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Abstract

One of the hottest debates in psychology—whether bilingual-monolingual differences exist in cognitive control—is at a
stalemate. Here we propose that the stalemate could be broken by shifting the research focus from whether those differences
emerge to why they should. We offer an example of this approach by testing the assumption of current theories of language-
control associations that adaptive control is involved in bilingualism, specifically language production. Unbalanced Italian-
English bilinguals living in the Milan area completed a Stroop task in their L1 and a picture-naming task in their L2. Both
tasks involved a manipulation of the proportion of the type of stimuli that are assumed to require control, i.e., incongruent
stimuli in the Stroop task (e.g., the word RED written in blue) and pictures with noncognate names in the picture-naming
task (e.g., the picture of a horse, whose Italian name, “cavallo,” has a very different pronunciation). Both confirmatory and
exploratory analyses showed a clear dissociation between the two tasks, with the Stroop task producing an interactive pattern
indicative of adaptive-control involvement and the picture-naming task failing to produce a similar one. These results suggest
that adaptive control may not be involved in bilingual language production and, therefore, may not produce bilingual-mono-
lingual differences in cognitive control. It is hoped that this research will inspire a change in the study of language-control
associations, pushing future research efforts towards grounding the assumptions for those associations in empirical evidence.
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Introduction

Every so often the bilingual-advantage saga—the debate
over whether regular experience managing two languages
confers bilinguals an advantage in cognitive control relative
to monolinguals—features a promising new episode. The
audience gasp: Will the advantage convince skeptics this
time? But in an all-too-predictable pattern, a new challenge
arises, and the solution will have to wait for another episode
(Bialystok, 2017; Paap, 2022; see also Antoniou, 2019).
Here we propose that part of the reason for the stalemate
affecting current theories of language-control associations
(e.g., Bialystok, 2017; Bialystok & Craik, 2022; Green
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& Abutalebi, 2013) is that while much of the debate has
focused on the existence of bilingual-monolingual differ-
ences—the theories’ predictions—Ilittle attention has been
paid to the motivation for potential differences—the theo-
ries’ assumptions (but see Blanco-Elorrieta & Caramazza,
2021). However, prioritization of the latter would be nec-
essary: If there was little or no motivation for there being
bilingual-monolingual differences in a certain control ability,
there would be no good reason to even attempt to find them.
If, in contrast, the motivation was solid, such attempts would
have a much higher chance of success, and failures would
gain informative value (Oberauer & Lewandowsky, 2019).
Based on these considerations, rather than conducting the
umpteenth contrast between monolinguals and bilinguals, we
focused on the latter to examine a core assumption of current
theories of language-control associations: the idea that experi-
ence managing two languages involves adaptive (or attentional)
control (e.g., Bialystok, 2017; Green & Abutalebi, 2013). Adap-
tive control refers to the ability to adjust processing selectivity
in line with the current goal and context (Braem et al., 2019)
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Fig.1 Examples of interactive and additive patterns in conflict (A) and non-conflict (B) tasks based on Spinelli et al.’s (2019) Experiments 1B

and 2, respectively

and is typically studied in conflict tasks such as the Stroop task
(1935), where conflict from an irrelevant but easily processed
distractor in incongruent stimuli (e.g., the word RED written in
blue) elicits slower and less accurate responses than the absence
of such conflict in congruent stimuli (e.g., RED in red). Dem-
onstrating adaptive control is the fact that the magnitude of this
congruency effect is modulated, for example, by the congru-
ency status of the previous trial (Gratton et al., 1992) or the
proportion of congruent/incongruent trials in the experimental
list (Logan & Zbrodoff, 1979).

