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Abstract
English.
This study investigated the reorganization of perceptual categories following a
short language learning experience. A first goal was to investigate the interaction of previous labels with learning and potential language-induced effects on categorical perception. A
second goal was to determine whether language-learning might make similar colours more distinctly perceived (within category separation) and/or more dissimilar colours less distinctly
perceived (between category compression). A third goal was to assess whether potential effects would be persistent, indicating authentic learning and reorganization of the semantic
space. In two experiments, native French participants were asked to learn new labels for two
nuances of each of four hues. Across participants, we manipulated whether the colours had
a previous robust label (ETN colours) or not (HTN colours). Linguistic similarity of labels
for different nuances and hues was manipulated within participants. Speakers then had to
rate the perceived similarity of colour pairs. Results showed that colours that had a previous
robust label were persistently rated as more similar if they had similar new labels. These
findings highlight 1) a key role of spreading activation and lexico-semantic strengthening
induced by competition as a drive of second language learning, and 2) an impressive malleability of the human perception-based interpretation of the world. An ongoing EEG study
reproducing the previous procedure and further including a visual oddball task will help to
determine the neurobiological basis of the perceptual shifts and lexicalization processes by
investigating several Event-Related Potential (ERP) components (vMMN, P2 and N400).
Keywords. language learning, bilingual language production, lexico-semantic competition,
colour perception, categorical perception, reorganization of semantic space.
Français.

Cette étude a examiné la réorganisation de la perception catégorielle à la

suite d’une expérience d’apprentissage linguistique. Un premier objectif était d’étudier
l’interaction de l’apprentissage avec les labels précédemment appris et les effets potentiels
induits par le langage sur la perception catégorielle. Un deuxième objectif était de déterminer
si l’apprentissage pouvait mener à percevoir des nuances d’une même couleur comme moins
similaires (séparation intra-catégorie) et/ou des couleurs distinctes plus similaires (compression inter-catégorie). Un troisième objectif était d’évaluer la persistance des effets potentiels,
indiquant une réelle réorganisation de l’espace sémantique. Dans deux expériences, des participants français ont appris de nouveaux labels liés à des couleurs. La robustesse des labels
a été manipulée entre les participants (très robuste pour les couleurs faciles à nommer, peu
robuste pour les couleurs difficiles à nommer). La similitude linguistique des labels a été manipulée au sein des participants. Les locuteurs devaient ensuite évaluer la similitude perçue
des paires de couleurs. Les résultats ont montré que les couleurs qui avaient un label robuste
étaient systématiquement considérées comme plus similaires si elles avaient de nouveaux
labels similaires. Ces résultats mettent en évidence un rôle clé de l’activation et du renforcement lexico-sémantique induits par la compétition en tant que moteur de l’apprentissage
d’une seconde langue. Une étude EEG en cours incluant une tâche visuelle oddball aidera à
déterminer les bases neurobiologiques des changements perceptuels et des processus de lexicalisation, en étudiant plusieurs potentiels évoqués (vMMN, P2 et N400).
Mots clés. apprentissage linguistique, bilinguisme, réorganisation de l’espace sémantique,
compétition inter-langues, perception des couleurs, perception catégorielle, pseudomots.
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1. Introduction
As human beings, we tend to categorize the perceived world into a complex structure made of
objects, actions, places, and events (Gervits, Johanson and Papafragou 2016). By interpreting and
classifying the environment, we also are prone to believe these categories exist in the outer reality
by themselves (Goldstone, Kersten and Carvalho 2018). Thus, interpretation entails changes in
our perception, making it a fundamental component of categorization. According to Nosofsky and
Smith (1992), similarity decisions have been found to play an important role in categorization
processes. A large body of work has shown that categorical perception is sustained and affected by
language: for example, two objects sharing a label are perceived as belonging together, compared
to objects without labels (Lupyan et al. 2020; Gervits, Johanson and Papafragou 2016). In one
study, Johanson and Papafragou (2016) showed that perceptually similar objects are more likely
to be grouped together if they have similar labels. This evidence suggests that linguistic labels
applied to objects can affect non-linguistic perception of these objects.
Following those findings, studies across languages that have a more or less detailed vocabulary
related to a given perceptual domain have illustrated the effects of long-term linguistic influences
on our way of categorizing (Thierry et al. 2009; Athanasopoulos et al. 2010; Winawer et al. 2007).
For example, Greek has two different words to refer to dark and light blue (respectively ble and
ghalazio) while English only has one (blue). It has been shown that Greek speakers rate light and
dark blue as being less similar compared to English speakers (e.g., Thierry et al. 2009). Furthermore, besides differences in perceived similarity, Greek speakers also showed a larger modulation
of the visual MisMatch negativity (an Event Related Potential, ERP, component) compared to
English speakers in an oddball task that used one of the blue nuances as standard (e.g., light
blue) and the other one as deviant (e.g., dark blue). The oddball task is a procedure designed
to investigate early perceptual processes indexed through ERPs. Sequences of identical stimuli
are presented and randomly interrupted by a deviant stimulus, or oddball. Previous studies have
shown that the visual MisMatch Negativity (vMMN) is known to be a reliable marker of preattentive cerebral detection of visual stimuli (e.g., Stefanics, Astikainen and Czigler 2015). Hence,
it would seem that the perceptual differences related to having one or two labels for different
nuances of a colour have a pre-attentive origin. Interestingly, another study showed that these
language related differences in perception can change over time as a consequence of linguistic immersion. Concretely, Athanasopoulos et al. (2010) showed that Greek speakers that had spent
a long time in the UK (average of 42.6 months) showed a reduced vMMN for different nuances
of blue compared to Greek speakers who had only spent a short period in the UK (average of
7.2 months). Along the same lines, Juárez et al. (2019) showed that when participants learn to
associate two distinct labels to sort multi-featured visual textures into two categories, perceptual
similarities are reinforced (within category compression) and perceptual differences are enhanced
(between category separation) compared to when no label was given. This effect was revealed both
in dissimilarity ratings and on the early perception related (N1) and a late decision related (LPC)
ERP components. Taken together, these findings suggest that the relationship between categorical
perception and language is rather malleable. However, several important open questions remain
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concerning the nature and boundaries of such language induced changes of mind.
A first question is whether any effect on categorical perception would be observed when learning
a new label for an object that already has a label in the native language. The study of Thierry et al. (2009) suggests that long-term linguistic-induced effects on perception can be observed.
However, given the timescale of these effects, it is difficult to know whether they relate to learning
a new language or forgetting the native language (i.e., first language attrition, e.g., Schmid 2013;
Runnqvist and Costa 2012). In turn, Juárez Juárez et al. (2019) focused on learning labels for
objects that did not have any previous label. Therefore, it is yet unknown how the dynamics of
learning and the categorization of reality would be affected by a short learning session teaching distinctions that differ from those of the native language of the participants, for objects that already
have labels in the participant’s mother tongue.
To understand why having or not having a previous label might be relevant for the effects of
interest here, we need to briefly turn to some key principles of bilingual language production,
namely co-activation of languages and language control. A large body of work has focused on
speech dynamics in the context of bilingualism, showing that both languages are activated even
when a task is performed in only one of them (e.g., Colomé 2001; Wu and Thierry 2010; Kroll
et al. 2008). The Revised Hierarchical Model (RHM) developed by Kroll and Stewart (1994) has
been proposed to explain asymmetries found between first language and late-acquired second language in the access of the semantic network. According to this model, the first language (L1)
has direct access to semantic components, whereas the second language (L2) requires translation
into the first language to access the meaning of a word. According to this theory, co-activation of
L1 when speaking in L2 would thus be the result of an automatic translation in the case of low
proficient speakers or second language learners. For more proficient speakers, the co-activation
would rather be due to automatic spreading activation (e.g., Wu and Thierry 2010; Runnqvist
et al. 2012). Co-activation is thought to be dependent on the strength of lexical representations,
leading words in L1 to be more co-active during L2 production than vice versa during the initial
phases of learning, or for low proficient bilingual speakers (e.g., Runnqvist, Strijkers and Costa
2019). Given that a unique lexical candidate has to be selected for production, such co-activation
from the language currently not in use is a potential source of interference. There is no consensus in
the literature concerning how exactly speakers cope with the potentially interfering co-activation
from the non-target language when speaking. However, two influential alternatives of bilingual
language control have been put forward. The first alternative is that co-activated lexical items
from the non-target language have to be inhibited in order for a speaker to select the appropriate
word in the desired language (e.g., Green 1998). The second alternative is that lexical items from
the weaker language undergo disproportional strengthening in their lexico-semantic mappings in
order to facilitate their production (e.g., Runnqvist, Strijkers and Costa 2019). While this kind of
bilingual language control is thought to be in place when speaking in a second language, little is
known about what role it plays, if any, during the process of learning. These complex interactions
between the co-activation of previously existing labels and bilingual language control are likely to
have an impact on language learning induced effects of categorical perception. Returning to the
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present study, most if not all languages count on a reduced set of words to name the prototypical
colours such as blue, purple, red, orange, yellow, and green. The lexical frequency of these labels
tend to be extremely high, and hence they are conceivably highly co-activated when learning a
new label for these colours. Depending on how this co-activation is dealt with, it may be expected to impact categorical perception differently: if speakers rely on the native language labels to
access semantics through automatic translation as proposed in the RHM, interference from these
can be expected to be maximal, potentially cancelling out any effect of the newly learnt labels
on categorical perception. However, this strength in coactivation can also be expected to interact
with processes of bilingual language control. In order to learn a new label for a colour that has a
previous label very strongly associated to it, presumably speakers need to either inhibit the native
language label very strongly, or strengthen the new label very strongly (e.g., Runnqvist, Strijkers
and Costa 2019). This interaction with bilingual language control, especially if it is carried out
by strengthening the weak labels that are being learnt, could lead the labels of colours with a
previously strong label attached to them (blue, red, etc.) to have a large impact on categorical
perception.
A second question is whether the effects of learning a new language on categorical perception
would extend to within category separation (perceptual differences are reinforced) and between
category compression (perceptual similarities are enhanced). The within category separation effects observed so far in the literature only concerned comparisons between a distinction present in
the native language of some participants and absent in the native language of others (i.e., ble and
ghalazio in Greek versus blue in English). The effects of a language learning experience on this
distinction was in the sense of within category compression (i.e., a loss of the distinction). Concerning between category compression (i.e., increased similarity of objects belonging to different
categories such as blue and green), to the best of our knowledge no previous study has addressed
this phenomenon. Nevertheless, it is perhaps the most interesting condition to attain a better
understanding of the pure impact of language on categorical perception, as it is the only one that
completely dissociates perceptual similarity and linguistic similarity.
A third question investigates whether any potential language-induced effects on categorical perception obtained in a single experimental session would reflect actual persistent lexical learning and
reorganization of perceptual categories. Alternatively, it might be the result of a transient stimulus
response association without any consequences for language or categorical perception beyond the
experimental session. Novel stimulus response associations created within a single experimental
session have indeed been shown to impact perception by, for instance, reducing the conflict adaptation in Stroop like tasks (e.g., Braem, Verguts and Notebaert 2011; Raz et al. 2006). In the
context of word learning, the stimulus response association could be assimilated to the rapid, initial
familiarization phase proposed by Davis and Gaskell (2009) in the adapted model of Complementary Learning Systems (CLS), which would be followed by a slow lexical consolidation. First, the
word forms an episodic memory trace in the hippocampal system. Then, the word goes through a
period of offline consolidation before being integrated in neocortical structures. A series of recent
studies have focused on the reorganization of pre-existing semantic space following the integration
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of novel words using event-related potentials (ERPs) (e.g., Bakker et al. 2015; Liu and Hell 2020).
Peaking around 400 ms after stimulus onset, the N400 is a negative ERP component that has been
extensively used to study lexicalization through the consolidation process of a newly learnt word.
These studies have had participants complete the experiment across multiple days, to determine
whether learning truly occurred, indexed by modulations of the N400. By contrasting sessions
against one another, the researchers can determine how learning occurred throughout the experiment and to what extent newly lernt labels display wordlike EEG deflections. To sum up, both
the use of multiple sessions and the examination of certain EEG components seem appropriate
to asses whether new labels have become lexicalized, arguably leading to a reorganization of the
semantic space (in the present study, of perceptual categories).
Aims of the present work. In the current study, we aimed at answering the three questions
outlined above through a series of three experiments (two have been completed and one is still ongoing). In all experiments, participants learnt to associate labels to a series of colours. Afterwards,
participants’ categorical perception of the colours was assessed by having them rate the similarity
between pairs of colours (all experiments) and through an oddball paradigm in which one colour
was used as standard and another as deviant (Experiment 3). An effect of language on categorical
perception would be reflected through modulations of the similarity ratings, or of the vMMN in
the oddball task, by the similarity of the linguistic labels of a given pair of colours.
To address the first question outlined above (i.e., will effects on categorical perception be observed
when learning a new label for an object that already has a label in the native language?), we
introduced a manipulation related to the robustness of previous linguistic labels associated to the
colours. In half of the experiments, we used Easy-to-name colours (ETN), i.e., colours with a
strongly attached label (e.g., red, green, blue) for which the speakers are close to full agreement
when naming. For the other half we used Hard-to-name colours (HTN), i.e., colours with low
naming agreement (e.g., complex shades such as taupe, turquoise, salmon) that possess no stable
label since speakers tend to feel uncertain about their colour names. We reasoned that the previous
native ETN colour names would be more strongly coactivated during learning of the new labels
compared to previous native labels for HTN colours. If maintaining this co-activation is necessary
for the learning of the new label to take place as proposed by the RHM, one might expect that
the more co-active the previous labels, the less impact of the new labels on categorical perception.
That is, learning new labels for ETN colours should result in a much smaller effect on categorical
perception compared to learning new labels for HTN colours. If the co-activation is countered by
inhibiting the previously existing labels, the effects on categorical perception can be expected to
be similar between the ETN and the HTN conditions. Finally, if the co-activation is countered by
a proportional strengthening of the new labels for the colours, learning new labels for ETN colours
should result in a much larger effect on categorical perception compared to learning new labels for
HTN colours.
To address the second question outlined above (i.e., will the effects of learning a new language on
categorical perception extend to within category separation and between category compression?)
we manipulated two variables: Label (same/ shared root/ different in Experiment 1 and same/
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different in Experiments 2 and 3) and Category (same -e.g., light blue and dark blue- or different
-e.g., blue and purple). Contrasting ratings for colour pairs of the same category that had been
given the same or different labels would allow us to assess within category separation. Contrasting
ratings for colour pairs of different categories that had been given the same or different labels
would allow us to assess between category compression.
Finally, to address the third question outlined above (i.e., would language-induced effects on categorical perception obtained in the context of a single experimental session reflect actual persistent
lexical learning and reorganization of perceptual categories or only a transient stimulus response
association?), in Experiments 1 and 3 we introduced a second experimental session taking place
one day after the first one. In this session, participants completed the same similarity ratings
(Experiments 1 and 3) as on the previous day, and in Experiment 3 the similarity ratings were
followed by the same oddball task as on the previous day, and finally by an identical learning
session as on the previous day. Observing effects of categorical perception on the second session
would suggest that authentic learning and reorganization of perceptual categories had taken place.
This is because on the second day, the ratings and oddball tasks were not preceded by the learning, precluding transient stimulus response associations to account for any effects. Furthermore,
comparing electrophysiological indices of lexicalization (P2 and N400 components, e.g., Strijkers,
Costa and Thierry 2010; Bakker et al. 2015) across the two sessions and across the ETN and HTN
colour sets will allow us to shed light on the relationship between lexical robustness of previous
labels (ETN versus HTN), learning (indexed through P2 and N400 modulations) and categorical
perception (relationship between P2/N400 and ratings or vMMN).

