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Abstract

The congruency (or Stroop) effect is a standard observation of slower and less accurate colour identification to incongruent
trials (e.g. “red” in green) relative to congruent trials (e.g. “red” in red). This effect has been observed in a word—word variant
of the task, when both the distracter (e.g. “red”) and target (e.g. “green”) are colour words. The Stroop task has also been
used to study the congruency effect between two languages in bilinguals. The typical finding is that the congruency effect
for L1 words is larger than that for L2 words. For the first time, the present report aims to extend this finding to a word—word
variant of the bilingual Stroop task. In two experiments, French monolinguals performed a bilingual word—word Stroop task
in which target word language, language match, and congruency between the distracter and target were manipulated. The
critical manipulation across two experiments concerned the target language. In Experiment 1, target language was manipu-
lated between groups, with either French (L.1) or English (L2) target colour words. In Experiment 2, target words from both
languages were intermixed. In both experiments, the congruency effect was larger when the distracter and target were from
the same language (language match) than when they were from different languages (language mismatch). Our findings
suggested that this congruency effect mostly depends on the language match between the distracter and target, rather than
on a target language. It also did not seem to matter whether the language-mismatching distracter was or was not a potential
response alternative. Semantic activation of languages in bilinguals and its implications on target identification are discussed.
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Introduction

In the literature on bilingual cognition, much work has
focused on understanding how two languages are stored in
memory and how they interact (Bialystok et al. 2008; Chen
and Leung 1989; de Groot 1992; Kroll and Stewart 1994;
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and Budayr 1966; Logan and Zbrodoff 1979; MacLeod
1991; Schmidt and Besner 2008).

Pertinent for the current experiments, the congruency
effect has also been observed in the word—word version of
the Stroop task, which is similar to the colour-word Stroop,
except that both the target and distracter are words. On each
trial, a distracter (e.g. “red”) is presented before a target (e.g.
“green’’). Both the distracter and target are colour words, and
participants are explicitly instructed to ignore the first word
and respond to the second word. Similar to the colour-word
variant of the task, participants are faster to identify the tar-
get colour word when it is preceded by a congruent colour
word (e.g. “green”—"“green”) relative to those preceded by
an incongruent word (e.g. “red”—““green”) or a neutral word
(e.g. “new”—“green”’; Glaser and Glaser 1982). Responses
are also slower in the incongruent condition relative to the
neutral condition (Schmidt et al. 2013).

The Stroop task has been used to study congruency
effects in bilinguals (Altarriba and Mathis 1997; Dyer 1971;
Preston and Lambert 1969; Schmidt et al. 2018; Tzelgov
et al. 1990). The Stroop effect was observed with both native
language (L1) colour words and second language (L2) col-
our words. For example, a native English speaker who also
speaks French will be impaired by both English (e.g. “red”
in green) and French incongruent colour words (e.g. “rouge”
in green). The standard finding is that the congruency effect
is typically larger for L1 relative to L2 words (Altarriba and
Mathis 1997). This implies that the native English speaker
performing the colour identification task will be more
impacted by English than by French incongruent stimuli.

However, this asymmetry in the magnitude of L1 and
L2 congruency effect can be modulated by different factors.
One of them is a response language (Preston and Lambert
1969; Tzelgov et al. 1990), which refers to the similarity
between the interfering and naming language. For instance,
the response language can either match the interfering dis-
tracter language (e.g. “red” in green, where the response
should be “green”) or mismatch (e.g. “rouge”, French for
red, printed in green, where the response should be “green”).
In the former example, the distracter and target are from
the same language, therefore producing a within-language
(intralingual) congruency effect. In contrast, the presentation
of a distracter and target from different languages will result
in a between-language (interlingual) congruency effect. The
magnitude of within- and between-language congruency has
been compared across studies. The standard finding is that
the magnitude of congruency effect is larger in the within-
language condition (Fang et al. 1981; Kiyak 1982; MacLeod
1991). However, the magnitudes of within- and between-
language congruency effects depend on different factors,
such as orthographic similarity of bilinguals’ languages (and
related cognate status), or subjective L2 proficiency. These
factors are discussed, respectively.
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First, the between-language effect is modulated by the
orthographic similarity of the two languages. That is,
more overlap between languages leads to stronger effects
in the between-language condition (Dyer 1971; Fang et al.
1981; Preston and Lambert 1969). For instance, Preston
and Lambert (1969) found that between-language interfer-
ence was only 68% of the within-language interference for
English-Hungarian bilinguals, but 95% for French—English
bilinguals. Similarly, in the case of cognates which are
translation equivalents similar in spelling and/or pronun-
ciation across languages (e.g. “blue” in English and “bleu”
in French), the between-language congruency effect (e.g.
a French distracter “bleu” named in English) was almost
as large as the within-language congruency effect (e.g.
“blue” named in English; Dyer 1971; Preston and Lambert
1969). The same applies for the combinations of languages
using different scripts. In a study with Chinese—English,
Spanish—English, and Japanese—English bilinguals, Fang
et al. (1981) found greater within- than between-language
effects. However, languages that use the same scripts
(e.g. Spanish and English) produce stronger effects in the
between-language condition.

Second, the magnitudes of within- and between-lan-
guage congruency effects are influenced by subjective
L2 proficiency (Fang et al. 1981; Migiste 1984; Tzelgov
et al. 1990). For instance, in a group of participants much
more proficient in their L1 than in their L2, Tzelgov et al.
(1990, Experiment 2) observed that the congruency effect
produced by L1 words was relatively large (and of com-
parable size) in both the within-language (L1-L1) and
between-language (L1-L2) conditions. The congruency
effect produced by L2 words was relatively large only in the
within-language (L2-L2) condition. However, in a group of
balanced bilinguals, the two within-language and between-
language effects were about the same size. An interaction
between orthography and proficiency was also observed.
For instance, Brauer (1998) conducted Stroop studies with
high and low proficiency bilinguals in languages with high
(German-English) and low (English-Greek, English—Chi-
nese) overlap. He observed that low-proficiency bilinguals
showed more within- than between-language congruency
effect when responding in their L1, regardless of how much
the languages overlapped. However, the opposite pattern
occurred when responding in their L2. On the other hand,
high-proficiency participants, when speaking languages with
no overlap showed greater within- than between-language
congruency when responding in both languages, whereas
high-proficiency bilinguals of languages with high ortho-
graphical overlap showed equal amounts of within- and
between-language congruency effects (Brauer 1998). These
results suggest that differences in L1 and L2 lexical process-
ing are influenced by various factors (see also Gollan et al.
2009).
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As an aside, the congruency effect seems to be less pre-
sent in a keypress (i.e. manual), relative to a vocal (i.e. ver-
bal) response modality. That is, a larger congruency effect
occurs when participants are required to identify the ink
colour of the printed stimulus vocally (i.e. saying the colour
aloud) as compared to manually (i.e. pressing a correspond-
ing key; Augustinova et al. 2019; Glaser and Glaser 1989;
Redding and Gerjets 1977; Sharma and McKenna 1998;
White 1969). The present series of experiments used manual
responses exclusively, so further reasoning will focus on this
particular response modality. However, we will return to this
point in the General Discussion.