The Proportion-Congruent (PC) manipulation, in particular,
produces an interactive pattern (Fig. 1A) involving a larger con-
gruency effect in a list in which the stimuli are mostly congru-
ent than in a list in which the stimuli are mostly incongruent.
This PC effect is typically interpreted as reflecting better ability
to proactively prepare for conflict in the mostly-incongruent
than the mostly-congruent list, in which, instead, conflict would
be handled reactively (i.e., when it occurs) and less efficiently
(Braver, 2012). That the PC effect is due to conflict and not to a
mere difficulty difference between congruent and incongruent
stimuli is demonstrated by the fact that parallel experiments
manipulating the proportion of easy and hard stimuli (e.g.,
high-resolution and low-resolution pictures) tend to produce
an additive pattern (Fig. 1B). This pattern involves a general
slow-down but little or no difficulty effect reduction in a mostly-
hard list relative to a mostly-easy list (Spinelli et al., 2019).
While this slow-down may reflect a later criterion for response
emission in contexts in which hard stimuli prevail (Lupker
et al., 1997), it most certainly does not reflect adaptive control
because it involves no processing selectivity adjustment.

The assumption that adaptive control is involved in bilin-
gualism implies that there are situations in managing two lan-
guages in which performance resembles the interactive pat-
tern but not the additive pattern. Here, we tested that idea by
attempting to create such a situation in a linguistic task inspired
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by the conflict-task literature. In conflict tasks, as noted, conflict
from a distractor is assumed to produce the congruency effect
and trigger adaptive control. In managing two languages, a sim-
ilar conflict is assumed to occur when producing the name of
a concept in a language—the target language—while ignoring
the corresponding name in the other language—the non-target
language, which, albeit irrelevant, will be active at the same
time (e.g., Green, 1998). This conflict would be especially rel-
evant when the non-target language is the bilingual’s dominant
language (i.e., their L1, with the target language being their L2;
e.g., Hermans et al., 1998) and the two translation equivalents
have very different pronunciations (i.e., they are noncognates;
e.g., an Italian-English bilingual saying “horse” while ignoring
“cavallo,” its Italian equivalent). On the other hand, when the
translation equivalents have similar pronunciations (i.e., they
are cognates, e.g., “elephant” and “elefante”), conflict is pre-
sumably reduced, as evidenced by the fact that pictures with
cognate names are named faster than pictures with noncognate
names (Costa et al., 2000; for evidence from other tasks, see
Santesteban & Schwieter, 2020).

Although originally named the cognate “facilitation” effect,
this effect must include both facilitation and interference unless
it is assumed that there is no competition between target and
non-target languages (Costa et al., 2000). Indeed, such a com-
petition is a basic premise of models that assume cognitive-
control involvement in bilingualism (e.g., Green, 1998; Green
& Abutalebi, 2013). The cognate effect thus resembles the
congruency effect in conflict tasks, which also involves facili-
tation and interference (MacLeod, 1991). Further, this effect
appears to reflect a structural component of bilingualism (i.e.,
the constant need to deal with irrelevant information from the
non-target language), unlike other effects presumed to involve
bilingualism-specific control which have turned out to be
somewhat epiphenomenal (e.g., language-switching effects;
see Blanco-Elorrieta & Pylkkinen, 2018).
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Table 1 Characteristics of Italian (L1) and English (L2) for our participants

Italian (L1) English (L2)
Characteristic Mean SD Range Mean SD Range
Proficiency 95 .07 79-1 79 .09 57-1
Immersion .90 .05 .63-.96 72 .06 .56-.86
Dominance .61 .05 .53-.73 44 .07 .32-.63
Pre-screening score 20.85 1.79 18-25
Lexical fluency 62.96 7.72 48-81

Note. Proficiency, immersion, and dominance are aggregated scores ranging from O to 1 calculated using the formulas in the LHQ3 (explained
in the Online Supplementary Materials along with the corrections we applied; note that because of those corrections, dominance for the final
sample could not be calculated for Italian in six cases and for English in one case). The pre-screening score is the sum of correct responses to the
25 questions included in Cambridge’s online test for adult learners of English, and lexical fluency is the number of correct L1-to-L2 translations

provided for 90 words (see Materials and procedure)