2. Experiment 1: First behavioural study
Experiment 1 investigated the effects of learning a new vocabulary on categorical perception of
colours. Participants carried out a learning phase where they had to associate newly-learnt pseudowords to 8 colours (four different hues - blue, purple, orange, yellow - with two nuances each light and dark). Half of the nuances of the same hue (e.g., light and dark blue, light and dark
yellow) were associated with one label and the other half with two labels (e.g., light and dark
purple, light and dark orange). When two labels were associated to the nuances of the same hue,
the labels shared the root but differed in the coda (e.g., djols and djoft for dark and light blue).
While nuances of different categories never shared a label, half of them also shared the root (e.g.,
djonz for purple). After the learning task, participants rated the similarity of all possible combinations of the colours. If the newly learnt colour vocabulary would have an effect on categorical
perception, nuances of the same hue receiving two labels would be rated as perceptually less similar than colours receiving only one label (i.e., within category separation), and nuances belonging
to different hues that shared a root would be rated as more similar than those that had entirely
different labels (between category compression). Furthermore, to assess the potential interaction
between the robustness of previously existing labels (leading to a varying amount of co-activation)
and the effects on categorical perception induced by the newly learnt labels, two sub-experiments
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were conducted on distinct colour sets: 1) Easy To Name colours (ETN), expected to result in
strong co-activation; 2) Hard To Name colours (HTN), expected to result in a weak co-activation.
Depending on whether the co-activation of previous labels is maintained, inhibited or leads to a
proportional strengthening of the new labels, one would expect larger effects on categorical perception for the HTN, no difference between ETN and HTN or larger effects for ETN respectively.
Finally, the duration of the effects on categorical perception were assessed through a second session
carried out 24 hours later in which participants performed the same similarity ratings as on the
previous day, and then they were asked to name the colours to assess the retention rate of the
newly learnt labels. If the potential effects on perpetual categorization reflect persistent learning,
they would be expected to be present also on the second session.

2.1. Material and methods
Participants.
72 participants gave written consent (see Appendix D) to take part in the
experiment (M=24.19 years; SD=3.19; [19;32]; 60 female, 12 male). All participants were native
French-speakers recruited through Aix-Marseille University and compensated 15 euros via PayPal.
The experiment took an average of 55 minutes to be completed, spread across two sessions (45
minutes for the first session, 10 minutes for the second session). All participants reported no
hearing, speech or neurological disorders, and had normal or corrected-to-normal vision, with no
colour perception disorders. Data from two participants were rejected due to equipment failure
(microphone issues, one in each experiment), and data from four participants were rejected due to a
misunderstanding of the task (one in the ETN experiment, three in the HTN experiment), leaving a
sample of 66 participants data for analysis (34 in ETN, 32 in HTN). In order to control for language
facilitation effects (Rolstad and MacSwan 2014; Incera and McLennan 2018), participants were
asked to self assess their language proficiency through a preliminary questionnaire (see Appendix
A.4). The scores representing the proficiency, age of onset and frequency of use are provided in
Table 15.
Stimuli
Colours. Stimuli were composed of 16 computer-simulated colour chips, 8 belonging to the ETN
category and 8 to the HTN category. The variable Colour category was divided between Within
and Across category. The Within category was composed of a pair of a dark and light nuance of
the same colour, created by contrasting luminance. The Across category was composed of colours
contrasted according to their hue. The colour sets were pre-tested to ensure that the perceptual
differences between ETN and HTN colour sets were significant. Colour sets are displayed in Table
16 of Appendix and detailed information about the full colour selection procedure is given in
Appendix B.1.
Pseudowords.
A pseudoword is a unit of speech conforming to phonotactic rules of a given
language while being devoid of meaning. Seven pseudowords were created according to phonotactic
rules of French (Dell 1995). According to the work of Johnson and Eisler (2012) and Lima and
Inhoff (1985) on the importance of the first letter in word recognition, the pseudowords were created
by eliminating each of the initial phonemes used in common colour names in seven languages
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(French, English, Spanish, Italian, German, Arabic and Portuguese). To match the learning
difficulty of the pseudowords, length and structure were held constant. To control for potential
facilitation effects, each pseudoword was checked for lexical neighbours (Duyck et al. 2004). Finally,
the set of pseudowords was pre-tested to ensure equal perceived pronunciation difficulty and thus
determine suitability of the stimuli set. Detailed information about the complete pseudoword
selection procedure is given in Appendix section B.2.

2.2. Instrumentation and measures
Experimental design.
Four variables of experimental interest were manipulated. The first
variable was Label, which refers to the label given of a given colour pair. Nuances belonging to the
same hue (e.g., light and dark blue) could either receive the same label (djols) or two labels with
the same root but a different coda (djols, djonz). Nuances belonging to different hues (e.g., blue
and purple) could either receive labels that shared the root and differed in the coda (djols, djonz),
or labels that were entirely different (djols, sniks). The second variable was Colour category, which
refers to the type of colours compared in a colour pair (two levels: across (e.g., blue and purple);
within (e.g., dark blue and light blue)); The third variable was Experiment, which refers to the
easy or hard to name colour sets (two levels: ETN, HTN). Finally, the fourth variable was Session
number, referring to the first or second day of experiment (two levels: session one, session two).
See table 1 for examples of colour sets.

ETN set
Blue 1

Blue 2

Purple 1

Purple 2

djols

djols

djonz

djoft

Orange 1

Orange 2

Yellow 1

Yellow 2

sniks

tsalp

tsalp

tsalp

sniks

tsalp

Maroon 2

Gold 1

Experiment 1
snild

Experiment 2
djols

djols

flurn

flurn

sniks

HTN set
Grey 1

Grey 2

Lilac 1

Lilac 2

Maroon 1

Gold 2

Table 1: ETN & HTN colour sets and labels used in Experiments 1, 2 and 3.

The dependent variables were naming accuracy for the learning task and the similarity ratings for
the rating task. To avoid any stimulus effects, all colour-label associations were fully randomized
across participants in both experiments. Due to a bug in the experiment, the experimental conditions were not perfectly randomized, resulting in one condition being tested five times instead of
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one. Post-hoc analyses showed that the results were not impacted by the imbalance (χ = 3.089;
p = 0.797). Because of a miscalculation, the ETN experiment only displayed 49 colour pairs in
the similarity rating task, instead of 56. This results in the Within category colour pair Purple
1-Purple 2 to be presented only once; the three remaining colour pairs were Blue 1-Yellow 1, Blue
2-Yellow 2 and Orange 2-Purple 2, which are colour pairs belonging to the baseline category (i.e.,
colours that did not belong to the categories of interest, for example Blue 1 and Orange 2). The
experiment was created and run online on FindingFive1 .
Procedure.
Naming out loud task. The naming out loud task was divided into learning blocks and testing
blocks. In the learning blocks, the eight label-colour associations (e.g., Blue 1 was called djols)
were presented five times each. For each colour, the label colour pair was presented for 1000 ms,
followed by the colour chip for 3000 ms, during which the participant was instructed to name out
loud the label associated with the colour displayed (e.g., if they saw Blue 1 they had to name out
loud djols). A blank screen of 700 ms intervened between each trial. At the end of each learning
block, a testing block was presented with all 8 colour chips displayed one time each for 3000
ms, during which the participant was instructed to name out loud the label associated with the
colour displayed. Each participant completed ten blocks of the task. The order of stimuli within
the blocks was randomized across and within participants. Additional information is provided in
Appendix section C.
Similarity rating task. After completing the naming out loud trials, participants were tested in
a similarity rating task. Participants were shown all colour pair combinations that were possible
by randomly combining the colours previously seen during the first stage of the experiment. Each
pair was presented twice to counterbalance the appearance of the stimuli (left or right), resulting
in a total of 56 trials. Participants were asked to rate the similarity of the colour pairs on a scale
of 1 to 6 (1: very different, 6: very similar) with a button-press response. They were instructed to
make all judgments as quickly and accurately as possible. Once a rating was entered, the screen
was cleared for 500 ms before the next colour pair appeared.
Data preprocessing. Each trial belonging to the testing blocks of the naming out loud task
was manually checked to determine the error rate. Naming accuracy in the testing blocks was
analysed to determine the extent to which subjects had learnt the colour-label associations. Naming
accuracy of the first session was calculated by including experimental block one to ten. Naming
accuracy of the second session (retention rate) was calculated over the eleventh experimental
block. In order to remove outliers, trials in the similarity ratings with response latencies longer
than (µ − 2σ 6 X 6 µ + 2σ) were not considered in the analyses.
Statistical analysis. The data were analysed using the lme4 package (Bates et al. 2015) in R
version 3.2.2 (R Core Team 2020). Naming accuracy was analysed using generalized linear mixed
models (GLMM) with a binomial link function (e.g., Jaeger 2008), estimating the conditional
probability of a response given the random effects and covariate values. Similarity ratings were
analysed with linear mixed models (LMM), estimating the influence of fixed and random covariates
1

European server on https://eu.findingfive.com/
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on the response (e.g., Baayen, Davidson and Bates 2008). In all models, Participants and Items
were included as crossed random effects (i.e., intercept estimates), allowing to tease apart the
influence of subjects/items on their repeated observations from the influence of the fixed effects
of theoretical interest. Naming accuracy and similarity ratings were fitted in separate models.
Naming accuracy was modelled to assess the learning effect over the testing blocks in the first
session and to assess the retention rate after the second session. These models included the fixed
covariate Trial number, and the main factors of Block number (1 to 11; reverse helmert coded) and
Experiment (sum to zero coded). Similarity ratings were modelled to assess the impact of learning
a new linguistic label on categorical perception of colours belonging to the same hue or different
hues. The similarity rating was the dependent variable and was centred. The fixed effects were
Label category, Experiment and Session number. Trial number was defined as a covariate. The
continuous predictor Trial number was centred and scaled to reduce skew and help with model
fit. Experiment and Session number were sum to zero contrast coded. Label was specially coded
to address the comparisons of interest, i.e., A = same label same hue, B = shared root same
hue, C = shared root different hue, D = different label different hue, C* = shared root different
hue different luminance, D* = different label different hue different luminance, E = baseline.
The crucial contrasts to assess our hypotheses concerning within category separation and between
category compression were A versus B and C versus D, respectively. Additional contrasts were
carried out to assess the basic perceptual effects of differences in luminance (C versus C*; D versus
D*) and hue sensitivity (AB versus E). A placeholder contrast was also created (ABE versus
CC*DD*) to ensure model robustness (see Appendix A.3 and Table 2).
Colour pairs

Labels

Label category

Comparison levels

Category

Blue 1 Blue 2
Blue 1 Blue 2

djols djols
djols djoft

same label
shared root

A versus B

Within category

Blue 1 Purple 1
Blue 1 Purple 1

djols djonz
sniks tsalp

shared root
different labels

C versus D

Across category

Blue 1 Purple 1
Blue 1 Purple 2

djols djonz
djols djonz

shared root
shared root

C versus C*

Perceptual check
luminance sensitivity

Blue 1 Purple 1
Blue 1 Purple 2

sniks tsalp
sniks tsalp

different labels
different labels

D versus D*

Percpetual check
luminance sensitivity

Blue 1 Blue 2
Orange 1 Purple 1

-

-

AB versus E

Perceptual check
hue sensitivity

Table 2: Comparison levels used in Experiment 1.