Especially pertinent for the current research, there is
another important factor that could possibly explain the
asymmetry between L1 and L2 congruency. According to
the response set membership account (Klein 1964; Risko
et al. 2006; Sharma and McKenna 1998), the magnitude
of the congruency effect depends on whether a distracter is
an eligible response. For instance, imagine a Stroop para-
digm using the target colours “red”, “blue”, “green”, and
“yellow”. In an incongruent trial such as “red” followed by
“green”, the distracter “red” is one of the possible targets.
For this reason, “red” is expected to interfere more than col-
our words that are not in the response set (e.g. “brown”,
which is not one of the potential targets). In a cross-linguistic
condition, when the distracter and target belong to different
languages (e.g. “rouge”—“green”), a distracter like “rouge”
is not a potential response (i.e. it is not in the response set),
therefore interfering less than its English equivalent “red”.
To sum up, according to this view, the asymmetry between
within-language (e.g. “red”—"“green”’) and between-language
(e.g. “rouge”—“green”) congruency effects could be due to
the fact that different-language words were not potential tar-
get responses.

A word-word variant of the Stroop task is a suitable tool
for investigating the source of this asymmetry and the role of
the language match and response set membership on target
identification. For instance, it separates the irrelevant (i.e. to-
be-ignored distracter) and relevant task dimensions (i.e. to-
be-named target) temporally and spatially. It should be noted
that in a standard Stroop task trial, these two dimensions are
displayed simultaneously. Another modification concerns
displaying both components of a standard Stroop stimu-
lus in the same modality (i.e. both the distracter and target
are words). Related to that, the language match between
the distracter and the target (e.g. “red”—“green” when two
languages match or “rouge”—“green” when two languages
mismatch) could be manipulated. As already discussed,
the fact that the two words come from the same language
could increase the congruency effect (see the discussion
on within- vs. between-language congruency effect above).
In contrast, in the colour-word Stroop, the “language” of
the target stimulus (i.e. the print colour) and therefore the

language match with the distracter cannot be manipulated.
Moreover, a word—word Stroop task allows us to manipulate
the response eligibility of a distracter word. That is, in cer-
tain conditions, a distracter could be a potential target, which
is not the case in the standard Stroop task. This could again
influence the magnitude of the congruency effect, with a
larger effect when the distracter is a potential response than
when it is not.

Our word—word manipulation helps us to distinguish the
role of these two factors (i.e. language match and response
set membership) and examine their contribution to the con-
gruency effect. In Experiment 1, we used a between-sub-
ject design. All targets were either in English or in French
(depending on the group assignment). However, all partici-
pants were presented both English and French distracters.
As such, participants were presented on some trials with
distracters that were from a different language than the tar-
get (language mismatch, e.g. French distracters in the Eng-
lish target condition). These distracters were not potential
targets (i.e. because, in this case, the targets were English
words exclusively). In Experiment 2, however, we used a
within-subject design. All participants were presented with
both English and French distracters and English and French
targets. This is a key difference, because a distracter that
does not match in language with the target (language mis-
match) could still be a potential target. For instance, if the
distracter “vert” (French for “green”) is followed by the tar-
get “brown”, there is a language mismatch, but “vert” was a
possible target stimulus on other trials. This was not the case
in Experiment 1, where all targets were from the same lan-
guage. In other words, all distracters belong to the response
set, which should result in a larger congruency effect as
compared to the one observed with a between-language
manipulation. In other words, if language match between
the distracter and target is all that matters, then the con-
gruency effect should be smaller in the language mismatch
condition of both experiments. If response set membership
matters, then the reduction of the congruency effect in the
language mismatch condition should only be observed in
Experiment 1.

The influence of cross-linguistic word pairs (e.g. “red”
and “rouge” in a native English speaker) on target identifica-
tion can be possibly explained by the number of overlapping
features between the distracter and target (de Groot 1992).
According to the de Groot (1992) model, illustrated in
Fig. 1, bilinguals have conceptual representations for words
in both L1 and L2. These representations consist of seman-
tic features which are distributed across languages. That is,
translation equivalents possess both shared and separate
meaning components. More relevant for the present research
is, however, the assumption that semantic representation is
richer for L1 than for L2 words. This could suggest an over-
all larger effect for the L1 words. According to the model, L1
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Red Rouge
(L1) (L2)

Lexical Memory

Conceptual Memory

Fig. 1 Distributed conceptual representations in bilingual memory
assumed by the de Groot (1992) model

words activate more semantic features than L2 words, thus
producing a larger priming effect to L2 words (L1-L2) than
vice versa (Schoonbaert et al. 2009). However, the congru-
ency effect in a word—word Stroop is expected to be larger in
L1 since L1 words are strongly activated by the conceptual
(semantic) system (de Groot 1992; Green 1986, 1998). The
incongruent colour words (e.g. “red” and “green”) there-
fore activate a large number of overlapping semantic nodes,
thus impairing a target identification. It is plausible therefore
that a larger overall effect could be observed for L1 words,
regardless of target language.

This manuscript aimed to examine the role of other fac-
tors that can possibly influence target colour identification
in a word—word variant of the Stroop task. As briefly men-
tioned, one potential factor is target language. For instance,
L1 targets are expected to be responded faster to than L2
targets. A second factor is language match, which refers to
whether the distracter language matches the target language.
As already discussed, trials in which the distracter and target
language mismatch should be responded to faster relative
to trials in which distracter and target belong to the same
language. Third, response set membership might influence
the congruency effect, with smaller effects on language-
mismatch trials, but only if the distracter is not a potential
response (i.e. as in Experiment 1, but not in Experiment 2).
More trivially, a fourth factor is congruency, which refers
to the match or mismatch in the colour concepts activated
by the distracter and target. In line with previous reason-
ing, responses on congruent trials (i.e. when the distracter
and target refer to the same colour) are assumed to be faster
than those on incongruent trials (i.e. when the distracter and
target refer to different colours).

To sum up, the present manuscript aimed to identify
the factors underlying the L1-L2 asymmetry using the
word—word variant of the Stroop task, which has not been
done previously. In this variant, both the distracter and
target are words. This is not the case in a standard Stroop
task where to-be-ignored distracter is a word and the to-
be-attended target is colour (i.e. language-neutral). This
important feature of the word—word Stroop task allowed us
to manipulate two factors that could account for the L1-L2
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asymmetry: language match and response set membership.
In Experiment 1, targets were either French (L.1) or English
(L2) words presented in between-subject design. Based on
the previous findings from the bilingual Stroop literature,
the congruency should be larger when the two words come
from the same language (within-language condition) than
when they are from different languages (between-language
condition). That is, the congruency effect is expected to be
larger on French—French or English-English trials (within-
language) relative to French—English or English—French
(between-language) trials. However, this asymmetry could
be due to the fact that different-language words are not
potential targets (e.g. “marron”—“green” in the English tar-
get condition, where “marron” was not in the response set).
As already discussed, the response-set membership account
predicts that the congruency effect should be smaller when
distracter is not a potential response. In this case, different-
language words are expected to interfere less than same-
language words, but only when the different-language words
are not in the response set (e.g. “marron”—"“green”, when
“marron” is not in the response set). In Experiment 2, all dis-
tracters were presented as possible targets. French and Eng-
lish targets occurred interchangeably in the within-subject
design, and both language words are considered as possible
targets. If response-set membership is the key factor, then
this manipulation should not reveal a reduced congruency
effect for different-language words. Indeed, congruency
effects for different-language words should be comparable
to those of same-language words, or at least larger than the
congruency effects for different-language words in Experi-
ment 1, since all distracters are potential targets in Experi-
ment 2. For instance, for the stimulus “marron”—“green”,
the distracter “marron” is from a different language but
could be a potential target. That is, “marron” should pro-
duce a congruency effect of comparable magnitude as its
same-language equivalent “brown”. However, if the lan-
guage match between distracter and target matters, then
the “marron”—*“green” trial should produce a much smaller
effect than a “brown”—“green” trial or a “marron”—““vert”
trial in Experiment 2, just as in Experiment 1. Though we
deemed it less likely, it is also possible that the congruency
effect is simply larger for L1 than for L2, and neither lan-
guage match or response-set membership are relevant fac-
tors. In this case, we would anticipate larger overall French
congruency effects and no effects of language match in
either experiment.