Based on these considerations, we elected the cognate effect
in L2 picture naming as a bilingual analog of the congruency
effect in conflict tasks and manipulated cognate/noncognate
proportion as in conflict tasks, i.e., we created a list in which
the pictures were mostly cognate and another in which the
pictures were mostly noncognate. Doing so allowed us to
contrast two hypotheses: (1) the (alternative) hypothesis that,
similar to conflict tasks, adaptive control would be regulated
proactively in the mostly-noncognate list to reduce non-target-
language conflict and reactively in the mostly-cognate list to
deal with that conflict only when it occurs, resulting in a PC-
like effect (Fig. 1A); (2) the (null) hypothesis that, similar to
non-conflict tasks, a later response criterion would be set in
the mostly-noncognate than the mostly-cognate list but no
adaptive control would be involved, resulting in an additive
pattern (Fig. 1B). The first hypothesis would support a core
assumption of theories of language-control associations, i.e.,
that adaptive control is involved in bilingualism, whereas the
second hypothesis would challenge it.

As a manipulation check, a Stroop task in participants’
L1 was also included with a PC manipulation parallel to that
used in the L2 picture-naming task. The expectation was for
a PC effect to emerge with the critical stimuli (see below),
suggesting that our participants were able to engage adaptive
control, as participants in this type of experiments typically
are (Spinelli & Lupker, 2023).

Method
Participants

The sample size needed for a power of .80 to obtain the key
interaction effect between cognate status and list type was
calculated with G*Power 3.1 (Faul et al., 2009) using the
smallest of the PC effects controlled for non-conflict pro-
cesses reported by Spinelli and Lupker (2023) for a series
of color-word Stroop experiments, nlf = .276. Although the

minimum sample size suggested by the analysis was 24, we
aimed to reach a sample size comparable to that used in
Spinelli and Lupker’s (2023) experiments, i.e., 48 partici-
pants. Participants were recruited by advertising the study
in social media groups associated with, and classes offered
at, the University of Milano-Bicocca, through the univer-
sity’s participant pool, and from the experimenters’ social
circles (see recruitment tools in the Online Supplementary
Materials (OSM)). Participants received course credits for
their participation. To participate, volunteers were required
to consider Italian to be their native (or one of their native)
language(s), to have normal or corrected-to-normal vision
and hearing, to be between 18 and 45 years old, and to pass
an English pre-screening test (see below). 129 participants
completed the pre-screening test. Of these, 71 passed it, 60
came to the lab to complete the study, and 48 remained after
exclusions (see below). Of the final sample, 36 identified
themselves as female, 11 as male, and one as non-binary,
with 22.81 years of age on average (SD = 3.53, range =
18-36); 40 reported knowing a third language besides Ital-
ian and English and 20 a fourth language, although their
proficiency, immersion, and dominance in those languages
(as calculated using the Language History Questionnaire
(LHQ?3); Li et al., 2019) was lower than those reported for
Italian or English on average; all were born in Italy except
two who came to live in Italy during childhood; and all
resided in Italy except one who resided in Switzerland. We
report additional information on Italian (L1) and English
(L2), the two languages involved in the study, in Table 1.

Materials and procedure
Pre-screening session
Participants were pre-screened using Cambridge’s online test

for adult learners of English (https://www.cambridgeenglish.
org/test-your-english/general-english/). The test provides an

@ Springer


https://www.cambridgeenglish.org/test-your-english/general-english/
https://www.cambridgeenglish.org/test-your-english/general-english/

Psychonomic Bulletin & Review

Table 2 Characteristics of the cognate and noncognate stimuli used in the L2 picture-naming task

Cognate Noncognate
Characteristic Mean SD Range Mean SD Range
Visual complexity (picture) 2.46 46 1.19-3.45 2.36 32 1.42-3.39
Number of syllables (word) 2.18 .79 1-3 1.50 .66 1-2
Zipf frequency (word) 4.08 42 3.12-5.02 4.13 .55 .70-5.09
Phonological similarity with Italian 78.41 9.86 60.48-99.64 3.84 3.11 .88-19.72

(word)

Note. Visual complexity was extracted from the MultiPic norms (Duiiabeitia et al., 2018) and is expressed on a 1-5 scale. Number of syllables
was extracted from N-Watch (Davis, 2005). Zipf frequency was extracted from Subtlex-UK (van Heuven et al., 2014). Phonological similarity
with Italian was extracted from our pilot study and is expressed on a 0-100 scale (see Online Supplementary Materials, specifically, the subsec-
tion Online session of the section Materials and procedure of the pilot study)

English proficiency estimate within the Common European
Framework of Reference for Languages (CEFRL). To pass
the test, participants were required to perform at an esti-
mated B2 CEFRL level (see OSM for further details). To
participate in the pre-screening test and the subsequent lab
session, participants expressed their informed consent. The
study was approved by the university’s Ethics Board (pro-
tocol RM-2021-445).