Furthermore, the interactions between the contrasts of interest and Experiment (ETN and HTN)
as well as Session (one and two) were assessed to address our hypotheses related to the lexical
robustness of previous labels and persistent learning versus transient stimulus response mappings.
For all models, a t-value greater than | 1.92 | was taken as a marker of significance.
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2.3. Results
Naming accuracy. Mean naming accuracy is reported in Figure 1, and the statistical models
are summarized in Table 13. We observed no main effect of Experiment (t = -0.589) showing
that ETN participants did not perform better than HTN in the naming out loud task, but a main
effect of session was present (t = 2.004), with an average lower error rate in Session 2 compared
to Session 1. No interaction between Experiment and Block number was found for any of the
experimental blocks, but a main effect of Block number was found for each block. This shows that
1) the performances of ETN and HTN participants were similar over all experimental blocks, and
2) both ETN and HTN participants saw their results gradually improving.

Figure 1: Average error rate over experimental blocks: Experiment 1
Session 1 (1st to 10th ) and Session 2 (11th ) of ETN and HTN.
Error bars represent the mean standard error.

Similarity ratings. Mean similarity ratings are reported in Figures 2, 3 and 4, and the statistical models are summarized in Tables 4, 5 and 6.
Overall model. We found a main effect of Experiment (t = -3.275) as participants rated the colour
pairs as less similar between conditions in ETN compared to HTN experiments. We also found a
main effect of Session number (t = -7.718), with colour pairs rated as being overall more similar
during the second session compared to the first session. More importantly, within category separation was observed (t = -2.463) as participants rated nuances of the same hue that had received the
same label as being more similar than when they had received two labels that only shared a root
(e.g. Blue 1 and Blue 2 being either both djols, or djonz; djoft, respectively). Furthermore, we also
observed between category compression t = -3.786) since participants rated nuances belonging to
different hues as more similar when their associated labels shared a root compared to when they
were entirely different (e.g. Blue 1 and Purple 1 being djonz; djoft and sniks; tsalp respectively).
Those results show that learnt linguistic categorization has a significant impact on perceived similarity among colour pairs (see Figure 2). The results also show an interaction between Experiment
and categories of interest (Within category: t = -2.496 ; Across category: t = -2.281), showing
that colour pairs were rated as more similar overall in HTN than in ETN. Finally, we saw an
interaction between Experiment and Session number (t = -4.185), with colours rated overall as
more similar in the second session compared to the first in HTN than ETN. Given the main effect
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of Experiment and the interaction between Experiment and the two variables of interest (Within
and Across categories), we ran separate models for each experiment. The structure of the separate
models remained the same.

Figure 2: Similarity ratings of ETN and HTN for Experiment 1.
A vs B: within category separation; C vs D: between category compression.
Error bars represent the mean standard error.

ETN. We found a main effect of Within category (t = -3.614) and Across category (t = -4.490),
respectively showing that 1) learning two labels for nuances of a same colour decreased the perceived similarity and 2) learning one label for two colours increased the perceived similarity. We
also found a main effect of Session number (t = -8.883) with participants rating the colour pairs
as being overall more similar during the second session. The results show an interaction between
Within category and Session number (t = -2.146), with participants rating the nuances of a same
colour with two labels significantly more similar in the second session compared to the first session
(see Figure 3).

Figure 3: Similarity ratings over session 1 and 2 for ETN, Experiment 1.
A vs B: within category separation; C vs D: between category compression.
Error bars represent the mean standard error.

The interaction between Across category and Session number was not significant (t = -1.418),
showing that in the case of different colours having the same label, participants rated the colour
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pairs overall similarly between the first and second session. The colour scheme used in the following
graphs is displayed as an example of pairs presented for each category (e.g., the first bar represent
the within category compression, with both nuances of blue - Blue 1 at the bottom, Blue 2 at the
apex - being given the same label (djols).
HTN. We found no main effect of Within category (t = 0.023) and Across category (t = -0.996),
with participants showing respectively no differences in their ratings if the nuances of a same
colour had two labels or if two different colours were given a same label. However, a main effect of
Session number was found (t = -2.387) with participants rating the colour pairs as being overall
more similar during the second session. The interactions between Within category and Session
number, as well as Across category and Session number, were not significant (respectively t = 0.167 and t = -0.305), showing that participants did not rate the colours differently during the
second session compared to the first session (see Figure 4).

Figure 4: Similarity ratings over session 1 and 2 for HTN, Experiment 1.
A vs B: within category separation; C vs D: between category compression.
Error bars represent the mean standard error.

2.4. Discussion
In Experiment 1, participants conducted a learning task followed by a similarity rating task to
assess several aspects related to the impact of linguistic learning on categorical perception. Concretely, we asked whether the robustness of previously existing labels would modulate potential
effects through co-activation and/or through mechanisms of bilingual language control triggered
by such co-activation. Furthermore, we wanted to assess the impact of language learning on two
different phenomena related to categorical perception, namely within category separation (i.e.,
creation of a new categorical boundary) and between category compression (i.e., blurring or elimination of a pre-existing categorical boundary). Finally, we also wanted to assess whether potential
effects would last beyond the experimental session and without any immediately preceding task
involving the colours and the labels. We observed that learning a new label for colours with
a previous robust lexical label (ETN) resulted in both within category separation and between
category compression effects. No such effects were present when learning new labels for colours
without a robust previous label (HTN). The effects observed for the ETN colours were larger on
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the first day in the case of within category separation, but not different across days in the case
of between category compression. Importantly, though, both types of effects were present across
the two sessions. Thus, we show that the impact of language learning on categorical perception is
very pervasive, affecting categorical boundaries in both directions.
Still, with the current experimental design, we could not directly compare the magnitude of the
language induced effects within the same category and across different categories. Descriptively,
it looks as if the effects of within category separation are larger than those of between category
compression, but as the manipulations of these two contrasts were not comparable it is impossible
to say for certain. We will address this comparison of within category separation and between category suppression directly in Experiment 2. We also show that the effect of language on categorical
perception is rather long-lasting and not dependent upon the immediately preceding experience.
This suggests that the phenomenon observed here is related to authentic learning and not only to
transient stimulus response mappings.
Concerning the interaction of the effects with lexical robustness of previous labels, one might wonder whether this may be due to the HTN colours being overall harder to identify than the ETN
colours, thus making them harder to perceive and associate with a label. However, two aspects of
the data can be used to argue against this possibility. First, even though the HTN colour experiment did not show any effect of the newly learnt labels on categorical perception, participants did
show sensitivity to other aspects of perceptual variance such as differences in luminance and differences in hue (see Figure 10 in Appendix). Furthermore, they also replicated another phenomenon
that has been observed in the previous literature of colour similarity ratings, which is that they
rated all items as overall more similar on the second session compared to the first session (e.g.,
reference). Finally, even though learning in the ETN colour experiment was descriptively slightly
better, this difference was not statistically significant. Note though that we had very few observations to assess naming accuracy (one per item and block for each participant), so it is possible
that with more observations we would have observed a difference in naming accuracy between the
experiments. Nevertheless, participants in the HTN experiment attained the same level of learning accuracy as those of the ETN experiment by the end of the learning part of the experiment,
and there was no difference in retention rate across experiments. Hence, insufficient learning or
perception of the HTN labels and colours respectively cannot account for the observed effects.
The results can be accounted for by the hypothesis assuming that the lexico-semantic links of new
labels are strengthened in proportion to the co-activation of previous labels. This would result
in a much larger strengthening in the case of ETN colour labels compared to HTN colour labels.
However, according to this hypothesis, one would expect better learning of the ETN labels as a
consequence of greater strengthening. This hypothesis will be further examined in Experiments 2
and 3 by increasing the number of observations in the testing phase of the naming out loud task,
and by capitalizing on the fact that several ERP components have been related to different aspects
of lexicalization processes, including the strength of lexico-semantic links.
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3. Experiment 2: Second behavioural study
To verify the robustness of the effects of linguistic learning on categorical perception observed in
Experiment 1, we conducted a second experiment. By slightly modifying the experimental design,
the aim of Experiment 2 was to maximize differences in categorical perception driven by linguistic
learning. Contrary to Experiment 1, the Root sharing category was suppressed: e.g., two nuances
of blue would either share a same label (e.g., djols) or have distinct labels (e.g., sniks; tsalp). The
same label manipulation was applied to colour pairs belonging to the same hue (e.g., Blue 1 and
Blue 2) and colour pairs belonging to different hues (e.g., Blue 1 and Purple 1). We predicted
that colours receiving two labels would be rated as perceptually less similar than colours receiving
a same label. Furthermore, thanks to our modified 2×2 design, we were able to directly test
the interaction between Label category and Colour category. This would shed light on whether
the language induced effects were larger on within category separation or on between category
compression.Finally, we also introduced some changes to the naming out loud (NOL) part of the
experiment. First, to be able to reliably compare naming accuracy performance across the ETN
and HTN groups, we increased the number of testing repetitions per block from 1 to 3. Second,
in order to keep the difficulty across Experiments 1 and 2 comparable and given that in this new
experiment the participant only had to learn 4 labels (instead of 8 as in Experiment 1), we reduced
the number of learning repetitions from 5 to 3, and the number of experimental blocks from 10 to 6.

3.1. Material and methods
Participants. 72 participants gave written consent to take part in the experiment (M = 25.43
years; SD = 3.35; [18; 31]; 56 women, 16 men). All participants were native French-speakers
recruited through Aix-Marseille University and were compensated 10 euros via PayPal through
the FindingFive platform. The experiment took an average of 40 minutes to be completed over
one single session. All participants reported no hearing, speech or neurological disorders, and had
normal or corrected-to-normal vision, with no colour perception disorder. Eighteen participants
were rejected due to experiment spamming, leaving a sample of 54 participants for analysis (24
for ETN, 30 for HTN). As in Experiment 1, participants were asked to self-assess their language
proficiency through a preliminary questionnaire (see further details in Table 15).
Experimental design. The experiment involved a 2×2 design with one independent variable
being the label category (two levels: one label, two labels) and the other independent variable
being the colour category (two levels: across, within). As in Experiment 1, the robustness of
previous linguistic labels was manipulated between participants by using easy to name (ETN) and
hard to name (HTN) colours, respectively. The dependent variables were naming accuracy (for
the learning phase) and the similarity ratings.
Stimuli.
The same 16 colour stimuli were used as in Experiment 1, but the label set was
different. Only four labels were used, three from the Experiment 1 (sniks, djols, tsalp) plus a new
one (flurn). The newly added label was tested using the same procedure as in Experiment 1.
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3.2. Instrumentation and measures
The same instrumentation was used as in Experiment 1.
Procedures. Participants began the experiment with a label-colour association (naming out
loud task), followed by a similarity rating task.
Naming out loud task. Each participant completed six blocks of the naming out loud task. The
order of stimuli within the blocks was randomized across and within participants. The naming out
loud task was divided into a learning phase and a testing phase. In the learning phase, the eight
label-colour associations were randomly presented three times each, and displayed at the centre
of the screen. For each colour, the label colour association was presented for 1000 ms, followed
by the colour chip for 1500 ms, during which the participant was instructed to name out loud
the label associated with the colour displayed. A blank inter-trial interval of 700 ms intervened
between each trial. At the end of each learning phase, a testing phase was presented, in which all
eight colour chips were displayed three times each for 3000 ms, during which the participant was
instructed to name out loud the label associated with the colour displayed. This task took a total
of 22 minutes.
Similarity rating task. The similarity rating procedure was the same as in Experiment 1.
Statistical analysis. The goal of the current study was to 1) replicate the findings of Experiment
1 and 2) create a reduced 2×2 design to directly address the interaction between Label and
Colour categories. To do so, the data was analysed using the lme4 package in R version 3.2.2 (R
Development Core Team, R Core Team 2020). Naming accuracy was analysed using generalized
linear mixed models with a binomial link function. Similarity ratings were analysed with linear
mixed models. In all models, Participants and Items were included as crossed random effects
(i.e., intercept estimates). Naming accuracy and similarity ratings were fitted in separate models.
Label was specially coded to address the comparisons of interest, i.e., A = same label same hue,
B = different label same hue, C = same label different hue, D = different label different hue. The
crucial contrasts to assess our hypotheses are the main effects of colour category (A-B vs C-D)
label category (A-C vs B-D), as well as their interaction. See Table 3 for comparison levels. Within
category separation and between category compression were assessed through post-hoc tests (see
section 3.3 below).
Colour pairs

Labels

Label category

Comparison levels

Category

Blue 1 Blue 2
Blue 1 Blue 2

djols djols
sniks tsalp

same label
different labels

A versus B

Within category

Blue 1 Purple 1
Blue 1 Purple 1

djols djols
sniks tsalp

same label
different labels

C versus D

Across category

Blue 1 Blue 2
Blue 1 Purple 1

-

-

AB versus CD

Colour category

Blue 1 Blue 1
Purple 1 Purple 1

-

-

AC versus BD

Label category

Table 3: Comparison levels used in Experiment 2.
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The interactions between the contrasts of interest and Experiment (ETN and HTN) were assessed
to address our hypotheses related to the lexical robustness of previous labels and persistent learning
versus transient stimulus response mappings. For all models, a t-value greater than | 1.92 | was
taken as a marker of significance.

