
multilingual group than control conditions without IHs. The findings in the IH condition
for the bilingual sample (despite they had no knowledge of German) were also seen in
previous studies and is generally attributable to a difficulty in matching perfectly the
conditions. IHs also impacted the performance in a monolingual condition in the study of
Studnitz and Green (2002). The authors attributed this effect in part to differences in the
subjective frequency of the stimuli (versus frequency obtained in corpora). They
mentioned the complexity of creating experimental designs involving IHs and composing
stimuli lists free of nuisance factors. Similarly, in our study, although stimuli were
matched in frequency, familiarity ratings were significantly lower for conditions with IH,
so we cannot completely rule out the impact of familiarity of items in the comparison of
conditions with and without IH. Acknowledging this limitation, we observed significantly
higher RTs and significantly lower accuracy in the multilingual group for the unrelated
condition in English and the related condition in German. Our results corroborate
previous findings on lexical decision studies (GROOT; DELMAAR; LuUPKER 2000;
HsIeH et al. 2017) and semantic relatedness studies (MACIzO; BAJO; MARTIN 2010;
THIERRY; WU 2004).

In the study of Kerkhofs et al. (2006), relatedness facilitated the selection of the
correct reading of the IH: IH preceded by related primes were responded to faster than IH
preceded by unrelated primes. In our study, IH were used in the prime position (similarly
to the study of Macizo, Bajo and Martin, 2010). This design was preferred to allow for
the two possible semantic representations of the IH to be accessed and to check then
whether relatedness with the target, in the target language, could generate a
disambiguation in the reading of the IH. Our results showed that relatedness in the target
language facilitates the selection of the correct reading of the IH, given that conditions
with IH related in English (and unrelated in German) were responded to faster than
conditions related in German (and unrelated in English). Relatedness led to facilitation in
the control conditions without IHs and disambiguation in the conditions with IHs,
whereas unrelatedness led to conflict in the multilingual group. The critical condition
(unrelated in English and related in German) had significantly higher RT and error rates,
suggesting that the strong association between the non-target reading of the IH and its
prime could either not be inhibited at all, leading to incorrect responses, or demanded a

greater effort to be inhibited, leading to higher RTs. In line with studies of IH in sentence
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context (ELSTON-GUTTLER; GUNTER; Kotz 2005), these results indicate a context-
dependent lexical selection phase: there was only disambiguation on the IH selection

when its English reading was related to the target.

The study of VVan Heuven and colleagues (2008) found evidence of conflict in the
bilingual selection of the IH only in RT and not in accuracy rates. Here we point out
possible explanations for this discrepancy with our study: first, their bilinguals were
foreign students living and studying in an English-speaking country, with immersion in
the L2 language and culture. Our sample of bilinguals and multilinguals, in turn, were
living and studying in their homeland and immersed in a different language (Portuguese).
Even though some of them may practice their L2 and L3 at work, they were not immersed
in a foreign language context. Due to this fact, participants from the study of VVan Heaven
and colleagues (2008) may have been less susceptible to interference from their strongest
language, since they were using their weakest language daily. Second, as first and second
languages may have different representations in the brain, depending on the individual’s
relative proficiency between these languages, and foreign languages may have to a greater
or lesser degree overlapped representations, it may be easier to inhibit the native language

rather than a stronger foreign language while dealing with the weaker one.

Another unexpected result is that error rates in the critical conditions in our study
were greater than in previous studies. Hsieh and colleagues (2017), for example, tested
whether Chinese-Japanese bilinguals would suffer interference from their second
language, Japanese, in their first language, Chinese, during a lexical decision task.
Interestingly enough, they found this interference in the L2-L1 direction, demonstrated in
RTs only, while the accuracy rate remained at about 90% in all conditions. We argue here
that this interference direction (the weakest language into the strongest language), which
is the opposite of ours, may account for the high accuracy rate in that study. Besides that,
as pointed out above, we cannot rule out the possibility that one’s control between two
foreign languages is weaker than between a native and a foreign language, which could

explain our accuracy rates.