9

Experiment 1

Experiment 1 aimed to investigate the way target language,
language match, and congruency between the distracter and
target influence colour word identification. Our participants
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performed a word—word variant of the Stroop task, in which
a colour word distracter preceded a to-be-identified colour
word target. A critical manipulation concerned the target
language, that is, participants were randomly assigned either
to the English or French target condition. In other words,
participants indicated the target colour identity of English
words (“green”, “brown”, “pink”, or “white”) in the Eng-
lish-target condition and the target colour identity of French
words (“vert”, “marron”, “rose”, or “blanc”, respectively) in
the French-target condition. In both groups, they needed to
ignore the distracter that was presented either in the match-
ing (i.e. English distracter-English target or French dis-
tracter-French target) or mismatching language (i.e. English

distracter-French target or French distracter-English target).
Method
Participants

A total of 81 University of Burgundy undergraduates (70
women, 10 men, 1 unknown) participated in the study
(MEAN,,.=19.51, SE=0.29). They were recruited on
social networks or university studying platforms and
received course credit for their participation. The only
requirement for participation was to be a native French
speaker. Language questionnaires (see Results section) were
used to confirm the fit of participants with this criterion.
Participants performed a single experimental session which
lasted around 25-30 min.

Apparatus and materials

The experiment was run online. Stimulus presentation and
response collection were controlled by Psytoolkit software
(Stoet 2010, 2017). Prior to the experimental portion, par-
ticipants filled out a series of questions from the French
version of the Language Experience and Proficiency Ques-
tionnaire (LEAP-Q; Marian et al. 2007). The first three ques-
tions were retained, which asked participants to list their
languages in order of dominance and in order of acquisition.
Also retained from the LEAP-Q was a box asking for the age
that the participants began acquiring French, became fluent
in French, began learning to read French, and became flu-
ent in reading French. As an addition to this questionnaire,
participants were asked to indicate their age, sex, and native
language. They also self-rated their English competence on
a 1-5 scale (1 =almost none; 5 =perfect) and indicated the
number of years they had studied English in school. These
language metrics scores were correlated with the observed
congruency effects. Finally, to assure that participants were
familiar with the English colour words used in the experi-
ment (“green”, “brown”, “pink”, and “white”), they were
asked to give their French translations.

This questionnaire portion of the experiment was fol-
lowed by the English version of LexTALE vocabulary test
(Lemhofer and Broersma 2012) with French instructions.
In this test, participants were presented with a list of 60
English-looking words, only about 2/3 of which were actual
English words (e.g. “scholar”), whereas the remaining 1/3
were not (e.g. “kilp”). The participants were instructed to
select the words that they are fairly certain are actual Eng-
lish words by pressing the “F” key. Otherwise, they were to
press the “J” key to indicate that they did not think it was
an existing English word. Correct responses were awarded
with one point and incorrect “false alarms” were penalized
by two points.

Design

During the main part of the experiment, participants were
presented with French and English colour words. French/
English colour word equivalents were “vert”/“green”,
“marron”/*“brown”, “rose”/“pink”, and “blanc”/*“white”.
The presentation of these colour words varied across three
factors. The target language factor was manipulated between
groups. Participants were randomly assigned to either the
“French target” or “English target” condition. The two
within-group factors were language match (with 2 levels:
same, in which the distracter and target are from the same
language; and different, in which the distracter and target
are from different languages) and congruency (with 2 lev-
els: congruent, in which the distracter and target refer to the
same colour; and incongruent, in which the distracter and
target refer to different colours).

The experimental portion of the study consisted of one
practice block and four main experimental blocks. The
experimental blocks were separated by a five-second pause.
The practice block had 64 trials. Within the practice block,
the stimulus “xxxx” was presented in lowercase and was
followed by either a French or English target colour word,
depending on the condition. There were also 512 experi-
mental trials with 128 trials per block. The 32 possible trials
(i.e. 8 distracters X 4 targets) were presented 4 times within
each block, and each set of 32 trials was randomized with-
out replacement. In the “French target” condition, the target
stimuli were always French colour words, which could be
preceded by either a French or English colour word. Simi-
larly, in the “English target” condition, the target stimuli
were always English colour words, preceded by either a
French or English colour word.

Procedure
After completing the survey and LexTALE (see above), the

main part of the experiment began. Each trial started with
the fixation (“4”) presented in the centre of the screen for
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Fig.2 An example experimen-
tal trial with corresponding
timings

vert

2000 ms

/150 ms

pink
/2'50 ms

/25:)”15

150 ms. This was followed by a blank screen for 250 ms.
The prime stimuli (either “xxxx” in the practice block or the
French/English colour word in the experimental block) was
then presented in the centre of the screen for 250 ms. This
was replaced by a blank screen for 250 ms. Finally, the target
colour word appeared on the screen until a response was
registered or 2000 ms elapsed. If the participant made an
error or failed to respond within 2000 ms, then the message
“Erreur” (“Error/Incorrect”) or “Trop Lent” (“Too slow”),
respectively, appeared in red for 500 ms before the next trial.
The procedure is visualised in Fig. 2. For each participant,
regardless of the condition they were assigned to, the four
colours had fixed key mapping: green (“c”), brown (“v”),
pink (“b”), and white (“n”).!

Results
Language demographics

All participants were native French speakers (100%). For
almost all participants, French was the first language in order
of dominance (93.83%) and in order of acquisition (96.3%).
Participants mostly indicated English (80.25%), Spanish
(9.88%), and French (2.47%) as a second language in order
of dominance. Other languages such as German, Creole, and
Turkish, as well as “unknown” cells were represented in low
percentages (in total 7.4%). As a second language in order of
acquisition, participants indicated English (80.25%), Span-
ish (4.94%), German (2.47%), French (2.47%), and Italian
(2.47%). Other languages (Creole, Turkish, Arabic, Viet-
namese, and Portuguese) and “no answer” cells accounted

! No specific instructions on hand/finger placement were given.
However, typically participants spontaneously use the middle and
index fingers of the left (for “c” and “v” keys) and right (for “b” and
“n” keys) hands.
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150 ms

for 7.4% of total responses. Participants are highly exposed
to French: 89% of them rated the amount of daily exposure
between 80 and 100% of time. Mean age (in years) of French
speaking acquisition was 1.61 (SE=0.17), and fluent speak-
ing was 3.8 (SE=0.23). The participants started reading on
average at age (in years) of 5.32 (SE=0.13), while level of
fluent reading they achieved at age of 6.81 (SE=0.19).

Participants self-rated their English proficiency moder-
ately (MEAN=3.01, SE=0.09) on 1-5 scale. All of them
had studied English in school MEAN=9.81, SE=0.25).
Performance on the objective English vocabulary test (Lex-
TALE) was average (MEAN =68.54, SE=1.12). Partici-
pants were familiar with the English colour words used in
the Stroop task. They were highly accurate in translating
pink (100%), green (98.67%), brown (98.67%), and white
(96.3%).