Lab session

Participants who passed the pre-screening test were invited
to participate in the lab session, which comprised a language
background questionnaire, an L2 picture-naming task, an L1
Stroop task, and an L1-to-L2 translation task, in this order.
All instructions were given in Italian. The whole session
took about 2.5 h to complete.

Language background questionnaire To assess partici-
pants’ language background, we used the Language History
Questionnaire 3.0 (LHQ3; Li et al., 2019), a validated tool
to measure, by self-report, several aspects of the bilingual
experience such as Age of Acquisition (AoA), proficiency,
and patterns of language use. The English version of the
LHQ3 was translated into Italian and re-created using the
Jotform (https://www.jotform.com/) survey services.

L2 picture-naming task Of the colored drawings in the Mul-
tiPic dataset (Dufiabeitia et al., 2018), 96 with cognate and
96 with noncognate English and Italian names were selected
based on the results of a pilot study (described in full, along
with the selection process, in the OSM; for the most relevant
characteristics, see Table 2). Each set was split into four
subsets of 24 stimuli, roughly matched on the most relevant
characteristics reported in Table 2, which were used to create
the mostly-cognate and the mostly-noncognate lists. Namely,
the mostly-cognate list included three subsets of the cognate
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set and one subset of the noncognate set (i.e., there were 72
(75%) cognate pictures and 24 (25%) noncognate pictures);
the mostly-noncognate list included the fourth subset of the
cognate set and the other three subsets of the noncognate
set (i.e., there were 24 (25%) cognate pictures and 72 (75%)
noncognate pictures; note that these percentages are typi-
cal of those used in proportion-congruent manipulations in
conflict tasks, see, e.g., Braem et al., 2019). The assignment
of subsets to list types was counterbalanced across partici-
pants, as was the order of presentation of the list types. The
order of presentation of the stimuli within each block was
randomized. For a representation of the composition of the
two lists, see Fig. 2A.

Each trial began with a fixation symbol (+) presented for
250 ms followed by the picture presented for 3,000 ms or
until response. All pictures were 300-pixel wide and 300-
pixel high. Participants were instructed to name the picture
in English, their L2, as quickly as possible with the name
that they thought was the most appropriate. They were told
to speak clearly, without hesitations, and not to worry exces-
sively about their Italian accent. There was a self-paced
pause between the two lists. Prior to the experiment, par-
ticipants completed a practice session with six “neutral” pic-
tures not clearly classifiable as either cognate or noncognate
(see OSM). DMDX (Forster & Forster, 2003) was used to
program the task.

L1 Stroop task Two subsets of colors (red and green
vs. blue and yellow) and the corresponding Italian names
(ROSSO and VERDE vs. BLU and GIALLO) were used to
create the mostly-congruent and mostly-incongruent lists.
One subset was used as the “inducer” subset and included
either congruent stimuli only (in the mostly-congruent list)
or incongruent stimuli only (in the mostly-incongruent list),
whereas the other subset was used as the “diagnostic” subset
and included congruent and incongruent stimuli in equal
proportions (in both lists). Specifically, the mostly-congru-
ent list included 96 congruent stimuli from one subset, the
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L2 picture-naming task (A) and the L1 Stroop task (B). In the par-
ticular counterbalancing represented for the L1 Stroop task (B), the
colors red and green (and the corresponding Italian names, “rosso”
and “verde”) form the inducer subset and are always congruent in the