3.3. Results
Naming accuracy. Mean naming accuracy is reported in Figure 5 and the full results in Table
14. The results show a main effect of Experiment (t = -2.534), with ETN participants performing
overall better than HTN participants. No interaction between Block number and Experiment was
found, but a main effect of Block number was present for each of the six experimental blocks,
showing that participants in both experiments saw their performance gradually improving.

Figure 5: Average error rate over experimental blocks (1st to 6th ) of ETN and HTN for Experiment 2.
Error bars represent the mean standard error.

Similarity ratings. Mean similarity ratings are reported in Figure 6, and the statistical models
are summarized in Tables 7, 8 and 9.
Overall model. We found a main effect of Label category (t = 3.346) as participants rated the
colour pairs which were given one label as more similar than colour pairs with two labels. We
also found a main effect of Colour category (t = -3.140), with participants rating the nuances of a
same colour as more similar than colours belonging to distinct categories. We found no main effect
of Experiment (t = -1.597), showing that overall, no significant differences in the ratings were
observable between ETN and HTN sub-experiments. The results also show an interaction between
1) Experiment and Label category (t = 3.156) and 2) Experiment and Colour category (t = -3.236),
showing respectively that the ratings of colours categories and label categories differed between
ETN and HTN (see below for additional models). Finally, we found an interaction between Label
category and Colour category (t = 2.139), showing that nuances of a same colour being given a
single label were rated as more similar than two colours being given two different labels. Given
the interaction between Experiment and the two variables of interest (colour and label categories),
we decided to run separate models for each experiment.
ETN. We found a main effect of Label category (t = 3.784) and Colour category (t = -5.226),
respectively showing that 1) learning two labels decreased the perceived similarity between colours
compared to learning a single label, and 2) colours belonging to distinct categories were rated as
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more dissimilar than nuances of a same colour (e.g., Blue 1 and Purple 1 compared to Blue 1 and
Blue 2). We saw an interaction between Label and Colour categories (t = -1.9287) showing that
the ratings between colour pairs belonging to the same hue (e.g., Blue 1 and Blue 2) were overall
more similar than the ratings of colours of different categories (e.g., Blue 1 and Purple 1), in the
case of the colours having one or two labels.
HTN. We found no main effect of Label category (t = 0.3628) or Colour category (t = -0.087), as
well as no interaction between colour and label categories (t = 1.055), showing that nuances were
not rated differently whether they were given the same or different labels, and two colours were
not rated differently depending on whether they received the same or different labels.

Figure 6: Similarity ratings of ETN and HTN for Experiment 2.
AC vs BD: label category; AB vs CD: colour category. AB-CD vs AC-BD: interaction between label and colour
categories. Error bars represent the mean standard error.

Post-hoc tests. Given the ETN experiment results, post-hoc tests assessing the Within and Across
categories effect were conducted. Mean similarity ratings are reported in Figure 7.

Figure 7: Similarity ratings of ETN for Experiment 2, post-hoc tests.
A vs B: within category separation; C vs D: between category compression.
Error bars represent the mean standard error.
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We found no effect of Within category (t = 1.361), showing that nuances of the same colour being
given one label (djols) were rated similarly to nuances with two labels (sniks; tsalp). However,
an effect of Across category was found (t = 4.387), showing that colours belonging to distinct
categories having the same label (djols) were rated overall more similar than colours with different
labels (sniks; tsalp). Comparison levels are displayed in Table 10, model outputs are given in
Tables 11 and 12 of Appendix.

3.4. Discussion
In Experiment 2, we again found that the linguistic similarity (i.e., same or different label) with
which two colours were named had an impact on categorical perception: participants rated colour
pairs as being more similar if they were given the same label compared to two different labels. As
in Experiment 1, this effect was only present for the colours with a previous robust label (ETN).
Though this result is remarkable, it remains silent about whether these effects reflect a modulation of pre-attentive perception or rather that later decision-making processes are affected by the
inner rehearsal of newly learnt labels. Furthermore, though the perceptual checks of Experiment
1 also showed that participants perceive differences of hue and luminance in HTN, Experiment 2
also shows that they do not differentiate between nuances of the same hue and nuances of different
(though similar) hues. Thus, having a more fine-grained measure of pre-attentive perception might
be useful to shed light on the extent to which the absence of language effects in the HTN colours
was due to the lack of fine-grained perception or preattentive differences. Both of these issues will
be addressed in Experiment 3 by examining an ERP component of preattentive visual perception.
Interestingly, the label manipulation interacted with the colour category manipulation. A follow-up
analysis showed that the label effect on categorical perception was present in the Across condition,
where the colours belonged to different categories (e.g., blue and purple), but not in the Within
condition, where the colours belonged to the same category (e.g., light blue and dark blue). Though
it is possible that the Within category effect would be significant with more participants (we lost
18 participants due to spamming), the fact that the label effect was of a larger magnitude in the
Across condition suggests that language induced effects on categorical perception are stronger in
blurring prior category boundaries (between category compression) than in establishing new ones
(within category separation).
Finally, though participants of both the ETN and HTN groups showed significant learning throughout the naming out loud session, participants were significantly more accurate for the ETN compared to the HTN along all experimental blocks. Just as with the larger effect of the label manipulation in the ETN group, this shows that the previous native label attached to the colour did
not hinder the learning of new labels. This lends further support to the hypothesis that during
vocabulary learning, the lexico-semantic links of new words are strengthened in proportion to the
co-activation of previous words attached to the object being named. In Experiment 3 we will
investigate this further by examining potential modulations of ERP components that have been
shown to be sensitive to the strength of lexico-semantic links (P2, e.g., Strijkers et al., 2010) and
to lexicalization during learning (N400, e.g., Bakker).
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4. Experiment 3: EEG study
Although the two first experiments clearly show that the similarity of linguistic labels affects how
similar the objects that the labels refer to are rated, they leave a grey area on the underlying mechanisms of such perceptual shifts. Concretely, the results cannot determine whether the effects arise
at an early pre-attentive perceptual level or a later linguistic level, which is more influenced by
attentional processes. Thus, the primary aim of the EEG study is to answer whether the effects are
due to learning-induced differences in pre-attentive perception or to covert rehearsal of the newly
learnt labels affecting categorical perception. In order to investigate this question, this EEG study
contains two tasks: the naming out loud task used in Experiments 1 and 2, and an oddball task
similar to the one used by Thierry et al. (2009). As explained in the Introduction, Thierry and
colleagues tested native Greek and native English speakers in an oddball task, where participants
responded to a target stimulus (a square) when presented in a stream of circles. Squares and
circles were presented in four colours: light blue or dark blue, and in separate blocks, light green
or dark green. Importantly, in Greek, there are two distinct linguistic labels for blue (roughly
equating to ’light blue’ and ’dark blue’) in comparison to English, whereas in both Greek and
English there is one linguistic label for ’green’. Thierry and colleagues investigated whether the
vMMN, which is widely seen as a marker of preattentive change in perception, was greater in the
Greek speakers than the English speakers in blocks where the colour blue was manipulated. They
found that Greek speakers had larger vMMM deflections between light blue and dark blue, compared to English speakers, whereas the Greek and English speakers had similar vMMN deflections
for the colour green. This finding demonstrates that the vMMN is a sensitive EEG component
to detect linguistic-related differences in pre-attentive perception. In the current EEG study, we
will investigate whether we will find vMMN modulations in the oddball task relating to whether
two nuances of the same colour received the same label in the learning phase (e.g., djols for light
blue and dark blue), versus whether two nuances of the same colour received different labels in the
learning phase (e.g., sniks for light orange and tsalp for dark orange).
A second question arising from Experiments 1 and 2 is whether a difference in the extent of lexicalization might account for the fact that only easy to name colours showed the language induced
effects on similarity ratings. Differences in lexicalization would arise as a consequence of a differential lexico-semantic strengthening induced by the co-activated previously existing labels. The
more robust lexical labels for the easy to name colours are expected to become more co-active
than the less robust hard to name colour labels. This co-activation is thought to lead target items
(in our case the new labels that are being learned) to undergo a proportional strengthening of the
lexico-semantic links to facilitate language production (i.e., error-based learning, e.g., Runnqvist,
Strijkers and Costa 2019). Hence, this strengthening would be stronger for the ETN colours, leading to a more robust lexicalization. In order to investigate lexicalization of the newly-learnt colour
labels, we will focus on two well-known ERP components which are sensitive to lexical properties:
the P2 and the N400. In previous work, such as Strijkers, Costa and Thierry (2010), participants
named pictures aloud, and modulations of the P2 were found relating to the lexical frequency
of the picture names. Specifically, low frequency words were more positive than high frequency
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words, and this difference emerged in the P2 time window (see also Fairs et al. (2021) for similar
findings). In another study, Costa et al. (2009) found that naming items of the same semantic
category resulted in increasingly positive P2 modulations. Such cumulative semantic interference
effects are thought to arise as a consequence of error-based learning during word production (e.g.,
Oppenheim, Dell and Schwartz 2010; Runnqvist, Strijkers and Costa 2019). Specifically, such
learning is thought to operate by adjusting the strength of the lexico-semantic links of an item
that was just named in order to facilitate future production. This explains why it is easier to access
an item that was just recently named (i.e., repetition priming), but also why it is more difficult
to access related items when the lexico-semantic links of their competitors were just strengthened
(i.e., semantic competitor interference). Taken together, these studies show that the P2 is sensitive
to the ease of lexical access of to-be-produced words. The second ERP component, the N400, is
very well-established as a marker of lexicalization. One study which demonstrated a reduction in
the N400 of newly-learnt words after a period of consolidation is by Bakker et al. (2015). Bakker
and colleagues trained participants on new terms for definitions, such as the word camia for ’blue
cat’. Their participants were tested the following day with a lexical decision task (including primes)
which included existing real words, the newly-learnt words from the previous day, and newly-learnt
words from the same day of testing, while their EEG was recorded. Bakker and colleagues found
that the newly-learnt words from the previous day had a similar N400 effect pattern as existing
words, when related primes preceded these words compared to unrelated. However, the N400
effect was smaller for newly-learnt words on the day of testing. This suggests that the N400 is
an excellent marker to test for consolidation effects. In this study, we will test for P2 and N400
effects both within session (by contrasting the first half and second half of the testing sessions)
and across sessions (as participants will be tested on two consecutive days). Importantly, the main
contrast of interest is between the easy to name and hard to name colours, as this will allow us to
shed light on the relationship between lexicalization and language-induced effects on perception.
In an ongoing EEG experiment, we are addressing the two open questions described above concerning 1) the potentially pre-attentive nature of the language induced effects on similarity ratings,
and 2) the relationship between the degree of lexicalization of the newly learnt labels and the
language-induced effects on the similarity ratings. The procedure used in Experiment 2, namely a
naming out loud task and a similarity rating task, is complemented by a visual oddball task. For
the visual oddball task, we used a setup introduced by Clifford et al. (2010) in which the experimental manipulation of interest (i.e., standards and deviants of different nuances) are presented
in the periphery and are not relevant for the task that participants carry out. Participants are instructed to pay attention to the centre of the screen and to respond to a centrally presented target
within a stream of distractors. This setup has the advantage of further dissociating the attentional
components from potential vMMN modulations related to the colour nuances. To explore our two
questions of interest, we will examine three ERP components: the P2 and N400 during the naming
out loud task, and the vMMN in the oddball task. In addition to the previous assumptions made
about categorical perception, we predict that 1) if the language-induced effects on perception are
pre-attentive, a greater mismatch negativity will be observed in the condition where the colours

20

received two different labels compared to only one label and 2) if the degree of lexicalization of
the newly learnt labels is behind the categorical perception effects, the P2 and the N400 should
show word-like modulations (e.g., decrease in positivity and negativity respectively for the second
compared to the first half of the two sessions, and possibly an interaction with session in the sense
of a progressive increase in the aforementioned effects) for the easy to name colours but not (or
only later) for the hard to name colours.