Stroop task response times

The data were analysed in a three-way mixed analysis of
variance (ANOVA) with repeated measures on the follow-
ing factors: target language (French vs. English), language
match (same vs. different) and congruency (congruent
vs. incongruent). Target language was manipulated at a
between-subject level, and the remaining factors (i.e. lan-
guage match and congruency) at a within-subject level. Only
correct responses were analysed. In the French target condi-
tion, 8.65% of the trials were excluded (1% of time-out trials
and 7.65% of incorrect trials). In the English target condi-
tion, we excluded 7.17% of trials from the analysis (0.88%
of time-out and 6.29% of incorrect trials). The mean RT data
are presented in Fig. 3.

There was a significant main effect of language match,
F(1,79)=24.118, p<0.001, °p=0.234, MSE = 1037.953,
BF,,=27.771, indicating faster responses when the dis-
tracter and target were from the same language relative
to when they were from different languages, #(80)=4.92,
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French target

OlIncongruent @ Congruent

840 1
820 A
800 A
780 A
760 A
740 A
720 A
700 A
680 1
660 1
640

Response Time (ms)

Different
Language Match

Same

English target

OlIncongruent @ Congruent

840
820
800
780 A
760 A
740 A
720 A
700 A
680 1
660 1
640

Response Time (ms)

Different
Language Match

Same

Fig.3 Mean response times with standard errors for French and English target language condition

Table 1 Mean response times
and standard errors (in brackets)

French target condition

English target condition

for each type of trials

Different language

Same language Different language Same language

Incongruent 795.7 (16.5)

Congruent 764.5 (17.3)

799.6 (16.2)
729.7 (19.7)

767.5 (13.6)
727.8 (13.9)

762.3 (13.5)
693.5 (13.8)

p <0.001, MEAN;;=—17.6, SEg;=3.57, Cohen’s
d=-0.547, BF,,>100. We also observed a main effect
of congruency, F(1,79)=141.355, p<0.001, 172p =0.641,
MSE =1570.93, BF,,> 100, indicating faster responses on
congruent as compared to incongruent trials, #(80)=11.9,
p <0.001, MEAN;;=—52.3, SE4;=4.38, Cohen’s
d=-1.33, BF ;> 100. Surprisingly, there was no main effect
of target language, F(1,79)=2.63, p>0.05, 172p =0.032,
MSE=36,841.118, BF;;,=0.918, BF;; =1.089, indicating
no overall difference in response speed between French and
English target words.

There was a statistically significant two-way interaction
between language match and congruency, F(1,79) =26.990,
p<0.001, n’p=0.255, MSE = 857.482, BF,,> 100, indicat-
ing that the congruency effect was larger in the same lan-
guage condition than in the different language condition.
The congruency effect was significant in both the different
language condition, #(80)=8.39, p<0.001, MEAN;=35.4,
SEgiir=4.22, Cohen’s d=0.933, BF,;,> 100, and in
the same language condition, #(80)=10.7, p <0.001,
MEAN ;¢ =69.267, SE,i=6.45, Cohen’s d=1.19,
BF,,> 100.

The three-way interaction between target language,
language match, and congruency was not significant,
F(1,79)=0.547, p>0.05, 5°p=0.007, MSE = 857.482,
BF,;,=0.233, BF;; =4.292. Mean response times and stand-
ard errors for all combinations of these three factors are dis-
played in Table 1. Neither the interaction between target
language and language match, F(1,79)=0.368, p>0.05,

n°p=0.005, MSE = 1037.954, BF,,=0.158, BF,, =6.329,
nor the interaction between target language and congru-
ency, F(1,79)=0.179, p>0.05, 1721_7 =0.002, MSE=1570.93,
BF,,=0.14, BF,, =7.143, were significant. As such, both
groups were influenced by language match, but did not seem
to differ otherwise.

Stroop task percentage error

The percentage error data are presented in Fig. 4. We
observed a significant main effect of language match,
F(1,79)=5.828, p<0.05, 5*p=0.069, MSE = 6.533,
BF,;,=0.928, BF,, =1.077, indicating less accurate
responding when the distracter and target were from the
same language as compared to when they were from dif-
ferent languages, #(80)=2.35, p <0.05, MEAN4;=0.679,
SE;ir=0.289, Cohen’s d=0.261, BF,,=1.64. However,
there was no main effect of target language, F(1,79)=2.28,
p>0.05, 7°p=0.028, MSE=119.672, BF,,=0.878,
BF,, =1.139 or even congruency, F(1,79)=0.351, p>0.05,
7°p=0.004, MSE = 11.553, BF,,=0.158, BF,, =6.329.
The three-way interaction between target language,
language match, and congruency was not significant,
F(1,79)=0.08, p>0.05, »*p=0.001, MSE = 7.684,
BF,,=0.316, BF,, =3.164. Mean percentage errors and
standard errors for all combinations of these factors are
displayed in Table 2. The two-way interaction between lan-
guage match and congruency failed to reach significance,
F(1,79)=0.042, p>0.05, 5*p=0.001, MSE =7.684,
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Fig.4 Mean percentage errors with standard errors for French and English target language condition

Table 2 Mean percentage errors
and standard errors (in brackets)

French target condition

English target condition

for each type of trials

Different language

Same language Different language Same language

Incongruent 7.4 (1.1)

Congruent 8.6 (1.2)

7.6 (1.1)
8.7 (1.1)

6.0 (.7)
5.2(.6)

7.1(7)
6.6 (.6)

BF,,=0.176, BF,;, =5.682, indicating that the relation-
ship between congruency effect and the accuracy did not
depend on the match between the language of distracter
and target.

The two-way interaction between target language and
language match was marginally significant, F(1,79)=3.606,
p=0.061, »°p=0.044, MSE =6.533, BF,,=0.533,
BF,, =1.876. In the French target condition, there was
no significant difference in error rates between same
and different language match, #(40)=0.338, p>0.05,
MEAN ;5= 0.146, SE,;=0.433, Cohen’s d=0.053,
BF,;,=0.178, BF,; =5.618. In the English target condi-
tion, participants had significantly lower error rates when
prime and target were from different languages than when
they were from the same language, #39)=3.36, p <0.01,
MEAN ;¢ =1.23, SEg;;=0.365, Cohen’s d=0.530,
BF,,=18.3.

The two-way interaction between target language and
congruency was significant, F(1,79)=5.352, p <0.05,
n°p=0.063, MSE = 11.553, BF,,=4.276. In the French
target condition, participants made marginally more errors
to congruent relative to incongruent trials, #(40)=2.08,
p<0.05, MEAN;#=1.10, SE4;#=0.528, Cohen’s d=0.325,
BF,,=1.17. In English target condition, there was no signifi-
cant difference in percentage error between congruent and
incongruent trials, #(39) =1.209, p > 0.05, MEAN;+=0.65,
SE4iss=0.537, Cohen’s d=-0.19, BF,;=0.333,
BF,, =3.003.