4.3 Electrophysiological results

As figure 4 indicates, by collapsing all conditions and groups, we found a typical N400
component in electrodes Cz, CP1, CP2, CPz. Homograph presence has affected mean
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amplitudes of both groups, with unrelated conditions without homographs more negative
in amplitude in the bilingual group. In the multilingual group, there was no clear N400
effect, once all conditions have elicited a similar amplitude pattern. Studies with semantic
judgment comparing monolinguals with bilinguals evidenced some trends which were
also found in our work. In the studies by Thierry and Wu (2004) and Hoshino and Thierry
(2012), their monolingual (control) group was shown paired-up related and unrelated
conditions in the N400 time-window, with unrelated conditions presenting a more
negative amplitude. In our study, this same pattern occurred in our bilingual (control)
group. Also, in the study of Thierry and Wu (2007) and Kousaieand Phillips (2011) and
in our study, the mean difference in amplitude between related and unrelated conditions
was greater (and more evident) in the control group. These results are taken as evidence
that the control group suffered no language conflict, as electrophysiological results
demonstrate a clear target-reading of the IH, in our case and Kousaieand Phillips’ (2011),

and no translation to the non-target language, in the case of Thierry and Wu (2007).

In the study of Thierry and Wu (2007), monolingual and bilingual participants had
to judge pairs which could be either related or unrelated in English (L2), whose translation
equivalent to Chinese (L1) could have a repeated character (their incongruent condition,
e.g.. Huo Che and Huo Tui, meaning train and ham) or not(their congruent condition).
They found that monolingual speakers of Chinese had more difficulties judging unrelated
Chinese pairs which had a repeated character than pairs which did not, and this result also
occurred when bilingual speakers of Chinese and English had to judge English pairs with
these characteristics, while monolingual speakers of English had no hard time judging the
incongruent conditions at all. In the bilingual group, N400 lasted more and had a greater
magnitude in the congruent conditions for bilinguals only, in contrast to incongruent
conditions. In the study of Hoshino and Thierry (2012), however, the experimental group
(Spanish-English bilinguals) showed similar processing patterns to the control group:
related and unrelated conditions were clearly paired-up, but for monolinguals the related
conditions were the ones whose English reading of the IH was related to its English prime
and the other way around, while for bilinguals the related conditions were the ones whose
Spanish reading of the IH was related to its English prime. Our multilingual
(experimental) group, in turn, showed no clear and no statistical difference between
related and unrelated conditions, or in control (without IH) or experimental (with IH)

conditions. Even though our task was not the same as the task of Thierry and Wu (2007),
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in their bilingual group the ERP measure of congruent and incongruent conditions also
seemed to be indicative of a less clear processing pattern, when compared to
monolinguals. Our results are more in line with the findings of Thierry and Wu (2007)
than Hoshino and Thierry’s (2012).

4.4 General discussion: Evidence of non-selective access for foreign languages

Using a lexical decision task, Von Studnitz and Green (2002) found an external locus of
control during the processing of IHs, i.e., bilinguals are able to reduce interference by
controlling how they respond to them, but not by reducing the activation levels of the
non-target language in their lexico-semantic system. They found a “carry-over effect”,
i.e., a delayed “yes” response in the lexical decision task, in trials preceded by an IH
whose non-target reading generated residual activation in “no” units, did not dissipate
when participants were informed on the type of conflict they would face during the
experiment. The authors concluded (p. 17): "Conceivably, the carry-over effect simply
reflects processing difficulty and carries no implications for the nature of control”. We
argue here that our behavioral and electrophysiological results provide support to this
claim: ERPs showed that, for multilinguals, there was an initial phase in the processing
of word recognition in which the co-activation was very strong and was spread even to
control conditions, generating a great cognitive effort to interpret the words they were
facing. RT reflected the size of the inhibition, whereas accuracy rates demonstrated a later
phase of conflict resolution. These results are in line with the BIA+ Model (DIJKSTRA;
VAN HEUVEN 2002).

Yiu and colleagues (2015) aimed at finding the temporal window for the language
membership and semantic/syntactic information. Considering semantic priming effects
from non-target language representations shown in previous research, they hypothesized
that semantic and syntactic information should be accessed before language membership
information. To investigate this issue, early balanced Spanish-English bilinguals
performed a go/no go language task, in which they had to answer a semantic question (is
this word an animal or an object) only on English words and withhold a response to the
same question on Spanish words. Similarly, there was a go/no-go semantics task, in which
participants had to respond to animals and objects in English and withhold responses to