inducer subset (e.g., the red/green subset), and 48 congruent
and 48 incongruent stimuli from the other subset, the diag-
nostic subset (e.g., the blue/yellow subset; i.e., in total, there
were 144 (75%) congruent stimuli and 48 (25%) incongruent
stimuli); the mostly-incongruent list included 96 incongru-
ent stimuli from the subset used as the inducer subset in
the mostly-congruent list (e.g., the red/green subset) and 48
congruent and 48 incongruent stimuli from the subset used
as the diagnostic subset in the mostly-congruent list (e.g.,
the blue/yellow subset; i.e., in total, there were 48 (25%)
congruent stimuli and 144 (75%) incongruent stimuli). The
assignment of subsets to the inducer versus diagnostic type
of subset was counterbalanced across participants, as was the
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mostly-congruent list and always incongruent in the mostly-incon-
gruent list. The colors blue and yellow (and the corresponding Italian
names, “blu” and “giallo”) form the diagnostic subset and are congru-
ent and incongruent in equal proportions in both lists. See the online
version of this article for colors

order of presentation of the list types (but note that this order
was always compatible with that used in the L2 picture-nam-
ing task, e.g., participants presented with the mostly-cognate
list first in that task were always presented with the mostly-
congruent list first in this task). This splitting of stimuli into
two subsets is the recommended procedure for measuring
adaptive control in Stroop-like tasks (Braem et al., 2019).
The order of presentation of the stimuli within each block
was randomized. For a representation of the composition of
the two lists, see Fig. 2B.

Each trial began with a fixation symbol (+) presented
for 250 ms followed by the stimulus presented in Courier
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New pt. 14 font for 2,000 ms or until response. All stimuli
appeared against a medium-grey background. Participants
were instructed to name the color in Italian, their L1, as
quickly and as accurately as possible. There was a self-paced
pause between the two lists. Prior to the experiment, partici-
pants completed a practice session including eight neutral
stimuli (i.e., #####). DMDX (Forster & Forster, 2003) was
used to program the task.

L2-to-L1 translation task To assess participants’ L2 lexical
fluency, we used an L1-to-L2 translation task comprising
30 high-frequency, 30 medium-frequency, and 30 low-
frequency Italian words, all of which had one (in the case
of one of the words, two) acceptable English translation(s)
according to Word Reference (https://www.wordreference.
com/) and none of which had been involved in the previous
tasks or were Italian-English cognates (Sulpizio et al., 2019).
Participants completed this task with no time limit in an
Excel spreadsheet in which the words appeared one above
the other in a fixed order (from high to low frequency).

Data analysis

Here we report the appropriate confirmatory analyses to
test the idea that adaptive control is involved in bilingual
language production as it is in conflict tasks. As such, those
analyses focus on the group-level results for L2 picture nam-
ing and L1 Stroop separately. Exploratory analyses examin-
ing individual-level associations between linguistic variables
and performance on L2 picture naming or L1 Stroop, and
between performance across the two tasks, are reported in
the OSM.

For both L2 picture naming and L1 Stroop, the wave-
forms of responses were manually inspected with Check-
Vocal (Protopapas, 2007) to determine the accuracy of the
response and the correct placement of timing marks. For
L2 picture naming, there was some leniency concerning the
participant’s pronunciation, but a response was considered
correct only if it matched the response that we expected
based on the results of our pilot study. (We used a similar
criterion when scoring responses to the L1-to-L2 transla-
tion task. That is, we were lenient with incorrect spellings
(e.g., “rackoon” instead of “raccoon”), but a response was
considered correct only if it matched the acceptable response
for that word.) Prior to the analyses, invalid trials due to
technical failures, responses faster than 300 ms, and null
responses (1,209 observations for L2 picture naming and
147 for L1 Stroop) were discarded. Prior to the latency
analyses, incorrect responses (1,497 observations for L2
picture naming and 246 for L1 Stroop) were also discarded.
Further, in line with current recommendations (Braem et al.,
2019), only stimuli from the diagnostic subset were used
in the Stroop task analyses. After discarding invalid and
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incorrect responses, 12 participants contributed fewer than
70% of their original observations in the L2 picture-naming
task. Those participants (whose original observations were
2,304 for L2 picture naming and 4,608 for L1 Stroop) were
removed from the analyses—a criterion determined a priori
in line with previous work (Spinelli et al., 2020; Spinelli &
Lupker, 2023)—Ileaving, as noted, 48 participants in the final
sample. Analyses with the full sample, reported in the OSM,
produced a similar pattern of results.