@ Springer

Correlations

As an additional analysis, we tested the level to which lan-
guage demographic data collected in the initial portion of
the study correlate with the congruency effects measured in
the experimental portion. The language demographic data
were collected through 1) the LexTALE English vocabulary
test considered as an objective measure of L2 proficiency,
and 2) a set of questions taken from the LEAP-Q, which
asked for participants’ self-ratings (e.g. English level, French
exposure, etc.) and estimations (e.g. age of French acquisi-
tion, fluent reading, etc.). Thus, we tested the correlations
between language demographic data and congruency effect
measures in the different experimental conditions. We note
that these demographic data were primarily collected for the
selection criteria of the experiment (i.e. to assure that our
participants were dominant L1 speakers), but we present
the following correlations for information purposes. The
non-parametric rank-based Spearman’s correlation coeffi-
cients are presented in Table 3. The two largest correlation
coefficients (significant at 0.01 level) were found between
error performance measures (when French target was pre-
ceded by incongruent French word, e.g. “vert”—“marron”,
or incongruent English word, e.g. “green”—“marron”) and
LexTALE score. However, none of the correlations reached
significance at 0.05 level after applying a Holm-Bonferroni
correction for multiple comparisons, which suggests that
these correlations should be interpreted with caution.
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Table 3 Correlations between performance (response times and errors) and language measures

English target condition

French target condition

Same language Different language Same language

Different language

Congruent Incongruent Congruent Incongruent Congruent Incongruent Congruent

Incongruent

ERR

RT

ERR

RT

ERR

RT

ERR

RT

ERR

RT

ERR

RT

ERR

RT

ERR

RT

—.060
—.032
—.216

—.089  —.065

—.177
—.005
—.187
—.223

—.154

—.131
—.047
—.163
-.319

-.150 -.051

—.381
—.033
—.061
—.136

115
197
.025
—.119

— 472
—.060

.054
177
.001

024 —.299
173
—.111

.042

— 481
—.119

-.077

—.064

LexTALE

.053
—.206
—.233

248
.072
—.028

228
.005
—.130

.198
.098
—.232

.057
—.225
—.166

.140
249
—.004

.148
.046
—.070

English Level
Years English

.095
—.045

194

—.111

.003

% French exposure
FRENCH

274
.036
—.100
—.100

— 044

.068
—.110
—.055
—.055

-.019

.046
.026
—.010
—.076

—.052

.004

—.116

.059
.145
—.066

.072
.106
136
159

.023
.091
.032
332

275
112

—.068

—.128
—.005
—.003

.099
194
.078
.280

108 —.069

—.106
—.124

—.078

Acquisition
Fluent

.037
—.092
—.045

.002
.034
.039

134
—.025

.056
—.016

.056
.019
.209

.037
.000

Reading

189 218 112 .006 123

071

Fluent Reading

p <.01. No tests were significant after a Holm—Bonferroni correction

Italic=p <.05, Bold

Discussion

Experiment 1 showed no difference in target identification
speed on French (L1) and English (L2) target words. The
target language does not seem to matter in colour identifica-
tion. Further, the congruency effect was not robustly larger
for L1 than for L2, consistent with the idea discussed in the
Introduction that the presence of an asymmetry between L1
and L2 depends on the response language. However, lan-
guage match between the distracter and target had a robust
influence on behaviour. That is, the congruency effect was
larger in the same-language condition (i.e. when the dis-
tracter and target belonged to the same language) than in
the different-language condition (i.e. when the distracter and
target belonged to different languages). This confirms previ-
ous findings of larger within-language relative to between-
language congruency effects (Fang et al. 1981; Kiyak 1982;
MacLeod 1991; Preston and Lambert 1969). This finding
could also be considered consistent with both the language
match and the response set membership accounts discussed
in the Introduction (which will be dissociated in Experiment
2). In both the same-language and different-language condi-
tions, congruent trials are responded to faster than incon-
gruent trials. This could be explained by the strong overlap
in semantic nodes activated by translation equivalents (e.g.
“green-vert” or “vert-green”) in different-language condition
(Costa et al. 1999; Costa and Caramazza 1999; de Groot
1992). The same pattern observed in the same-language
condition confirms the findings from the lexical decision
literature, suggesting the faster identification of words pre-
ceded by physically identical words (e.g. “green-green” or
“vert-vert”) relative to different word (e.g. “marron-green”;
Jacobs et al. 1995; La Heij et al. 1985; Perea et al. 2014).

Experiment 2

Experiment 2 conceptually replicates Experiment 1 with
target language being manipulated as within-subject factor.
That is, all participants saw both French and English words
as distracters (as in Experiment 1), but also both French and
English words as targets (unlike Experiment 1). The logic
of this experiment is simple. If the reason why between-lan-
guage congruency is smaller than within-language congru-
ency effect is due to the fact that different-language words
were not potential target responses (i.e. they are out of the
response set), then the same asymmetry should no longer
be observed if both language words can also be targets. For
example, for a trial like “vert”—“brown”, “vert” was not a
potential target in Experiment 1. In Experiment 2, “vert”
might be from a different language than the target (“brown”),
but “vert” can be a potential target. Thus, congruency effect
should be similar (or at least much larger than in Experiment
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Table 4 Mean language scores

. Acquisition Fluent Reading Fluent Read
with standard errors
French (L1) .66 (.15) 2.90 (.30) 5.31 2D 6.57 (.31)
English (L2) 10.28 51 18.70 (.80) 12.20 (.46) 18.19 (.89)

1). In contrast, if it is the matching of the stimulus languages
that matters, then a trial like “vert”—“brown” should produce
weaker congruency effect than a trial like “green”—“brown”.
As such, results should be similar or identical to those in
Experiment 1.

Method
Participants

A total of 35 participants (27 women and 8 men) took part
in Experiment 2 (MEAN =30.14, SE=1.34). None of them
participated in Experiment 1. They were all volunteers,
recruited via social networks and the Info du Risc platform
(a French academic diffusion list). The inclusion criteria and
duration of the experiment were identical to Experiment 1.

Apparatus, materials, design, and procedure

The experiment was identical to Experiment 1 in all respects
with a single exception. All factors were manipulated in the
within-subject manner. The mixed-target language condition
therefore consisted of 64 possible trials presented in random
order, twice within each experimental block. In other words,
participants saw all the trials from both the French targets
and English targets conditions of Experiment 1, intermixed
together. The LEAP-Q questions for English were also added
(omitted by accident in Experiment 1).

Results
Language demographics

All participants were native French speakers (100%). For
almost all of them, French was the first language in order of
dominance (97.14%) and in order of acquisition (100%). The
vast majority of participants indicated English (88.57%) as
their second language in order of dominance, followed by
Italian (5.71%), Spanish (2.86%), and Creole (2.86%). The
most frequent second languages in order of acquisition were
English (74.28%), Spanish (8.57%), and German (5.71%).
Other responses were Italian, Creole, and Japanese. Partici-
pants are highly exposed to French in their everyday lives;
77% of them rated the amount of daily exposure between
81 and 100% of time and 14% between 61 and 80% of time.
Mean French (L1) and English (I.2) language metric scores
are presented in Table 4.

@ Springer

Participants rated their English proficiency as average
(MEAN=3.31, SE=0.16) on a 1-5 scale. All of them had
studied English in school (MEAN =9.00 years, SE =0.47).
Their performance on the LexTALE vocabulary test was
relatively good (MEAN =76.63, SE=1.8). Participants were
mostly able to correctly translate the given English colour
words. The accuracy per word was high; green (100%), pink
(100%), white (100%), and brown (88.57%).

Stroop task response times

The data were analysed in a three-way analysis of variance
with repeated measures on the following factors: target lan-
guage (French vs. English), language match (different vs.
same), and congruency (incongruent vs. congruent). All the
factors were manipulated at the within-subject level. Only
correct responses were analysed. A total of 5.46% of incor-
rect trials and 1.86% of time-out trials were removed. The
mean RT data are presented in Fig. 5.