animals and objects in Spanish. Both conditions were counterbalanced between
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participants, with a final 8-instruction design. By evaluating the onset peak of N200,
which reflects response inhibition, earlier language membership access was encountered,
thus not confirming their hypothesis. On the other hand, in a Spanish Lexical Decision
Task and Spanish-category decision task (answer only Spanish words referring to person),
Ng and Wicha (2013) found proficiency-modulated results in comparison to the results
of Yiu and colleagues (2015). Their participants were balanced Spanish-English
bilinguals, with years of English exposure. At the time of the experiment, though, they
were immersed in an English environment. A language frequency effect was found for
both languages in the N400 window, as found by Hoshino and Thierry (2012) and
Kerkhofs and colleagues (2006), indicating that lexical access occurred as opposed to
only language membership information. Additionally, in semantic-category decisions,
similar results to Yiu and colleagues (2015) were found when English was the target
language, but opposite results when the target language was Spanish. As their participants
were, at the time of the experiment, immersed in an L2 environment, the authors argue
that language membership is accessed before semantics in the language which is more
frequently used in one’s certain lifetime period. Even though this issue was not tested
directly in our study, our results are in line with Ng and Wicha’s (2013). First, if our
participants accessed language membership first, there would be no interference of the
German reading of the IH, as it would be immediately discarded for being the non-target
language of the experiment. As Von Studnitz and Green (2002) explained in their study,
this strategy would implicate an internal locus of control and, consequently, a selective
language access. In addition, electrophysiological results should show no difference
between the control and experimental group, as in the study by Rodriguez-Fornells et al.
(2002). Our findings went in the opposite direction: just like Ng and Wicha’s (2013)
results found in Spanish, the dominant language of their participants, results of our
multilingual participants indicated that lexical information was accessed rather than
language membership information, since they could not inhibit German’s lexical
representations, which was their dominant language. In this way, we provide support to
BIA+’s prediction that the language nodes are rather represented through an item’s
language membership “label”, which lacks a functional role. Our results provide support
to this claim to the extent that, even though our participants may have tried to ignore the

words labeled "German" in their mental lexicon, once they were instructed they would
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read only English words, they suffered an interference from their German semantic

information.

4.5 Limitation and future directions

There are some limitations to this study that should be mentioned. Our sample size is
relatively small as well as our number of stimuli. However, the type of bilingualism and
multilingualism (Portuguese-English/German; late and not in immersion) is not often
reported in similar studies. Considering our stimuli list, on the one hand, we strictly
controlled some factors which were not controlled in previous studies, such as: a) we had
same word class in both readings of the IH and the other stimuli, avoiding nouns which
were also verbs in English (this is a very common phenomenon of the language and could
not be completely erased); b) we did not admit words with a Latin origin, in order to avoid
interference with the native language. This has, on the other hand, unfortunately reduced
dramatically the candidate IHs due to the above-mentioned selection criteria, and
consequently the number of trials due to both languages’ nuisance factors. Another caveat
was the difference in familiarity between conditions with and without homographs.
Although the effect size was small-medium this factor may have affected RTs and N400
amplitude. This problem may explain why, although our conditions were matched
statistically in frequency, our behavioral results did not show a perfect pattern for the
control (bilingual) group (e.g.: conditions with IH being slightly harder for both groups).

In spite of the above-mentioned limitations, our study has successfully replicated
findings in the bilingual literature for multilinguals, suggesting that lexical access in
foreign languages occurs in a language non-selective fashion, with the co-activation of
target and non-target representations. This was especially evidenced in the unrelated in
English and related in German condition, which indicates that German-speaking
participants had some hard time inhibiting German word representations. In line with
results of IH in sentence context (ELSTON-GUTTLER; GUNTER;K0Tz 2005) these results
indicate a context-dependent lexical selection phase: there was only disambiguation on
the IH selection when its English reading was related to the target. Electrophysiological
results show that the presence of IH only affected the group which could "read"” them in
two competing ways. Further studies should indicate which factors affect IH reading with

multilingual speakers.
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4.6 Conclusions

In this study, our aim was to investigate the occurrence of co-activation of the dominant
foreign language of multilinguals during a task in their non-dominant foreign language,
as it has been found in similar studies with monolinguals and bilinguals. The behavioral
results showed that the presence of the homographs slowed responses and elevated error
rates, especially in the multilingual group. We believe this result is due to difficulties in
the inhibition of non-target representations. Moreover, a clear N400 effect only in the
bilingual group may indicate that, even though the homographs also interfered with the
bilingual group, both groups processed the interlingual homographs differently, which
can be taken as evidence of a modulation of the component due to the access of non-target

readings in the multilingual group.

Appendix

Characterization of the subjects

All participants were recruited through social media and institutional e-mails for this
study. They had normal or corrected to normal visual and auditory acuity, suitable for
task demands, and agreed in taking part of the research, by filling in the Written Informed
Consent. The socioeconomic status was evaluated by the Brazilian Classification Criteria
questionnaire developed by the Brazilian Association of Research Companies (ABEP,
2018), which classifies individuals into seven classes (in descending order of
socioeconomic status): A (45-100 points), B1 (38-44), B2 (29-37), C1 (23-28), C2 (17-
22) and D-E (1-16) and E (0-7). Most of the participants of both groups belonged to the
middle classes B2 and C1: the average score in ABEP Questionnaire was C1 (28.13, SD
24.58) for the bilingual group and B2 (31.07, SD 24.11) for the multilingual group.
Regarding participants’ educational area, most of them either had a degree or were
studying to obtain a college degree in Human Sciences (66.7% of the bilingual
participants and 63.6% of the trilingual participants). All participants reported having
both parents with Portuguese as their first language.
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Foreign Language knowledge and use

Table 1 shows details of age and context of acquisition of English and German and Table

2 represents self-reported proficiency for both groups.