4.1. Material and methods
One French-native speaker was tested as a pilot participant to ensure design and procedure quality.
The experiment took four hours to be completed, spread over two sessions (around 2 hours including
breaks, with approximately 50 minutes of setup for each session and 1 hour of testing). The
experiment involved a 2×2 design with one independent variable being the label category (two
levels: one label, two labels) and the other independent variable being the colour category (two
levels: across, within). The dependent variables are the similarity ratings, the reaction time of
the similarity rating task, the average error rate over the experimental blocks, and the EEG/ERP
analysis (here, we only plot EEG results). For the Naming out loud task, the same 16 colour
stimuli were used as in Experiment 1 and 2, as well as the 4 pseudowords of Experiment 2. For
the Similarity rating task, the same 56 colour pairs were used as in Experiment 1 and 2. For the
Oddball task, 8 slides of 4 colour squares were adapted from an ongoing project from Guillaume
Thierry (personal communication; see Appendix section C.3 for a schematic representation of the
procedure).

4.2. Instrumentation and measures
The experiment was built and displayed using E-Prime software (version 2.0.10.242) on a calibrated
CRT monitor (Dell E2009Wt, 20 inches) placed at eye level of the participant. The experiment was
conducted in a sound isolated chamber with dim lighting and no other sources of electromagnetic
interference. The pilot participant was assigned to a single experimental condition for counterbalancing. He was seated in a comfortable armchair at an approximate distance of 85 cm from the
screen presenting the task. A keyboard was placed at arm’s distance on the table to allow clicking
on the button responses 1 to 6 and the space bar.
Tasks. For the naming out loud task, the participant was familiarized with the stimuli before
the experiment began through a practice trial. The participant was able to take a short break
(approximately 5 min) mid-experiment. Experiment instructions were written in Calibri font size
30 and presented in black on a neutral grey background with RGB values of [178, 178, 178], and
the text was centred in the middle of the screen. The naming out loud task trials began with
picture and label presentation (1000ms), followed by a picture presentation (1500ms) and ended
with a blank screen of randomized latency (between 700 and 800 ms). The similarity rating trials
began with colour pair presentation, with a latency dependent on a button press. A blank grey
screen of 200ms was interleaved between each picture presentation. The visual oddball paradigm
was composed of four blocks, each block presenting 540 stimuli. Blocks 1 and 2 presented blue 1
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and blue 2, and blocks 3 and 4 presented orange 1 and orange 2. Participants were instructed
to detect central circles (target) among central crosses (distractor) by pressing the space bar of a
keyboard. In each block, 70% of the trials were composed of a standard distractor stimulus (e.g.,
blue 1 with a central cross), and the remaining 30% were composed of rare stimuli: 10% were a
luminance deviant distractor (e.g., Blue 2 with a central cross), 10% were a standard target (Blue
1 with a central circle) and 10% were a deviant target (Blue 2 with a central circle). Two deviants
or targets never appeared successively, and at least three standards appeared in a row between
two rare stimuli. Each trial began with a fixation dot (300 ms), followed by a short blank screen
(random presentation varying between 0 and 100ms). The target/distractor presentation followed
the short blank screen (random presentation varying between 200 and 300 ms), and the trial ended
with a blank grey screen (700 ms). Tasks were similar over sessions, but the task order was inverted
between session 1 and 2. In session 1, the task order was the following: the participant started
with the naming out loud task, followed by the similarity rating task. After a short break, he
performed the oddball task. In session 2, the participant started with the oddball task, followed
by the similarity rating task. After a short break, he finished the session with the naming out loud
task.
EEG acquisition. EEG was recorded with a Biosemi 64-electrode international reference cap
with standard 10/20 positioning. Four additional reference electrodes were added to account for
eye movements (one above and one below the left eye for vertical eye movements and two on the
outer canthi for horizontal eye movements), and two electrodes were placed on the left and right
mastoids for offline re-referencing. Electrode impedances were kept below 20 kΩ. The EEG signal
was continuously sampled at 2048 Hz with an online bandpass filter of 0.1Hz – 40Hz by a Biosemi
ActiveTwo amplifier.
Data preprocessing. Speech productions were automatically recorded in E-Prime using Estudio. Recordings were manually checked and rejected with the same criteria as Experiments 1
and 2. EEG data was preprocessed with the toolbox FieldTrip (Oostenveld et al. 2011; version
20210713) in Matlab (version R2018b). The raw EEG signal was first filtered with a high pass filter
of 0.1Hz and low pass of 40Hz, re-referenced to the average of the mastoid electrodes and epoched
from -100ms to 650 ms (0ms being the stimulus onset; speech onset was 854 ms on average, hence
the epochs were not contaminated by motor artefacts). Electrodes were individually inspected,
and bad electrodes were interpolated using a weighted neighbourhood method. Trials with signal
exceeding 150 µV were rejected, as well as trials containing a behavioural error. Eye movement
artefacts were rejected using the fastica ICA procedure, where ICA components were inspected
topographically and sequentially before rejection. The trials were then visually inspected to control for noise, then noisy trials removed. Finally, data were baselined using the baseline period
-100 to 0ms.
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4.3. Planned ERP analyses
The study is still ongoing and a final set of 40 participants will be collected before running a proper
analysis. For all analyses, linear mixed effects models will be conducted. For the P2 component,
the EEG signal in the naming out loud task will be averaged per electrode between 150 and 250ms
(Strijkers, Costa and Thierry 2010). For the N400, the EEG signal in the naming out loud task
will be averaged between 300 and 500ms (Bakker et al. 2015). For the vMMN, the EEG signal
in the oddball task will be averaged between 100 and 250ms (Thierry et al. 2009). Particular
focus for analyses will be on parieto-occipital electrodes for the P2, centro-parietal for the N400,
and parieto-occipital for the vMMN. The models investigating the P2 and N400 will contain the
factors Session (one vs two), Chunk (first half of a session vs second half of a session) and Colour
category (ETN vs HTN). The model investigating the vMMN will contain the factors Deviancy
(standard vs deviant luminance), Label category (one vs two labels), Session (one vs two) and
Colour category (ETN vs HTN).
In Figure 8 we present plots of the pilot participant with coloured areas demonstrating the time
windows of hypothesized effects during the naming out loud task for sessions 1 & 2 (blue window
for P2; purple window for N400). In Figure 9 we present the plots of the oddball task for sessions
1 and 2. Note, with only one participant we do not aim to discuss any results but provide these
figures to aid in understanding the design and analysis plan.

Figure 8: ETN Naming out loud testing phase, session 1 & 2: chunk 1 versus chunk 2.
Topographic contrasts of chunk 2 minus chunk 1 in P2 (150-250ms) and N400 (300-500ms) time-windows.

Figure 9: ETN Oddball, session 1 & 2. Waveforms of Blue and orange (deviants, standards) Orange nuances
recieved two labels and blue nuances received one label during the learning phase.
Topographic contrasts of deviant minus standard of Blue and Orange in vMMN time-window (162-232ms).
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5. General Discussion
The aim of this study was to increase our understanding of the nature and the boundaries of effects
on the categorical perception of colours induced by a short language learning experience. In two
experiments, participants learned new labels for two nuances of four hues. Across participants,
we manipulated whether the colours had a previous robust label (ETN colours) or not (HTN
colours). The linguistic similarity of labels for different nuances and hues was manipulated within
participants. Upon completion of learning, participants rated the similarity of the colours they just
learned to label presented in pairs. In Experiment 1, this similarity rating was repeated after 24
hours. In a nutshell, we found that colours that had a previous robust label were persistently rated
as more similar if they had similar new labels. In what follows, we will discuss how our results
contributed to refine our knowledge of second language learning and reorganization of perceptual
categories.
A first contribution of this study relates to the question of whether effects on categorical perception
would be observed when learning a new label for an object that already has a label in the native
language. Our results showed that learning new labels for colours with a robust previous lexical
label (ETN colours) had a consistent impact on categorical perception, while no such effect was
observed for colours with a less robust previous lexical label (HTN colours). In the introduction, we
had put forward three hypotheses resulting from properties inherent to the dynamics of (bilingual)
language production. In fact, whenever a speaker wants to verbalize a concept, related concepts
and their corresponding words also become active through spreading activation (e.g., Roelofs 1992).
Such spreading activation is thought to be especially challenging in the case of bilingual speakers
or language learners for whom the words of the native language are much more readily accessible
and are thought to become co-activated even in contexts in which only the other language is
used. As discussed in the Introduction, there are potentially three ways in which speakers might
deal with the co-activation of previous words when learning a new language. The first is by
inhibiting the co-active non-target words in proportion to their activation (e.g., Green 1998 for an
inhibitory model of bilingual language control; but see also Oppenheim, Dell and Schwartz 2010
for a monolingual model with weakening of the lexico-semantic links of semantic competitors).
This explanation, if anything, leads to the prediction that words with strong competitors requiring
much inhibition would be harder to learn and potentially lead to smaller language-induced effects
on categorical perception. The second possibility is that speakers rely on the previous labels in
order to learn the new ones through translation, as proposed by the revised hierarchical model
(e.g., Kroll and Stewart 1994). However, in our case this strategy would likely not have been very
effective because there was only a correspondence between the organization of the semantic space
of participants’ native language and the new vocabulary for half of the items. Furthermore, as this
account involves keeping the previous lexico-semantic mappings active, presumably the impact of
new lexico-semantic mappings on categorical perception would likely be reduced or even absent. A
third possibility and the only one that can account for our findings is that the lexico-semantic links
of the new lexical items are strengthened in proportion to the co-activation of previous lexical items
(e.g., Oppenheim Dell, 2010; Runnqvist, Strijkers and Costa 2019). This suggests that learning a
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second language and learning a language for the first time may rely on rather different mechanisms.
It will be interesting to further examine differences in learning and interactions with categorical
perception as a function of the robustness of previous labels in future research to assess whether
with more practice the effects would be similar.
A second contribution of this study relates to the question of whether the effects of learning a new
language on categorical perception extend to within category separation and between category
compression. Overall, in the ETN experiments we found that colours that have been given two
labels were rated significantly more dissimilar than the colours being given one label, both for
nuances of a same colour and colours belonging to distinct categories. Interestingly, we were
able to show that, everything else being equal, the effect of language on blurring categorical
boundaries (between category compression) is larger than the effect of creating a new boundary
within a category (within category separation). This is robust evidence that categorical perception
is affected by language, as the between category compression dissociates perceptual similarity and
linguistic similarity.
A third contribution of this study relates to the question of whether language-induced effects
on categorical perception obtained in the context of a single experimental session reflect actual
persistent lexical learning and reorganization of perceptual categories or only a transient stimulus
response association. The fact that the language learning impact on similarity ratings was still
present after 24 hours and without any immediately preceding naming of the newly learnt labels
indicate that the effects observed here go beyond any form of transient priming and rather had a
persistent impact on the organization of the perceptual categories themselves. Given that these
effects were obtained after a very short learning session (roughly half an hour) the most striking
conclusion is that our perception of reality is permanently under construction and very easily
influenced by external and arbitrary associations.
Before concluding, some limitations should be noted. First, running online experiments on behavioural tasks, even though proven to be statistically valid (see Fairs and Strijkers 2021 on speech
production), can induce some issues: Experiment 2 was spammed by 18 participants, thus making
a significant number of datasets impossible to analyse. Second, and relatedly, online experiments
induce more variability in stimulus display, as the colours may have differed across the computer
screens. Yet, even though frequently pointed out as being unsound because they are conducted
with non calibrated screens, studies like the one conducted by Paramei, Griber and Mylonas (2018)
on colour naming have shown that online setups are comparable to offline experiments in terms of
data quality. Third, it is possible that the absence of effects in the HTN sub-experiment was due
in part to the increased difficulty to discriminate the colours and thus successfully associate a label
to them. Little research has been conducted on HTN colour perception so far, leaving unclear the
implications of purely perceptual constraints on lexical categorization: often being muted tones,
it is likely that HTN colours do not possess a robust label because they are harder to consistently
name due to their lack of striking features. Consistent with this hypothesis, previous work by
Tan et al. (2008) on perceptual decision-making has showed that HTN colours are more difficult
to map over labels. However, in our study, participants of both Experiment 1 and Experiment 2
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achieved rather high naming accuracy for the HTN colours. Moreover, the perceptual checks of
Experiment 1 seemed to preclude the possibility of perceptual discrimination difficulties to some
extent as they showed that participants did perceive within-hue differences of luminance (light and
dark grey-blue) and differences between hues that were far apart on the colour wheel (i.e., greyblue and dust-gold). Still, only in Experiment 1 but not in Experiment 2 did they differentiate
between closely related hues (i.e., grey-blue and lilac being perceived as less similar than light and
dark grey-blue), suggesting that at least under certain circumstances these hues were less distinctly
perceived to begin with. One possibility is of course that this is a type of language-induced effect
on perception: in Experiment 2 (and not in Experiment 1), half of the closely related hues received
the same label just as half of the nuances of the same hue, hence favouring similarity ratings to
be comparable for these items. It is possible that this context favoured the observed similarity
confusion. Further experimentation testing similarity ratings between pairs of colours prior to a
linguistic learning phase would potentially help to remove ambiguity on perceptual and linguistic
interferences. In addition, the results of the ongoing EEG study will be informative regarding
pre-attentive perception sensitivity. In any event, the high naming accuracy is difficult to reconcile with perceptual difficulties, as is the fact that in Experiment 1 participants did rate nuances
as more similar than close hues. Fourth, it is still to be discovered if the effects observed here
can be extended to other aspects of human perception. Further research could focus on different
stimuli, such as abstract concepts (e.g. space and time) or new semantic categories (e.g. inducing
a perceptual shift in semantic categorization of insects and four-legged mammals). Another line
of research could address perceptual categories such as voice perception or, following the work of
Yu et al. (2017), address the pre-attentive cues to face categorization.
In conclusion, the current study helped to gain insight on several aspects related to the reorganization of perceptual categories induced by language learning. Persistent and unambiguously
language-induced effects on categorical perception of colours were obtained after a short learning
session, but only for colours that had a previous robust label. These findings highlight 1) a key
role of spreading activation and lexico-semantic strengthening induced by competition as a motor
of second language learning, and 2) an impressive malleability of the human, perception-based
interpretation of the world.
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Appendix
A. Additional results
A.1. Similarity ratings models
Predictors

Estimates

Std err

CI

t-value

p

Intercept
Trial number

0.9948
-0.0060

0.0854
0.0198

0.8275 – 1.1622
-0.0448 – 0.0328

11.6545
-0.3040

<0.001
0.761

Exp.