All analyses were conducted in R version 4.2.2 (R Core
Team, 2022). R-default treatment contrasts were changed
to sum-to-zero contrasts (i.e., contr.sum) to help interpret
lower-order effects in the presence of higher-order inter-
actions. Separate analyses were conducted for L2 picture
naming and L1 Stroop. For both tasks, linear mixed-effects
models were used to fit trial-level response times (RTs)
and generalized linear mixed-effects models were used to
fit trial-level accuracy specifying a binomial distribution
with a logit link between fixed effects and the dependent
variable. Also, for both tasks, the model included random
intercepts for participants and target stimuli. Analyses with
the maximal random structure allowed by the data (Bates
et al., 2015), reported in the OSM, produced a similar pat-
tern of results. For L2 picture naming, the fixed effects were
Cognate Status (cognate vs. noncognate) and List Type
(mostly-cognate vs. mostly-noncognate); for L1 Stroop, they
were Congruency (congruent vs. incongruent) and List Type
(mostly-congruent vs. mostly-incongruent). Analyses with
List Type Order (i.e., the order in which the two list types in
the two tasks were administered) as an additional fixed effect
produced a similar pattern of results, although in the Stroop
task, in addition to an overall practice effect, the order in
which participants received the lists was found to modulate
the PC effect in the RTs (for details, see the OSM). How-
ever, both participants who received the mostly-congruent
list first and those who received the mostly-incongruent list
first showed a PC effect, a testament to the robustness of
this effect.

Going back to the present analyses, for RTs, i.e., the
most relevant dependent measure for the key patterns
emerging in conflict and non-conflict tasks (Spinelli
et al., 2019), we also obtained the best-fitting model using
backward selection. Further, to quantify the evidence for/
against the key interaction between List Type and Cog-
nate Status (for L2 picture naming)/Congruency (for L1
Stroop), we fit two Bayesian models—an RT model with
that interaction, interpreted as the alternative hypothesis
H/, and an RT model without that interaction, interpreted
as the null hypothesis H,. The contrast between the two
models yielded BF,,, with values above 1 representing
evidence for the presence of the interaction and values
below 1 representing evidence for the absence of the inter-
action (values around 1 would represent no real evidence
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Fig.3 Mean participant-based response times (and corresponding 95% confidence intervals calculated using Cousineau’s (2019) method) in the

L2 picture-naming task (A) and the L1 Stroop task (B)

Table 3 Mean participant-based response times and percentage error rates (and corresponding 95% confidence intervals calculated using Cous-

ineau’s (2019) method) in the L2 picture-naming task

Response times

Error rates

Cognate status Mostly-cognate list

Mostly-noncognate list

Mostly-cognate list Mostly-noncognate list

Cognate 1154 [1126, 1182] 1170 [1142, 1198]
Noncognate 1245 [1213, 1276] 1252 [1223, 1282]
Cognate effect 91 82

10.77 [9.24, 12.29]
12.03 [8.75, 15.30]
1.26

10.99 [8.70, 13.29]
12.38 [10.44, 14.32]
1.39

for either hypothesis). The functions and packages used
are reported in the OSM.

Results

L2 picture-naming task The mean participant-based RTs
are presented in Fig. 3A and in Table 3 along with mean
error rates. Full results from the RT and accuracy models
are reported in Table 4. As Table 4 shows, whereas no effect
reached significance in the accuracy data, in the RTs there
was a significant main effect of Cognate Status reflecting,
as expected, faster responses to cognate than noncognate
pictures, and a marginal (p = .050) main effect of List Type
reflecting a numerical tendency for faster responses in
the mostly-cognate than the mostly-noncognate list. Most
importantly, the two effects did not interact: The cognate
effects in the mostly-cognate list (91 ms) and the mostly-
noncognate list (82 ms) were equivalent. Overall, this type of
pattern resembles the additive pattern typical of non-conflict
tasks (compare Fig. 3A with Fig. 1B). Indeed, using back-
ward selection, the best-fitting model was the additive one, a
model in which the effects of Cognate Status and List Type

were both significant (p = .006 and p = .048, respectively;
see the OSM for full results). The Bayes factor, BF |, = .06
+6.47%, also favored the additive model over the interac-
tive one.