Table 1 — Self-reported language acquisition

e/u (%T1°8T) ¢ (%06) T (%T1°8T) Z
A +02 A +02 Ajiure Ajiwre
(%z'22) € (%69°'€9) L (%0'6) (%z'22)E
K0z-11 K0z-11 Sl Sl
6 (%5'7S) 9 (%0'6) T (%0'6) T (%0'6) T
S[enbuliniinin K01-G K0T-G yos| yos|
(%1°8T) ¢ (%06) T (%208 (%b'Sh) S
Av-1 e ! 11
e/u e/u ’/u ’/u
A +02 A +02 Ajiure Ajiwre
sfenbuljig (%¢g'8S) L e/u (%eee) ¥ e/u
Koz-11 Koz-11 Sl SI
(%G2) € e/u e/u e/u
K0T1-§ K0T1-§ Yosl Uosl
(%991) ¢ e/u (%6999) 8 e/u
Ky-1 Ky-1 ! 11
1)
(%) N Ammvm\_w_v (%) N (%) N
ysijbug ysijbug uewI?9
uewa9)
uonisinbay uonisinbay uonisinbay
uonisinboy
abenbue] abenbue] abenbue]
abenbue]
J0 aby J0 1X81U0D JO 1X81U0D

J0 aby

LI: Language Institute (3-5 hours per week); 1Sch: International School; IS: Individual Studies;

years; nfa= non-applicable

y:

Source: Own authorship
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Table 2 — Self-reported language proficiency

61

Subjective Proficiency English
Bilinguals Multilinguals
LST | SPK RD | WRT | LST | sPk RD | WRT
7 3
6 2 5 3 5 3
0, 0,
Fluent (585“’ (25)'0/" (50.0%) | (16.6%) | (45.4%) | (27.2%) | (45.4%) | (27.2%)
5 7
6 7 3 3 4 1
0, 0,
Advanced (415“’ (58)'3/" (50.0%) | (58.3%) | (27.29%) | (27.2%) | (36.3%) | (9.0%)
) 2
Intermediat 0 2 3 5 2 7
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Figure 7: Self-rated use of languages for participants in the bilingual and multilingual groups,
divided into the time-windows 0-3 years old, 3-7 years old, 7-14 years old and at the time they
participated in the research.
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Language use of both participant groups across their lifespan is represented in
Figure 1, in which we show each group's mean of self-reported speaking hours per week.
It shows that, between adolescence and adulthood, the participants of the multilingual
group started using more German than English. Besides the information collected through
self-report, native and foreign language proficiency was also assessed objectively,

through the following tests:

I) Semantic verbal fluency — (animals/min) - participants were required to produce, during
a minute, as many names of animals as possible. An independent sample t-test was
performed on semantic fluency both in Portuguese and in English. No significant
difference was found between groups in Portuguese, (t=.23; df=21; p=.81) nor in English
(t= 0.25; df=21; p= .80). A paired ANOVA with Tukey post hoc evidenced both groups
performed better in Portuguese than English (ps<.01), but no significant difference
between English-German languages on multilingual group in this test was found (all ps>
.09).

I1) Phonemic verbal fluency — participants were asked to produce, during a minute, as
many words as possible starting with specific letters. For the English and Portuguese
languages, letters were selected according to the American Version of Verbal Fluency
Test: A, Fand S. In German, the sound /f/ is more often found in nouns which start with
the consonant <v>, and this could cause confusion in the participants. Besides that, words
starting with A in German are less frequent than in Portuguese and English. Therefore,
we adapted this task adopting a subset of letters suggested by the Fluency test of
Regensburg (Regensburger Flussigkeitstest): B, M and S. An independent sample t-test
was performed on phonological fluency and showed no significant difference between
groups in Portuguese (t= .11; df=21; p= .91) nor in English (t= 1.34; df=21; p= .19).
Paired ANOVA Tukey post hoc showed significant difference only in the bilingual group
between Portuguese and English versions of this task(p=.006). The multilingual group

had similar performance in all the three languages (all ps>.13).