There was a main effect of target language,
F(1,34)=5.431, p=0.03, 7°p=0.138, MSE=2106.934,
BF,;=3.071, indicating faster responses to French rela-
tive to English target words, #(34)=2.33, p<0.05,
MEAN ;s =12.8, SE i =95.49, Cohen’s d=0.394,
BF,;=1.93. We also observed a significant main effect of
language match, F(1,34)=23.343, p <0.001, 772p =0.407,
MSE =1209.013, BF,,> 100. Participants responded sig-
nificantly faster when the distracter and target were from
the same language relative to when they were from differ-
ent languages, #(34)=4.83, p <0.001, MEAN;y=—20.1,
SEi;r=4.16, Cohen’s d=—-0.817, BF ;> 100. Finally,
there was the main effect of congruency, F(1,34)=11.418,
p<0.01, 7°p=0.251, MSE=2486.531, BF,,> 100, indicat-
ing faster responses on congruent relative to incongruent
trials, #(34)=3.38, p<0.01, MEAN j;z=—20.1, SE;;+=5.96,
Cohen’s d=-0.571, BF,,=18.5.

The only significant interaction was the one between lan-
guage match and congruency, F(1,34)=12.714, p=0.001,
n°p=0.272, MSE = 1458.088, BF,,=66.653, indicating that
the congruency effect (incongruent—congruent) was more
pronounced in same language condition. Indeed, the con-
gruency effect was significant in the same language condi-
tion, 1(34)=4.95, p<0.001, MEAN 4;;=36.4, SE ;;;="7.36,
Cohen’s d=0.836, BF,;,> 100, but not in the different lan-
guage condition, #(34)=0.505, p>0.05, MEAN ;+=3.87,
SE4ix=7.95, Cohen’s d=0.085, BF,,=0.204, BF,; =4.902.
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Fig.5 Mean response times with standard errors for French and English target language condition

Table 5 Mean response times
and standard errors (in brackets)

French target condition

English target condition

for each type of trials

Different language

Same language Different language Same language

Incongruent 773.4 (16.9) 771.0 (18.1) 784.8 (19.7) 779.6 (18.7)
Congruent 765.4 (21.0) 733.1 (20.1) 785.0 (20.7) 744.7 (20.0)
French Target English Target
Olncongruent @ Congruent OlIncongruent @ Congruent
10 1 10 1
. 8 1 . 8
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Fig. 6 Mean percentage errors with standard errors for French and English target language condition

The three-way interaction between target language,
language match and congruency was not significant,
F(1,34)=0.142, p>0.05, °p =0.004, MSE = 832.374,
BF,,=0.279, BF;, =3.584. Mean response times and
standard errors for all combinations of these three fac-
tors are displayed in Table 5. There was no significant
interaction between target language and language match,
F(1,34)=0.488, p>0.05, 5°p=0.014, MSE = 1044.181,
BF,;,=0.209, BF;, =4.785, or between target language
and congruency, F(1,34)=0.622, p>0.05, 172p =0.018,
MSE =865.198, BF,,=0.218, BF,; =4.587. Thus, again,

language match seemed to be the only relevant variable
affecting performance.

Stroop task percentage error

The mean percentage error data are presented in Fig. 6.
The only significant effect in the percentage error analy-
ses was congruency, F(1,34)=4.819, p<0.05, 172p=0.124,
MSE =13, BF,;=1.052. Surprisingly, congruent trials
had higher percentage error (i.e. participants were less
accurate) than in incongruent trials, #(34)=2.20, p <0.05,
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Table 6 Mean percentage errors
and standard errors (in brackets)

French target condition

English target condition

for each type of trials

Different language

Same language Different language Same language

Incongruent 5.0 (.8) 5.1(.8) 5.6(.9) 5.7(.9)
Congruent 6.2 (1.4) 5.7(1.1) 5.9(1.2) 7.3 (1.1)
MEAN ;= 0.947, SEg;=0.431, Cohen’s d=0.371,  Discussion

BF,,=1.51. There were no significant main effects of
target language, F(1,34)=3.291, p>0.05, ’p=0.088,
MSE =17.986, BF,,=0.308, BF,; =3.247, or language
match, F(1,34)=0.315, p>0.05, 5°p=0.009, MSE=16.514,
BF,,=0.156, BF,; =6.41.

The three-way interaction between target language,
language match, and congruency was not significant,
F(1,34)=0.949, p>0.05, n°p=0.027, MSE = 16.343,
BF,;,=0.355, BF); =2.817. Mean percentage errors and
standard errors for all combinations of these factors are
displayed in Table 6. As in the mean RT data, the inter-
action between target language and language match was
not significant, F(1,34)=1.022, p>0.05, 772p =0.029,
MSE =14.233, BF,,=0.283, BF,;; =3.533. There was no
significant interaction between target language and congru-
ency, F(1,34)=0.017, p>0.05, »’p=0.000, MSE = 12.183,
BF,,=0.189, BF;,; =5.291. Similarly, the interaction
between language match and congruency was not signifi-
cant, F(1,34)=0.145, p>0.05, *p=0.004, MSE=19.12,
BF,,=0.207, BF,; =4.831.

Correlations

As in Experiment 1, we tested the correlations of language
demographic data obtained through the LexTALE test and
a set of questions from the LEAP-Q questionnaire with the
congruency effects measured in the experimental portion
of the study. The nonparametric rank-based Spearman’s
correlation coefficients are presented in Table 7. As can be
observed, there are some performance measures (response
time or error) that correlated with English level, and per-
centage of French and English language use. Response time
(but not error) measures correlated significantly with age
of French (speaking) acquisition, fluency, age of reading
acquisition and age of fluent reading. No significant cor-
relations were observed for English LEAP-Q age measures.
Some correlations were significant at a=0.001 level (for
instance, the age of reading acquisition and fluent reading
in French correlated with response times when French tar-
get word is preceded by incongruent French distracter, e.g.
“vert”—“marron”). However, these correlations should be
interpreted with caution, since after applying a Holm—Bon-
ferroni correction for multiple comparisons, none of them
reached significance at the 0.05 level.

@ Springer

Experiment 2 is a conceptual replication of Experiment
1 with an intermixed presentation of both L1 and L2 tar-
get words for all participants. Both L1 and L2 words were
therefore presented as potential distracters and targets,
which made them a part of the response set (Klein 1964;
Risko et al. 2006). The main effect of target language was
observed, with faster responses on French (L1) than English
(L2) target words. It is plausible that L1 words are strongly
activated by the semantic system, which facilitates responses
to L1 targets (Green 1986, 1998). More importantly, the
interaction between language match and congruency was
again significant. However, no congruency effect occurred
in the different-language condition. Once again, the within-
language congruency is much larger than between-language
congruency effect. This contradicts the assumption of the
response set membership account, which assumes that both
language distracters should interfere equally (or, at mini-
mum, that different language distracters should produce
are notably larger congruency effect than that observed in
Experiment 1), since all distracters are potential targets.
Interestingly, a language match effect is still present even
when all distracters are potential targets. This suggests that
even with the increased number of potential targets, only dis-
tracters that belong to the same language as the targets (i.e.
language match) produce a considerable congruency effect.
In other words, language match between the distracter and
target rather than response set membership seems to influ-
ence target identification in a word—word variant of Stroop
task. Oddly, there were more errors on congruent relative to
incongruent trials, which might suggest a speed-accuracy
trade-off.