L1 Stroop task The mean participant-based RTs are pre-
sented in Fig. 3B and in Table 5 along with mean error rates.
Full results from the RT and accuracy models are reported
in Table 6. As Table 6 shows, in the accuracy model, the
only significant effect was that of Congruency, reflecting, as
expected, more accurate responses to congruent than incon-
gruent stimuli. In the RTs, on the other hand, there was a
main effect of Congruency reflecting, as expected, faster
responses to congruent than incongruent stimuli overall, a
main effect of List Type reflecting slower responses in the
mostly-congruent than the mostly-incongruent list overall,
and an interaction between the two reflecting, as expected, a
larger congruency effect in the mostly-congruent list (97 ms)
than in the mostly-incongruent list (63 ms). Note that this
pattern was mainly driven by the incongruent stimuli being
slower in the mostly-congruent than the mostly-incongruent
list, p = 28.13, SE = 4.28, 7 = 6.57, p < .001 (there was no
simple main effect of List Type for congruent stimuli, § =
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Table 4 Variances and standard deviations for the random effects and coefficients, standard errors, statistics, and probability values for the fixed
effects used in the models of response times and accuracy in the L2 picture-naming task

Response times Accuracy
Random effects Variance SD Variance SD
Participant (intercept) 19765.68 140.59 .266 516
Picture (intercept) 33685.08 183.53 1.358 1.165
Fixed effects p SE t P p SE z p
Intercept 1227.09 24.67 49.74 <.001 2.547 125 20.33 <.001
Cognate Status -39.38 14.02 -2.81 .005 116 .097 1.20 .230
List Type -8.92 4.56 -1.96 .050 .026 .041 .64 525
Cognate Status X List Type -3.23 4.56 =71 478 -.003 .041 -.07 945

The accuracy coefficients are in the logit scale, not in the response scale

Table 5 Mean participant-based response times and percentage error rates (and corresponding 95% confidence intervals calculated using Cous-

ineau’s (2019) method) in the L1 Stroop task

Response times

Error rates

Congruency Mostly-congruent list Mostly-incongruent list Mostly-congruent list Mostly-incongruent list
Congruent 699 [681, 718] 705 [690, 720] .30 [.01, .60] .30 [-.03, .64]
Incongruent 796 [776, 816] 768 [748, 787] 3.23[1.89, 4.57] 2.06 [1.20,2.92]
Congruency effect 97 63 2.93 1.76

Table 6 Variances and standard deviations for the random effects and coefficients, standard errors, statistics, and probability values for the fixed
effects used in the models of response times and accuracy in the L1 Stroop task

Response times Accuracy
Random effect Variance SD Variance SD
Participant (intercept) 11414.40 106.84 .304 551
Color (intercept) 6.52 2.55 <.001 <.001
Fixed effect p SE t p p SE z P
Intercept 741.47 15.55 47.69 <.001 4.861 .170 28.64 <.001
Congruency -39.51 1.50 -26.27 <.001 1.082 .140 7.74 <.001
List Type 5.58 1.50 3.71 <.001 -.116 .140 -.83 405
Congruency X List Type -8.49 1.50 -5.64 <.001 119 .140 .85 .396

The accuracy coefficients are in the logit scale, not in the response scale

-5.83, SE = 4.23, 7 =-1.38, p = .168). Overall, this type of
pattern replicates the interactive pattern typical of conflict
tasks (compare Fig. 3B with Fig. 1A). The backward selec-
tion procedure confirmed that the interactive model was the
best-fitting model, save for the elimination of the random
effect of target color (note the small amount of variance
associated with it in the model reported in Table 6; see the
OSM for full results of the best-fitting model). Indeed, the
Bayes Factor, BF |, = 290,657.5 +10.74%, strongly favored
the interactive model over the additive one.