-0.2797

0.0854

-0.4471 – -0.1123

-3.2750

0.001

Session
Within category

-0.1189
-0.1597

0.0154
0.0648

-0.1491 – -0.0887
-0.2868 – -0.0326

-7.7182
-2.4633

<0.001
0.014

Across category

-0.3328

0.0879

-0.5051 – -0.1605

-3.7863

<0.001

Percep. check lum. sensitivity
Percep. check lum. sensitivity

-0.7164
-0.6071

0.1117
0.1131

-0.9353 – -0.4975
-0.8287 – -0.3855

-6.4142
-5.3693

<0.001
<0.001

Percep. check hue sensitivity

4.3536

0.1197

4.1189 – 4.5883

36.3573

<0.001

Placeholder contrast

-0.8563

0.2658

-1.3773 – -0.3354

-3.2217

0.001

Exp.*Within category

-0.1619

0.0648

-0.2890 – -0.0348

-2.4963

0.013

Exp.*Across category
Exp.*Percep. check lum. sensitivity

-0.2005
0.1971

0.0879
0.1117

-0.3728 – -0.0282
-0.0218 – 0.4160

-2.2810
1.7649

0.023
0.078

Exp.* Percep. check lum. sensitivity

0.1655

0.1131

-0.0561 – 0.3872

1.4639

0.143

Exp.*Percep. check hue sensitivity
Exp.*Placeholder contrast

0.3889
-1.9923

0.1197
0.2658

0.1542 – 0.6236
-2.5133 – -1.4714

3.2476
-7.4956

0.001
<0.001

Session*Within category

-0.1005

0.0629

-0.2237 – 0.0228

-1.5982

0.110

Session*Across category
Session* Percep. check lum. sensitivity

-0.1001
0.0416

0.0861
0.0611

-0.2689 – 0.0687
-0.0782 – 0.1613

-1.1625
0.6803

0.245
0.496

Session* Percep. check lum. sensitivity

-0.0123

0.0607

-0.1313 – 0.1066

-0.2030

0.839

Session* Percep. check hue sensitivity
Session*Placeholder contrast

0.0694
-0.0788

0.0469
0.1045

-0.1614 – 0.0226
-0.2835 – 0.1260

-1.4790
-0.7542

0.139
0.451

Exp*Session

-0.0645

0.0154

-0.0947 – -0.0343

-4.1848

<0.001

Within category*Exp.*Session

-0.0854

0.0629

-0.2086 – 0.0379

-1.3577

0.175

Across category*Exp.*Session

-0.0609

0.0861

-0.2297 – 0.1079

-0.7074

0.479

Percep. check lum. sensitivity*Exp.*Session
Percep. check lum. sensitivity*Exp.*Session

0.0559
-0.0125

0.0611
0.0607

-0.0639 – 0.1757
-0.1315 – 0.1064

0.9152
-0.2066

0.360
0.836

Placeholder contrast*Exp.*Session

-0.2431

0.1045

-0.4479 – -0.0383

-2.3270

0.020

Percep. check hue sensitivity*Exp.*Session

-0.0334

0.0469

-0.1253 – 0.0586

-0.7110

0.477

Random Effects
Residual variance
Intercept Stimuli Presentedf

0.9140
0.0809

Intercept Participant Numberf

0.3793

ICC
N
Participant Numberf

0.3349
66

N

Stimuli Presentedf

Observations
Marginal R2 / Conditional R2

105
6582
0.548 / 0.700

Table 4: Overall model of similarity ratings: Experiment 1.
The R formula is the following:
Model = lmer(Ratingc ∼ T rialN umber+Labelf ∗Experimentf ∗SessionN umberf +(1|P articipantN umberf )+(1|StimuliP resentedf ).
Rating refers to similarity ratings; Trial Number accounts for the order of the stimuli displayed; Label refers to the label category;
Experiment refers to ETN and HTN; Session Number defines the day of testing; Participant Number accounts for inter and intra
participant variability; Stimuli Presented refers to the colour pair displayed.
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Predictors

Estimates

Std err

CI

t-value

p

Intercept
Trial number
Session
Within category
Across category
Percep. check lum. sensitivity
Percep. check lum. sensitivity
Percep. check hue sensitivity
Placeholder contrast
Session*Within category
Session*Across category
Session* Percep. check lum. sensitivity
Session* Percep. check lum. sensitivity
Session* Percep. check lum. sensitivity
Session*Placeholder contrast

0.7151
-0.0017
-0.1835
-0.3276
-0.5300
-0.4920
-0.4076
4.7425
-2.8519
-0.1856
-0.1614
0.0974
-0.0253
-0.1030
-0.3221

0.1027
0.0274
0.0207
0.0907
0.1180
0.1252
0.1285
0.1380
0.3004
0.0865
0.1138
0.0806
0.0804
0.0647
0.1409

0.5138 – 0.9165
-0.0555 – 0.0521
-0.2240 – -0.1431
-0.5053 – -0.1500
-0.7613 – -0.2986
-0.7374 – -0.2465
-0.6595 – -0.1557
4.4721 – 5.0130
-3.4407 – -2.2630
-0.3551 – -0.0161
-0.3846 – 0.0617
-0.0606 – 0.2553
-0.1828 – 0.1322
-0.2298 – 0.0238
-0.5983 – -0.0458

6.9610
-0.0626
-8.8834
-3.6142
-4.4898
-3.9288
-3.1713
34.3727
-9.4924
-2.1462
-1.4182
1.2083
-0.3149
-1.5926
-2.2850

<0.001
0.950
<0.001
<0.001
<0.001
<0.001
0.002
<0.001
<0.001
0.032
0.156
0.227
0.753
0.111
0.022

Random Effects
Residual variance
Intercept Stimuli Presentedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Stimuli Presentedf
Observations
Marginal R2 / Conditional R2

0.8242
0.0460
0.2923
0.2910
34
49
3163
0.579 / 0.702

Table 5: ETN model of similarity ratings: Experiment 1.

Predictors

Estimates

Std err

CI

t-value

p

Intercept
Trial number
Session
Within category
Across category
Percep. check lum. sensitivity
Percep. check lum. sensitivity
Percep. check hue sensitivity
Placeholder contrast
Session*Within category
Session*Across category
Session* Percep. check lum. sensitivity
Session* Percep. check lum. sensitivity
Session* Percep. check hue sensitivity
Session*Placeholder contrast

1.2743
-0.0028
-0.0544
0.0021
-0.1288
-0.9133
-0.7733
3.9645
1.1364
-0.0151
-0.0395
-0.0147
0.0000
-0.0359
0.1643

0.1370
0.0277
0.0228
0.0912
0.1294
0.1909
0.1905
0.1888
0.4281
0.0906
0.1292
0.0919
0.0909
0.0674
0.1536

1.0058 – 1.5427
-0.0572 – 0.0516
-0.0990 – -0.0097
-0.1767 – 0.1810
-0.3824 – 0.1248
-1.2875 – -0.5391
-1.1466 – -0.4000
3.5944 – 4.3346
0.2974 – 1.9754
-0.1927 – 0.1625
-0.2927 – 0.2137
-0.1948 – 0.1654
-0.1781 – 0.1781
-0.1681 – 0.0963
-0.1367 – 0.4654

9.3032
-0.1013
-2.3869
0.0234
-0.9955
-4.7833
-4.0599
20.9946
2.6548
-0.1670
-0.3057
-0.1597
0.0004
-0.5321
1.0698

<0.001
0.919
0.017
0.981
0.319
<0.001
<0.001
<0.001
0.008
0.867
0.760
0.873
1.000
0.595
0.285

Random Effects
Residual variance
Intercept Stimuli Presentedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Stimuli Presentedf
Observations
Marginal R2 / Conditional R2

0.9971
0.1120
0.4714
0.3691
32
56
3419
0.514 / 0.693

Table 6: HTN model of similarity ratings: Experiment 1.
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Predictors

Estimates

Std err

CI

t-value

p

Intercept
Trial number
Exp.
Label category
Colour category
Exp.*Label category
Exp.*Colour category
Label category*Colour category

-0.0179
-0.0090
-0.2723
0.1506
-0.2825
0.1420
-0.2911
0.0962

0.1705
0.0431
0.1705
0.0450
0.0900
0.0450
0.0899
0.0450

-0.3520 – 0.3163
-0.0935 – 0.0755
-0.6064 – 0.0618
0.0624 – 0.2388
-0.4588 – -0.1061
0.0538 – 0.2302
-0.4674 – -0.1148
0.0081 – 0.1844

-0.1047
-0.2079
-1.5973
3.3464
-3.1400
3.1563
-3.2361
2.1394

0.917
0.835
0.110
0.001
0.002
0.002
0.001
0.032

Exp.*Label category*Colour category

0.0505

0.0450

-0.0377 – 0.1387

1.1231

0.261

Random Effects
Residual variance
Intercept Stimuli Presentedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Stimuli Presentedf
Observations
Marginal R2 / Conditional R2

1.4594
0.2021
1.0921
0.4700
53
32
848
0.096 / 0.521

Table 7: Overall model of similarity ratings: Experiment 2.
Assessing direct interaction between Label and Colour categories.

The R formula is the following: Model = lmer(Ratingc ∼ T rialN umber + LabelCategoryf ∗ ColourCategoryf ∗
Experimentf + (1|P articipantN umberf ) + (1|StimuliP resentedf ).
Rating refers to similarity ratings; Trial Number accounts for the order of the stimuli displayed; Label category refers
to the label (same vs different); Colour category refers to the colour (nuances of same colour vs different colours);
Experiment refers to ETN and HTN; Participant Number accounts for inter and intra participant variability; Stimuli
Presented refers to the colour pair displayed.
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Predictors

Estimates

Std err

CI

t-value

p

Intercept
Trial number
Label category
Colour category
Label category*Colour category

3.6951
-0.1012
0.2858
-0.5776
0.1455

0.2218
0.0727
0.0755
0.1105
0.0754

3.2604 – 4.1297
-0.2437 – 0.0412
0.1378 – 0.4339
-0.7942 – -0.3610
-0.0024 – 0.2933

16.6626
-1.3931
3.7845
-5.2264
1.9287

<0.001
0.164
<0.001
<0.001
< 0.054

t-value

p

17.0543
1.1320
0.3628
0.0870
1.0551

<0.001
0.258
0.717
0.931
0.291

Random Effects
Residual variance
Intercept Stimuli Presentedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Stimuli Presentedf
Observations
Marginal R2 / Conditional R2

1.8113
0.1152
0.8501
0.3699
23
16
368
0.148 / 0.444

Table 8: ETN model of similarity ratings: Experiment 2.