I11) Boston Naming test — we used a short version of the Boston Naming Test with 30
pictures instead of 60: 10 high-frequency, 10 medium-frequency and 10 low-frequency.
The pictures were to be named in Portuguese and English (bilingual group) and also in
German in the multilingual group. An independent sample t-test was performed and
showed no significant differences between groups in Portuguese (t=.05; df=21; p=.95)
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or in English (t= 1.02; df=21; p= .31). — The paired ANOVA with Tukey post hoc
evidenced both groups had better performance in Portuguese than English and German
languages (all ps<.001). No significant difference was found between English-German in

the multilingual group (p= .68).

Neuropsychological characterization

Participants were assessed with Direct and Inverse Digit Span tests (for the assessment of
working memory capacity), and we also applied the subtests of VVocabulary and Cubes of
WAIS-11I (estimate 1Q). Independent t-tests reported no significant difference between
groups in the raw scores of these tasks (p> 0.72). The neuropsychological assessments
were undertaken only in Portuguese. The instructions of the linguistic pre-tests (Boston
Naming Test, Verbal Fluency) were given in the tested language. In summary, the
bilingual group performed the neuropsychological tests in Portuguese and then the
language objective assessment in Portuguese. After that, participants engaged in the task
language mode (GROSJEAN, 2010) (English), for the linguistic tests and during EEG
preparation and experiment instructions. The multilingual group did the same procedures
for the neuropsychological assessments and objective language assessment of Portuguese.
After that, participants engaged in German language mode for the linguistic tests in
German. Finally, participants engaged in the task language mode (English), for the
objective assessment of English proficiency and during EEG preparation and experiment
instructions. Only English was used for the rest of the experiment session and participants

were told that the rest of the session and the experiment would require English only.

Description of the semantic judgement task (preliminary study and stimuli psycholinguistic
features)

Relatedness between prime and target was initially generated with the aid of the software
Sketch Engine and Small World of Words (LEUVEN, 2017). They generate, from a typed
input word, a ranking of other words which are commonly related to them. As they are
based on research developed with native speakers, we implemented a second phase of
normalization of the stimuli, with the assessment of semantic relatedness by bilinguals

(Portuguese-English) and multilinguals (Portuguese-English-German). One hundred and
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eight individuals judged the stimuli pairs regarding semantic relatedness, on a 1-5 like rt
scale in which 1 means completely unrelated and 5 completely related. Themean and
standard deviation of the related word pairs with homograph was 4.13 + 0.32 and without
homograph 4.06 + 0.25. The mean relatedness rating of the unrelated word pairs with
homograph was 1.79 + 0.47 and without homograph 1.57 + 0.40). A Kruskal-Wallis test
was performed between related (with/without homograph) and unrelated (with/without
homograph) word pairs, for a detailed comparison. Stimuli were matched in pairwise
comparison test Dwass-Steel-Critchlow-Fligner (p related= .35, p unrelated= .73)
regarding the prime-target relatedness.

Stimuli (primes and targets, separately) were also judged according to their
familiarity to participants and concreteness. We examined the individual word stimuli
performing two Mann-Whitney tests comparing word frequency, word length, familiarity
and concreteness of the stimuli in the related vs unrelated conditions and in the conditions
with vs without homographs. The comparisons between related and unrelated pairs
evidenced that the stimuli were matched in word frequency — mean= 30.26, SD= 32.876
related; mean= 35.06, SD= 35.891 unrelated; word length - mean= 4.59, SD= 0.945
related; mean= 4.69, SD= 1.123 unrelated; familiarity — mean= 4.54, SD= 0.443 related;
mean= 4.59, SD= 0.347 unrelated; and concreteness — mean= 4.02, SD= 0.819 related:;
mean= 4.01, SD= 0.833 unrelated; (p > .48 in all comparisons). In the comparison
between pairs with and without homographs, the stimuli were also matched in word
frequency (p= .37) — mean= 31.42, SD= 33.923 with homographs; mean= 33.91, SD=
35.002 without homographs. However, in the conditions with homographs the stimuli
presented in average fewer letters (Mean= 4.43, SD= 1.03) compared to the conditions
without homographs (4.85, SD= 0.99). Although familiarity means in all conditions was
very high, the stimuli in the conditions with homographs had a lower familiarity rating
(Mean= 4.48, SD= 0.41) than the conditions without homographs (Mean= 4.65, SD=
0.36). Also, conditions with homographs had a higher concreteness rating than without
(Mean= 3.53, SD= 0.876 with homograph; Mean= 4.50. SD= 0.363 without homograph).
These differences in the homograph conditions were of medium/small effect size (rbp<
.25).
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