General discussion

In the present report, colour word target identification in
a bilingual word—word Stroop task was investigated by
manipulating the target word language, language match, and
congruency between the distracter and target. The critical
manipulation across two experiments concerned the target
language. In Experiment 1, target language was manipu-
lated between groups, with either French (L1) or English
(L2) target colour words. In Experiment 2, target words
from both languages were intermixed. In the blocked design
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Fig.7 A simplified version of
the Inhibitory Control Model
(Green, 1998). Note. In this
example, the target language is
English (L1), and a non-target
language is French (L2). The

- concept: GREEN

inhibitory connections between
the language task schemas and

L2 lexical nodes indicate their
suppression when L2 is not a
target language

Lexical Level

Phonological Level

(Experiment 1), target language did not seem to matter,
while when L1 and L2 occurred interchangeably (Experi-
ment 2) as targets, responses were faster on L1.

According to the Inhibitory Control Model (Green 1986,
1998), illustrated at Fig. 7, each lexical representation (e.g.
“green”, “vert”, “red”, “rouge”, etc.) is associated with a
corresponding language tag (i.e. “English”, “French”).
These lexical nodes can be suppressed if they are associ-
ated with the non-target language. The semantic system
(e.g. green colour concept) activates lexical nodes in both
languages, but the ones from a non-target language are then
suppressed reactively. This inhibition is proportional to the
level of activation of the lexical nodes in the non-target
language. That is, the more the semantic system activates
representations in the “wrong” language, the stronger this
language will be inhibited. According to the Green model,
the semantic system activates L1 more strongly than L2,
with a suppression being proportional to activation level.
Thus, L1 should be more strongly inhibited when it is not
the target language. The L2 receives less activation, and it
is therefore less strongly inhibited when it is not a target
language. For instance, we observed that there is noth-
ing special about the target language in a blocked design
(Experiment 1), when targets were either French (L1) or
English (L2) colour words. There was no significant dif-
ference in the response speed between French and Eng-
lish targets, with the latter being numerically faster. This
corresponds to Green’s prediction of strong L1 inhibition
when L1 is not a target language. For instance, in the Eng-
lish target group, French words occurred only as distracters,
which were strongly inhibited and minimally impaired target
identification. However, in Experiment 2 targets from both
languages were intermixed, with L1 and L2 target colour
words occurring interchangeably. With this manipulation,
participants responded faster to L1 as compared to L2 words.
This could be due to the fact that L1 words initially receive
more activation from the semantic system that remains per-
sistent even when L1 has to be inhibited on certain trials.

@ Springer

Language Task
Schemas

Another important caveat concerns the employed response
modality since the Green (1998) model is based on verbal
(vocal) responses. As already mentioned, the present series
of experiments made use of manual responses exclusively,
which are not inherently compatible with either language.
Future research might shed light on the role of response
modality in Stroop word—word target identification.

As already noted, the present series of experiments
made use of manual responses. Thus, the observed asym-
metry might be more present if a vocal (i.e. verbal) response
modality had been administered (Augustinova et al. 2019;
Redding and Gerjets 1977; Sharma and McKenna 1998;
White 1969). This response modality effect could be
explained by different mechanisms which underlie manual
and vocal responses. With manual responses, participants
indicate a target word by pressing a corresponding key, while
with verbal responses, participants need to name a target
word aloud. In the context of the word—word Stroop task,
participants would have to ignore a distracter and read the
target word aloud. This involves target word recognition,
but also verbal response processes, influenced by other fac-
tors, such as L2 proficiency, age of L2 acquisition, semantic
context, or word frequency (Gollan et al. 2011; Thornburgh
and Ryalls 1998). Different underlying processes employed
during manual and verbal Stroop tasks (i.e. colour identi-
fication vs. colour naming, respectively) could account for
the magnitude of congruency effect produced by each type
of task (Kinoshita et al. 2017). With a manual response
modality, an incongruent distracter provides evidence
toward another keypress alternative. However, when vocal
responses are required, the irrelevant distracter tends to acti-
vate another speech production alternative. This difference
in the magnitude of the congruency effect across the two
response modalities suggest that suppressing the irrelevant
speech code (in a verbal Stroop) is harder than suppress-
ing the irrelevant key response option (in a manual Stroop).
That is, distracters have a strong overlearned reading asso-
ciation with the corresponding oral response, thus making
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them harder to ignore. The verbal responses (or the response
modality effect in general) could be possibly integrated in
the present design, when participants need to read aloud the
target word, while ignoring a distracter.

Previous findings observed, however, that two words (e.g.
a distracter and a target) representing members of the same
semantic category (e.g. animals; “dog-pig”) do little to facil-
itate naming of a target stimulus (Lupker 1984). A similar
task was employed by Glaser and Glaser (1982; Experiment
3), who used a limited set of colour words (“red”, “blue”,
“yellow”, and “green”) both as distracters and targets. When
participants were instructed to name aloud the target word
while ignoring the distracter, the naming latencies in the
incongruent condition were longer relative to congruent and
neutral conditions, with no difference between latter two
(Glaser and Glaser 1982). Schmidt and colleagues (Experi-
ment 2; 2013) used a larger set of distracter-target pairs,
with target colour words preceded by either incongruent
colour associates or neutral words. Participants were faster
to identify a target colour word (i.e. read aloud) when it was
preceded by an incongruent colour associate (e.g. “banana-
green”) than those preceded by neutral words (e.g. “knot-
pink”; Experiment 2). It seems, therefore, that in certain
conditions, incongruent primes can facilitate identifica-
tion of target colour words. However, with a smaller set of
repeatedly-presented stimuli, similar as in a typical Stroop
task, incongruent colour word distracters interfered with
identification of the target colour word (Schmidt et al. 2013).

From a bilingual perspective, the present manuscript
aimed to investigate whether this congruency effect could be
due to the language match between the distracter and target
(same or different-language words) or due to the response
set membership (whether a distracter is a potential target).
To further explore the origin of this asymmetry, in Experi-
ment 1, participants were presented with target words from
only one language (either French or English). This excluded
different-language distracters from being a potential target.
For instance, in an English target condition, a distracter
“vert” could not be a target. That is, a distracter “vert” (and
other French words) is not in the response set and is there-
fore expected to produce a smaller congruency effect than
English distracters (e.g. “green”) that belong to the response
set. The reverse was expected in the French target condition
(Klein 1964; Risko et al. 2006; Sharma and McKenna 1998).

Our results revealed that the distracters that are poten-
tial targets (and are from the same language as target)
produce larger congruency effects (e.g. “brown”—*“green”
is responded to slower than “green”—“green”) than those
which are not potential targets (and are from a differ-
ent language than the target, e.g. “marron”—“green” is
responded to slower than “vert”—“green”). That is, the
faster responses on congruent trials suggest that to-be-
ignored distracters from another language (e.g. “vert”)

stay salient and activate their translation equivalent (e.g.
“green”), facilitating its identification. Because transla-
tion equivalents (e.g. “vert” and “green”) share a com-
mon semantic representation (de Groot 1992), they are
even more closely related than semantically related words
within a single language (e.g. “green” and “red” or “vert”
and “rouge”; Costa et al. 1999; Costa and Caramazza
1999). This is in line with the de Groot (1992) model (see
Introduction for more details) that explains this cross-lan-
guage priming by the number of semantic features shared
by translation equivalents (e.g. “vert” and “green”).