Predictors

Estimates

Std err

Intercept
Trial number
Label category
Colour category
Label category*Colour category

4.2403
0.0585
0.0190
0.0122
0.0552

0.2486
0.0517
0.0523
0.1408
0.0523

CI
3.7530
-0.0428
-0.0835
-0.2638
-0.0473

–
–
–
–
–

4.7277
0.1599
0.1214
0.2883
0.1576

Random Effects
Residual variance
Intercept Stimuli Presentedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Stimuli Presentedf
Observations
Marginal R2 / Conditional R2

1.1866
0.2775
1.2596
0.5644
30
16
480
0.002 / 0.565

Table 9: HTN model of similarity ratings: Experiment 2.
The R formula is the following:
Model = lmer(Ratingc ∼ T rialN umber+Labelf ∗Experimentf +(1|P articipantN umberf )+(1|StimuliP resentedf ).
Rating refers to similarity ratings; Trial Number accounts for the order of the stimuli displayed; Label refers to the
label category (same vs different); Experiment refers to ETN and HTN; Participant Number accounts for inter and
intra participant variability; Stimuli Presented refers to the colour pair displayed.
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Colour pairs

Labels

Label category

Comparison levels

Category

Blue 1 Blue 2
Blue 1 Blue 2

djols djols
djols djoft

same label
shared root

A versus B

Within category

Blue 1 Purple 1
Blue 1 Purple 1

djols djonz
sniks tsalp

shared root
different labels

C versus D

Across category

Blue 1 Blue 2
Orange 1 Purple 1

-

-

AB versus E

Perceptual check
hue sensitivity

Table 10: Comparison levels used in Experiment 2, post-hoc tests.
Predictors

Estimates

Std err

CI

t-value

p

Intercept
Trial number
Within category

4.2639
0.0386
0.1247

0.2454
0.0940
0.0916

3.7829 – 4.7449
-0.1456 – 0.2229
-0.0548 – 0.3043

17.3732
0.4111
1.3614

<0.001
0.681
0.173

Random Effects
Residual variance
Intercept Stimuli Presentedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Stimuli Presentedf
Observations
Marginal R2 / Conditional R2

1.1209
0.0277
0.4918
0.4384
23
8
184
0.007 / 0.442

Table 11: ETN, post-hoc test Within category: Experiment 2.
Predictors

Estimates

Std err

CI

t-value

p

Intercept
Trial number
Across category

3.1239
-0.3107
0.4799

0.2839
0.1040
0.1094

2.5675 – 3.6804
-0.5145 – -0.1069
0.2655 – 0.6943

11.0033
-2.9879
4.3872

<0.001
0.003
<0.001

Random Effects
Residual variance
Intercept Stimuli Presentedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Stimuli Presentedf
Observations
Marginal R2 / Conditional R2

1.7072
0.2356
0.9548
0.4108
23
8
184
0.093 / 0.465

Table 12: ETN, post-hoc test Across category: Experiment 2.
The R formula is the following: Model = lmer(Ratingc ∼ T rialN umber + Labelf + (1|P articipantN umberf ) +
(1|StimuliP resentedf ). Rating refers to similarity ratings; Trial Number accounts for the order of the stimuli
displayed; Label refers to the label category (same vs different); Experiment refers to ETN and HTN; Participant
Number accounts for inter and intra participant variability; Stimuli Presented refers to the colour pair displayed.
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A.2. Naming accuracy models
Predictors

Estimates

Std err

Intercept
Experiment
Block 1 vs 2
Blocks 1-2 vs 3
Block 1-3 vs 4
Blocks 1-4 vs 5
Blocks 1-5 vs 6
Blocks 1-6 vs 7
Blocks 1-7 vs 8
Blocks 1-8 vs 9
Blocks 1-9 vs 10
Session 1 vs Session 2
Exp.*Blocks 1 vs 2
Exp.*Blocks 1-2 vs 3
Exp.*Block 1-3 vs 4
Exp.*Blocks 1-4 vs 5
Exp.*Blocks 1-5 vs 6
Exp.*Blocks 1-6 vs 7
Exp.*Blocks 1-7 vs 8
Exp.*Blocks 1-8 vs 9
Exp.*Blocks 1-9 vs 10
Exp.*Session 1 vs Session 2

0.5613
0.9128
0.4014
0.2771
0.3269
0.2119
0.1996
0.1435
0.2827
0.3645
0.3814
1.2085
0.8845
0.9622
0.9134
1.0435
1.1279
1.1581
1.2189
1.1685
1.0199
0.9645

0.0869
0.1412
0.0586
0.0452
0.0563
0.0385
0.0377
0.0288
0.0411
0.0470
0.0453
0.1142
0.1291
0.1570
0.1572
0.1894
0.2128
0.2318
0.1771
0.1505
0.1210
0.0911

CI
0.4145
0.6740
0.3015
0.2012
0.2332
0.1484
0.1379
0.0969
0.2126
0.2832
0.3022
1.0042
0.6644
0.6988
0.6518
0.7310
0.7793
0.7823
0.9168
0.9079
0.8083
0.8014

–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–
–

0.7602
1.2361
0.5345
0.3816
0.4582
0.3025
0.2890
0.2125
0.3760
0.4692
0.4813
1.4544
1.1775
1.3249
1.2799
1.4894
1.6326
1.7143
1.6206
1.5040
1.2869
1.1607

t-value

p

-3.7317
-0.5898
-6.2492
-7.8593
-6.4921
-8.5397
-8.5339
-9.6903
-8.6860
-7.8333
-8.1212
2.0047
-0.8410
-0.2359
-0.5262
0.2343
0.6381
0.7332
1.3622
1.2097
0.1664
-0.3826

<0.001
0.555
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.045
0.400
0.813
0.599
0.815
0.523
0.463
0.173
0.226
0.868
0.702

Random Effects
Residual variance
Intercept Stimuli Presentedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Stimuli Presentedf
Observations
Marginal R2 / Conditional R2

3.2899
0.0850
1.1571
0.2741
66
16
5808
0.119 / 0.360

Table 13: Model of naming accuracy: Experiment 1.
The R formula is the following: NA Model = glmer(ErrorRate ∼ T rialN umber + Experimentf ∗
BlockN umberf + (1|P articipantN umberf ) + (1|StimuliP resentedf ), f amily = binomial).
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Predictors

Pdd ratios

Std err

Intercept
Experiment
Block 1 vs 2
Blocks 1-2 vs 3
Block 1-3 vs 4
Blocks 1-4 vs 5
Blocks 1-5 vs 6
Exp.*Blocks 1 vs 2
Exp.*Blocks 1-2 vs 3
Exp.*Block 1-3 vs 4
Exp.*Blocks 1-4 vs 5
Exp.*Blocks 1-5 vs 6

0.4843
0.6674
0.2774
0.2170
0.2337
0.1899
0.1288
1.1759
1.1347
0.9042
0.9139
0.8891

0.1361
0.1065
0.0270
0.0243
0.0283
0.0247
0.0184
0.1139
0.1266
0.1092
0.1185
0.1263

CI
0.2793
0.4882
0.2293
0.1742
0.1843
0.1471
0.0974
0.9726
0.9118
0.7136
0.7088
0.6730

–
–
–
–
–
–
–
–
–
–
–
–

0.8400
0.9124
0.3356
0.2702
0.2964
0.2450
0.1704
1.4218
1.4120
1.1458
1.1783
1.1745

t-value

p

-2.5807
-2.5348
-13.1927
-13.6412
-11.9941
-12.7650
-14.3565
1.6729
1.1324
-0.8332
-0.6946
-0.8278

0.010
0.011
<0.001
<0.001
<0.001
<0.001
<0.001
0.094
0.257
0.405
0.487
0.408

Random Effects
Residual variance
Intercept Target Expectedf
Intercept Participant Numberf
ICC
N
Participant Numberf
N
Target Expectedf
Observations
Marginal R2 / Conditional R2

3.2899
0.3559
1.2724
0.3311
53
7
7632
0.155 / 0.435

Table 14: Model of naming accuracy: Experiment 2.
The R formula is the following: NA Model = glmer(ErrorRate ∼ T rialN umber + Experimentf ∗
BlockN umberf + (1|P articipantN umberf ) + (1|StimuliP resentedf ), f amily = binomial).

A.3. Perceptual checks

Figure 10: Perceptual checks of ETN and HTN for Experiment 1.
AB vs E: perceptual check hue sensitivity; C vs C* and D vs D*: perceptual check luminance sensitivity.
Error bars represent the mean standard error.
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A.4. Linguistic assessment

Nb. of other languages

Proficiency

Age of onset

Frequency of use

Experiment 1

ETN
HTN

2.461
2.542

2.026
1.943

11-20 years
11-20 years

2.073
2.36

Experiment 2

ETN
HTN

2.63
2.342

2.13
2.211

11-20 years
11-20 years

2.125
1.96

Table 15: Linguistic self-assessment: averages in Experiment 1 & 2.
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B. Stimuli selection
B.1. Colours
Stimuli were composed of 16 computer-simulated colour chips, 8 belonging to the category Easy
To Name (ETN) and 8 to the category Hard To Name (HTN). The colour sets are displayed in
Table 16.
ETN set

HTN set

Blue 1

(240, 100%, 45%)

#0000e6

Grey 1

(207, 30%, 30%)

#364f63

Blue 2

(240, 100%, 75%)

#4d79ff

Grey 2

(207, 30%, 60%)

#7a9cb8

Purple 1

(275, 100%, 45%)

#8600e6

Lilac 1

(236, 30%, 30%)

#363963

Purple 2

(275, 100%, 65%)

#ca80ff

Lilac 2

(236, 30%, 60%)

#7a7eb8

Orange 1

(25, 100%, 45%)

#e66000

Maroon 1

(27, 30%, 30%)

#634a36

Orange 2

(25, 100%, 65%)

#ffb580

Maroon 2

(27, 30%, 60%)

#b8967a

Yellow 1

(60, 100%, 45%)

#e5e600

Gold 1

(56, 30%, 30%)

#634a36

Yellow 2

(60, 100%, 65%)

#ffff80

Gold 2

(56, 30%, 60%)

#b8b47a

Table 16: Colour names, HSL and HEX colour codes of ETN and HTN colour sets.

HSL et HEX colour systems. The colours were created according to the international HSL colour
system. The HSL is a numerical system classifying a colour on the basis of 3 physical features:
Hue, Saturation, and Luminance. Hue is expressed as a degree on the colour wheel from 0 to 360°,
where 0 is red, 120 is green, and 240 is blue. Saturation and Luminance are percentage values. 0%
of Saturation means a shade of grey, and 100% a full colour. 0% of Luminance is black, and 100%
white. The colours were divided in two sets (ETN and HTN), and paired either as complementary
colours (e.g., Blue and Orange) or close colours (Blue and Purple). The Complementary colours
were created by contrasting the Hue value on a 180° angle, and the Close colours were created by
contrasting the Hue value on a 35° angle. Each colour was paired with a lighter nuance, created by
contrasting the Luminance value of 30%. The easy and hard to name colour sets were contrasted
by the Saturation value, with a 70% difference between the sets. Once the colours were created,
they were converted to HEX code, a hexadecimal code used to display colours on a webpage.
Suitability evaluation of colours. The set of colours created was pre-tested in French to ensure
that the perceptual differences between ETN and HTN colour sets were significant. The pre-test
was conducted online with Google forms questionnaires (Table 17; here translated into English).
Three hypotheses were defined: 1) the ETN colours would be rated as being named with less
difficulty than the HTN colours; 2) the ETN colours would be rated with higher confidence than
the HTN colours; 3) the ETN colours would elicit less possible colour names than the HTN colours. One additional constraint was that the colours within each set would match each other
according to those three parameters. Two pools of thirteen participants were instructed to give a
name to a set of sixteen colours. They would then have to rate on a scale of 1 to 10 the naming
difficulty of each colour (1 being “Very easy” and 10 “Very hard”). Third, they were asked to
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rate on a scale of 1 to 5 their confidence/certainty regarding the naming (1 being “Very confident”
and 5 “Not confident”). Last, they had to list all other possible names they would tend to give
to each colour. T-tests showed that 1) the ETN colours and HTN colour sets were significantly
different in terms of naming difficulty (M= 3.19 vs 5.55; p = <0.001), perceived naming accuracy
(M= 2.064 vs 2.898; p = <0.001) and number of naming categories (M = 1.625 vs 2.5; p = .04);
2). Colours within each category were matched in terms of naming difficulty, perceived naming
accuracy and number of naming categories (ETN respectively SD = 0,70; 0,37; 0,51 and HTN
respectively SD = 0,9; 0,49; 0,74). With the three initial hypotheses validated, we concluded that
the perceptual differences between the colour sets were significant. Additionally, the Google forms
results showed that the light nuance of blue was perceived as being intermediate between blue and
purple. The Luminance value was changed to 20 percent and the new colour chip was tested and
validated by 5 new anonymous participants being asked about the name they would give to colour
and their naming certainty. A sample of the colour questionnaire procedure is provided below, and
the details of the results is given is Table 17.
Google forms questionnaire: colours

1) If you should name this colour, what would it be ? (please provide only one word)
......................................
2) On a scale of 1 to 10 (1 being very easy, 10 being very difficult), is this colour difficult or easy
to name?
......................................
3) On a scale of 1 to 10 (1 being very adequate, 10 being not adequate), do you feel the name you
gave is adequate?
......................................
4) Please list any other name(s) you would like to give to this colour.
......................................
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Colour

Naming difficulty

Naming confidence

Number of colour categories

ETN set
Blue 1

4.214

2.285

1

Blue 2

3.769

2.692

2

Purple 1

2.23

1.538

1

Purple 2

2.384

1.692

2

Orange 1

3.384

2.076

2

Orange 2

2.846

1.923

2

Yellow 1

3.769

1.923

1

Yellow 2

2.923

2.384

2

Mean

3.19

2.064

1.625

HTN set
Grey 1

5.538

2.692

3

Grey 2
Lilac 1

5.923

3

2

7

2.846

3

Lilac 2

5.692

3.153

1

Maroon 1

5.076

2.615

3

Maroon 2

4.076

2.384

2

Gold 1

6.461

3.692

3

Gold 2

4.692

2.538

2

Mean

5.55

2.898

2.5

t-test

<0.001

p = 0.04

<0.001

Table 17: . ETN and HTN colour sets: Google forms questionnaires.
Averages of naming difficulty (1: very easy; 10: very difficult), naming confidence (1: very confident; 5: not very
confident) and number of colour categories given for each colour presented.

B.2. Pseudowords
Creation and evaluation of pseudowords. A pseudoword, or non-word, is a unit of speech conforming to phonotactic rules of a given language while being devoid of meaning (Nordquist 2018 ).
Is it thus considered as phonotactically legal: it has an appropriate orthographic and phonological
structure, but is not present in the lexicon (Chuang et al. 2020). Seven pseudowords were created
according to phonotactic rules of French (Dell 1995). To assess the quality of pseudowords, König,
Calude and Coxhead (2020) propose two criteria of evaluation: legality and suitability. Legality
refers to the conformity of a pseudoword structure to a given language rule, whereas suitability
determines if the pseudoword is congruent with the context of a specific task. In this study, the
pseudowords were created following those two constraints, namely being phonotactically legal in
French and likely to increase memorization.
Importance of first letter in word recognition. According to the work of Johnson and Eisler (2012)
and Lima and Inhoff (1985) on the importance of the first letter in word recognition and the work
of Carreiras and Perea (2004) on facilitation effects due to syllable frequency, the pseudowords were
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created by eliminating every initial consonant used in common colour names. To do so, a pool of
the most common colour names in seven languages was created and each initial consonant present
in at least one of the words was removed from the alphabetical list. The only consonants not used
in the beginning of a colour word following a consonant-vowel sequence were D, F, S and T. The
languages were selected according to three parameters: 1) mother tongue of participants (French);
2) most common LV1 and LV2 in the French educative system (English, Spanish, German, Italian);
3) most common migrant nationalities in France and their used language2 (Spanish, Italian, Arabic,
Portuguese). The sum up of the most common colour names of these seven languages is given in
Table 18.
French

Italian

Spanish

Arabic

English

Portuguese

German

rouge

rosso

rojo

ahmar

red

vermelho

rot

bleu

blu

azul

azraq

blue

azul

blau

noir

nero

negro

aswad

black

preto

schwarz

jaune

giallo

amarillo

al’asfar

yellow

amarelo

gelb

vert

verde

verde

akhdir

green

verde

grün

violet

viola

púrpura

arijwani

purple

roxa

lila

kaki

cachi

caqui

alkaki

khaki

cáqui

khaki

rose

rosa

rosado

zahri

pink

rosa

rosa

mauve

malva

color de malva

khabazi

mauve

malva

mauve

orange

arancia

naranja

alburtuqaliu

orange

laranja

orange

marron

marrone

castaño

allawn albaniu

brown

castanho

braun

beige

beige

beige

allawn albayj

beige

beige

beige

blanc

bianca

blanco

abyad

white

branco

weiß

Table 18: Most frequent colour names in seven languages.

Controlled variables. To match the learning difficulty of the pseudowords, length and structure
were held constant. Each pseudoword was composed of five phonemes. The creation of small words
of equal syllable number (two syllables) was designed to increase linguistic memorization (Bhatarah
et al. 2009). Each pseudoword was composed of a palindromic structure: consonant-consonantvowel-consonant-consonant (CCVCC). Additionally, the dissimilarity between the pseudowords
was increased based on their articulatory routines: following the former work of Browman and
Goldstein (1992) on articulatory phonology, authors such as Grimaldi (2017) and Caudrelier et
al. (2019) have highlighted the central role of speech motor commands in articulation and mental
sound representation. Those motor commands can be represented as articulatory routines (Meunier
2007), classifying phonemes according to their places of articulation (e.g., ’f’ is labiodental, i.e.,
produced by contact of the upper teeth and the lower lip). To improve memorization and increase
contrast between the pseudowords, each articulatory routine was different. The table summing up
the articulatory routines of the final set of pseudowords is given in Table 19.

2

According to a 2017 survey held by the Institut national d’études géographiques consulted on https://www.
ined.fr/en/
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Pseudoword

1st consonant

2nd consonant

3rd consonant

4th consonant

djoft

apico-alveo-dental

labio-palatal

labiodental

apico-alveo-dental

djols

apico-alveo-dental

labio-palatal

apico-alveolar

dorso-alveolar

djonz

apico-alveo-dental

labio-palatal

apico-alveo-dental

dorso-alveolar

tsagm

apico-alveo-dental

dorso-alveolar

dorso-velar

bilabial

tsalp

apico-alveo-dental

dorso-alveolar

apico-alveolar

bilabial

sniks

dorso-alveolar

apico-alveo-dental

apico-alveolar

dorso-alveolar

snild

dorso-alveolar

apico-alveo-dental

apico-alveolar

apico-alveo-dental

flurn

labiodental

apico-alveolar

uvular

apico-alveo-dental

Table 19: Articulatory routines of consonants of the final set of pseudowords.

Phonological neighbours. To control for potential facilitation effects, each pseudoword was checked
for lexical neighbours in the CELEX database using WordGen software. Pseudowords possessing
at least one French neighbour were removed from the list. English neighbours were checked. Due
to the presence of the common CCVCC structure in English phonology (Duyck et al. 2004) as well
as the heavy exposure of French participants to English through the media, English neighbours
were checked as well and removed following the same criteria.
Suitability evaluation. The set of pseudowords created was pre-tested to ensure equal perceived
pronunciation difficulty and thus determine suitability of the stimuli set. The pre-test was conducted online with Google forms questionnaires. The initial hypothesis was that a word perceived
as difficult to pronounce would be less easily memorized than one perceived as easy to pronounce.
Twenty participants rated the perceived pronunciation difficulty on a 10 point scale (1: Very easy,
10: Very difficult). The participants were also asked about possible phonological neighbours, allowing to control for three different factors: 1) the lexical competition effect of orthographic forms
(“djins”, jeans); 2) argot idioms, linguistic appropriations or famous brands (“zouk”, “Jeep”,
“flouz”, etc); 3) words likely to elicit an increased response, such as words with high emotional
intensity and/or a negative valence (“flingue”, gun). The pseudowords that elicited those words
were removed from the final set. With a mean of 4.087 out of 10 (SD=0.603), we concluded that
the pseudowords were matched in terms of perceived difficulty. A sample of the pseudoword questionnaire procedure is provided below (participants carried out the questionnaire in French, here
it is translated), and the final set of pseudowords is given in Table 20.
Google forms questionnaire: pseudowords
DJOFT
Please read this word out loud.
1) On a scale of 1 to 10 (1 being very easy and 10 being very difficult), how is the perceived
pronunciation of the word DJOFT?
2) Is there any word popping in your mind when you read DJOFT? If yes, please list it here.
......................................
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Pseudoword

Pronunciation difficulty

Sum of biphone frequency
(initial and final clusters)

djoft

3,1

228

djols

4

228

djonz

4,1

212

tsagm

5,2

51

tsalp

3,9

57

sniks

3,7

226

snild

4,4

63

flurn

4,3

708

Table 20: Perceived pronunciation difficulty and biphone frequency of pseudowords.

C. Task procedure
C.1. Naming out loud task
In Experiment 1, the eight label-colour associations (e.g., Blue 1 was called djols) were all presented
five times each in a randomized order in the ten experimental blocks, so a total of 400 learning
trials. The testing trials were composed of a total of 80 stimuli, with all stimuli presented once
in a row at the end of every experimental block. In Experiment 2 and 3, the eight label-colour
associations were all presented three times each in a randomized order in the six experimental
blocks, so a total of 180 learning trials. The testing trials were composed of a total of 144 stimuli,
with three randomized presentations of each stimulus at the end of every experimental block. The
sequential procedure is shown in Figure 11.

Figure 11: Naming out loud sequential procedure, Experiments 1, 2 and 3.
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C.2. Similarity rating task
In Experiments 1, 2 and 3, the 28 possible colour pairs (e.g., Blue 1 and Purple 2) were all presented
twice each by counterbalancing the order of appearance (i.e., Blue 1 Purple 1; Purple 1 Blue 1),
to a total of 56 trials. An example of the trial is provided in Figure 12.

Figure 12: Similarity rating procedure, Experiments 1, 2 and 3.

C.3. Oddball task
The visual oddball paradigm was composed of four blocks, each block presenting 540 stimuli, for
a total of 2160 stimuli displayed. In each block, 70% of the trials were composed of a standard
distractor stimulus (e.g., blue 1 with a central cross), to a total of 378 standard stimuli. The
remaining 30% were composed of rare stimuli: 10% were luminance deviant distractor (e.g., Blue
2 with a central cross), 10% were standard target (Blue 1 with a central circle) and 10% were
deviant target (Blue 2 with a central circle), to 54 stimuli each, for a total of 162 rare stimuli. The
sequential procedure is shown in Figure 13.

Figure 13: Visual oddball sequential procedure, Experiment 3.
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D. Participant information

Consentement de participation
Responsable de l’étude (contact): Dr. Elin Runnqvist (elin.runnqvist@univ-amu.fr)
Description de l’étude
Titre : Apprentissage linguistique
Objectif : comprendre l’effet de l’amorçage phonologique sur la perception visuelle.
Protocole : Prononciation de labels et évaluation de similarité
Durée : 30m
Risques : Aucun
Bénéfices : Aucun
Contre indications : Aucune
Indemnités de participation : 10 euros
Destination des informations : Recherche scientifique, stockage et partage des données
anonymes sur le site SLDR.

J'ai noté que les données recueillies lors de cette recherche demeureront strictement
confidentielles.
J’accepte le traitement informatisé des données nominatives qui me concernent en
conformité avec les dispositions de la loi n°2004-801 du 6 août 2004 relative à la
protection des personnes et la loi n° 78-17 du 6 janvier 1978 relative à l’informatique, aux
fichiers et aux libertés. J’ai noté que je pourrai exercer mon droit d’accès et de
rectification garanti par les articles 39 et 40 de cette loi en m'adressant auprès du
responsable de l’étude.
J’ai pris connaissance de la description de l’étude. Ma participation à cette étude est une
décision qui m’appartient en toute liberté et j’ai été informé(e) de mon droit de refuser de
participer à cette recherche et de retirer mon consentement à tout moment, sans avoir à
me justifier, sans encourir aucune responsabilité ni aucun préjudice de ce fait.
Compte tenu des informations qui m'ont été transmises, je soussigné(e) accepte librement
et volontairement par la présente, conformément aux dispositions relatives du Code de la
Santé Publique (articles L1121-1 et suivants) de participer cette étude.
Mon consentement ne décharge pas l'investigateur et le promoteur de leurs responsabilités
à mon égard et je conserve tous mes droits garantis par la loi.
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E. Project timeline

Task name
1. [ Conception and design ]
1.1 [APERO presentation (discussion and
feedback)]
1.2 [Litterature review (state of the art
and methods)]
1.3 [Pseudoword creation and Google
forms validation]
1.4 [Colour creation and Google forms
validation]
2. [ First online experiment ]
2.1 [FindingFive coding]
2.2 [Piloting]
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2.3 [Data collection]
2.4 [Data preprocessing (extraction and
transcription)]
2.5 [Data analysis (Coding Rstudio and
LMM analysis)]
2.6 [G Thierry presentation (discussion
and feedback)]
3. [ Second online experiment ]
3.1 [FindingFive coding]
3.2 [Data collection]
3.3 [APERO presentation (discussion and
feedback)]
3.4 [Data preprocessing (extraction and
transcription)]
3.5 [Data analysis (Coding Rstudio and
LMM analysis)]
4. [ EEG experiment ]
4.1 [Eprime coding]
4.2 [Piloting]
4.3 [Data collection (X subjects collected
out of X)]
4.4 [Data preprocessing]
4.5 [Data analysis]
5. [ Master's thesis writing ]
5.1 [Litterature review (theory for
interpretation)]
5.2 [Master's thesis writing]

Week 1
Week 2

Week 3
Week 4
Week 5

Week 6
Week 7

Week 8

Week 9

Week 10

Week 11
Week 12

Week 13

Week 14

Week 15

Week 16

Week 17

Week 18

Week 19

Week 20

Week 21

Week 23

Week 22

Week 24

Week 25

Week 26

Week 27

Week 28

Week 29

Week 30
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