Experiment 2 aimed to clarify the role of the response
set membership in the observed L1 and L2 asymmetry. As
already discussed, all distracters, regardless of their lan-
guage match with a target, served as potential targets. That
is, even different-language distracters were considered as
potential targets. According to this perspective, the within-
subject manipulation was expected to produce larger congru-
ency effect as compared to Experiment 1. However, almost
equal response latencies between congruent and incon-
gruent trials were observed when the distracter and target
belonged to different languages (e.g. “marron”—"“green” vs.
“vert”’—“green”), with a minimal congruency effect pro-
duced. In the same-language condition, congruent trials (e.g.
“green—green” or “vert—vert”) were responded to faster than
incongruent trials (e.g. “brown—green” or “marron—vert”,
respectively). Experiment 2 therefore confirmed the notion
of a larger within- than between-language congruency effect.
These findings seem to align more with the language match
perspective, since Experiment 2 obtained a similar pattern
of results as in Experiment 1. The difference in the magni-
tude of between-language congruency and within-language
congruency effects can be attributed to the language match
between the distracter and target, rather than to the response
set membership. The increased response speed on congruent
trials could be due to identity priming, repeatedly reported
in lexical decision literature. That is, the target classification
is faster when the target is preceded by a physically identical
distracter (e.g. “green—green”’) than by a different one (e.g.
“brown—green”; Jacobs et al. 1995; La Heij et al. 1985; Perea
et al. 2014; Warren 1977). Alternatively, it could be the case
that this visual similarity at least partially explains speeded
responses on congruent same-language trials. Further inves-
tigations are needed to clarify this issue.

Interestingly, both Experiments 1 and 2 demonstrated
that the congruency effect in response latencies is modified
by the language match between the distracter and target.
That is, the congruency effect (i.e. the difference in response
latencies between incongruent and congruent trials) is more
pronounced when the distracter and target belong to the
same language relative to when they belong to different lan-
guages. This confirms the notion that the within-language
congruency effect is typically larger than between-language
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congruency effect (Kiyak 1982; MacLeod 1991; Preston and
Lambert 1969).

Apart from the congruency effect, the cross-language
effects could be discussed in terms of its direction. For
instance, a priming effect occurs across languages in both
the L2-L1 and L1-L2 directions in the lexical decision
task, with the latter being reported as larger (Keatley et al.
1994; Schoonbaert et al. 2009). This larger priming in the
L1-L2 direction was explained by different models of bilin-
gual memory representation, which assume richer L1 rep-
resentations (Keatley et al. 1994), stronger links to a shared
conceptual store (de Groot 1992; Keatley et al. 1994; Kroll
and Stewart 1994), or larger numbers of semantic nodes
activated by L1 words (de Groot 1992). It is possible, how-
ever, that this priming asymmetry could be observed in
certain contexts only (e.g. lexical decision task, semantic
and translation priming). For instance, in the present series
of experiments in which target identification was required
there was no difference in L1 and L2 target identification
latencies when preceded by same-language or different-
language distracters. These different results reported in the
lexical decision literature and the present word—word Stroop
colour identification task could be due to the different con-
texts in which semantically related words could influence
performance. For instance, an incongruent colour word dis-
tracter and a colour word target promote a word response in
lexical decision, therefore facilitating word classification.
In a Stroop identification task, incongruent distracters in
either language (e.g. “brown” or “marron”) indicate dif-
ferent response option from the one indicated by the target
(e.g. “green” or “vert”). This response competition impairs
target identification (Schmidt et al. 2013). Stroop response
decisions depend on the evidence for each of the potential
responses. In other words, evidence for a correct response
is divided by evidence for other potential responses. This
suggests the slower selection of correct response when a
larger number of response competitors is active (Melara and
Algom 2003).

Previous findings clearly show that the asymmetry
between L1 and L2 congruency effect depends on the
response language (Dyer 1971; Preston and Lambert 1969;
Tzelgov et al. 1990). Two cross-linguistic priming directions
(L1-L2 and L2-L1) could be therefore tested by manipulat-
ing a response language. For instance, if the response lan-
guage matches the target language (i.e. English), participants
would have to read a target word aloud (e.g. “brown”). This
target identification performance could potentially be influ-
enced by the distracter language (e.g. same or different than
the target) and congruency (e.g. congruent or incongruent
in meaning). In contrast, if the response language and target
language are different, a target word has to be translated (i.e.
“marron”, brown in French). According to the Kroll and
Stewart (1994) model, we should expect faster responding

@ Springer

when an L2 target has to be identified in L1, relative to vice
versa. This is due to strong lexical links from L2 to L1 that
facilitate backward (L2-L1), but not forward (L1-L2) trans-
lation, which is assumed to be conceptually mediated (Kroll
and Stewart 1994). Future research might aim to tease these
differences further apart in both priming directions.

The impact of the automatic process of reading on the
more controlled process of colour naming in a standard
Stroop task (e.g. “red” in green) has been investigated
across languages. For instance, this congruency (incongru-
ent—congruent) should be stronger in L1 than in L2 due to
the higher automaticity of L1 (Heidlmayr et al. 2014). This
is in line with the temporal delay assumption derived from
the BIA+ model (Dijkstra and van Heuven 2002), which
refers to the delayed access to phonological and semantic
codes in L2, relative to L1. The activation of L2 is slower,
therefore producing weaker congruency effect in the Stroop
task. Our data did not confirm this prediction: there was no
difference in the magnitude of congruency effect between
L1 and L2. According to Mégiste (1984, 1985), the amount
of conflict is proportional to the mastery of the languages.
In other words, the comparable size of congruency effects
produced by French (L1) and English (L.2) words could be
due to relatively high L2 proficiency in our sample (Migiste
1984, 1985). Future research may nevertheless aim to test
this notion on a less fluent L2.

The present series of experiments compared only congru-
ent and incongruent trials, which allowed us to measure the
congruency effect exclusively. This difference in response
latencies between incongruent (e.g. “green—brown”) and
congruent (e.g. “brown—brown”) trials can be explained in
terms of two possible accounts. First, according to semantic
conflict account, activation of the distracter (e.g. “green”)
leads to inhibition of other colour concepts (e.g. target;
“brown”), since both words show semantic similarity (i.e.
both are colours). This semantic competition slows down
target identification. Second, according to response con-
flict account, on incongruent trials, distracter and target
activate two possible response alternatives. This conflict in
the response selection stage is responsible for a delay in
responding. Both types of conflict occur for L2 words (Saban
and Schmidt 2021; Schmidt et al. 2018). Future research
might aim to dissociate stimulus and response conflict in
both language match and language mismatch conditions.

Future research could also integrate a neutral condition
(e.g. letter strings such as “xxxx”, or colour-neutral words
in L1 and L2), in which target colour word is preceded
by colour-neutral distracters. Faster responses in the con-
gruent relative to the control trials indicates a facilitation
effect. Slower responses in the incongruent relative to the
neutral trials indicate an interference effect. Facilitation
effects are typically much smaller than the interference
effect (MacLeod 1998). Future work might also explore
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facilitation and interference effects in both language match
and language mismatch conditions. As another interesting
aside, the “word—word” Stroop task variant is not limited
to the use of colour-related stimuli as in a standard colour-
word Stroop procedure. It can be used with any word type,
therefore allowing the exploration of a larger scope of cross-
linguistic semantic and associative relationships. As such,
the “word-word” variant of the Stroop task is more similar
to the priming tasks that are typically used in a large num-
ber of semantic domains (Fischler 1977; Glaser and Glaser
1982; Neely 1977; Schmidt et al. 2013).

Conclusion

The present series of experiments suggests that there is a
certain overlap in semantic activation produced by L1 and
L2 words. That is, instead of depending heavily on the tar-
get language or response-set membership, the congruency
effect mostly depends on the language match between the
distracter and target in our word—word Stroop task. Only
under certain conditions, a target identification is favourited
in L1 relative to L2. The present work is a good starting
point in exploring the word—word Stroop target identifica-
tion task on different word types. Moreover, it is recognized
as suitable for conducting further investigations of bilingual
semantic activation.
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