@ Springer

Discussion

While current theories of language-control associations
(e.g., Bialystok, 2017; Green & Abutalebi, 2013) assume
that experience managing two languages, particularly in lan-
guage production, involves adaptive control, that assump-
tion has thus far gone untested. Here we filled this gap by
applying a typical manipulation used to demonstrate adap-
tive control in conflict tasks such as the Stroop task—i.e.,
the proportion of congruent/incongruent stimuli in a list—to
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a purely linguistic task involving L2 naming of cognate and
noncognate pictures presented with unbalanced proportions
in a list. The results of the confirmatory group-level analyses
showed a clear dissociation between the two tasks: While
the Stroop task produced the interactive pattern typical of
conflict tasks, suggesting adaptive-control involvement (i.e.,
a larger congruency effect in the mostly-congruent than the
mostly-incongruent list), its linguistic analog produced the
additive pattern typical of non-conflict tasks, suggesting no
adaptive-control involvement (i.e., a cognate effect and over-
all slower responses in the mostly-noncognate list, i.e., the
more difficult type of list). These key patterns were robust
across several analysis procedures, and exploratory analyses
revealed no individual-level predictors modulating them.

There are, of course, a few potential objections to the
conclusion that bilingual language production does not
involve adaptive control. The first, already addressed in the
Introduction, concerns whether the paradigm we used can
be reasonably presumed to engage such control—wouldn’t,
for example, a language-switching paradigm be more appro-
priate? Although such paradigms indubitably involve some
form of control, that control is likely neither language-spe-
cific (Festman & Schwieter, 2015) nor ecologically valid
(Blanco-Elorrieta & Pylkkdnen, 2018). In contrast, the
cognate effect in a simple picture-naming task such as ours
seems to capture a structural component of bilingualism,
i.e., the fact that every time a bilingual speaks, they must
select a word from the target language and avoid selecting
its translation equivalent in the non-target language.

Second, there could have been differences between the
Stroop task and the picture-naming task we used (other than
the purely linguistic nature of the latter) explaining the dis-
sociation those tasks produced. One such difference is the
stimulus set size, which was much smaller in the Stroop task
(four colors) than in the picture-naming task (96 pictures per
list). Challenging the idea that stimulus set size might mat-
ter, however, is the fact that Stroop tasks with stimulus sets
even larger than in the present picture-naming task produced
the typical interactive pattern (Spinelli et al., 2019). Another
difference is that while in our Stroop task the distractor (i.e.,
the word) was explicitly presented, in our picture-naming
task the distractor (i.e., the translation equivalent) was not.
However, adaptive control has been demonstrated with inter-
nally represented distractors (Kiyonaga & Egner, 2014) and
even without awareness of their presence (Desender et al.,
2013). Further, that translation equivalents are activated
implicitly is part of the normal bilingual experience. There-
fore, if adaptive control is normally involved in bilingualism,
it should have emerged in this type of situation.

Third and finally, our results could be restricted to the type
of population that we sampled—i.e., bilinguals who, despite
being relatively proficient in their L2, are immersed in a pre-
dominantly L1 environment (for the importance of bilinguals’

social dynamics, see Titone & Tiv, 2023). While we cannot
rule out this possibility, note that this type of bilingual pro-
file is likely the most common one for bilinguals, at least in
Europe. Further, although bilingual profiles may vary, adap-
tive control has been proposed as a unifying framework for
understanding those profiles (e.g., Green & Abutalebi, 2013).
It would seem to follow that evidence for this form of control
could be produced by any type of bilingual.

A relevant question that the idea that adaptive control is
not involved in bilingual language production would raise, of
course, is what control process would handle the competition
between languages that bilinguals would seem to face when
speaking? As originally proposed by Costa et al. (2000), a
language-specific selection mechanism may, on one hand,
prevent that competition from arising; on the other hand, it
may allow for phonological overlap among cognate trans-
lation equivalents to speed up naming, thus producing the
cognate effect. That is, cross-language competition, a control
need inherent in bilingual language production, would be
handled internally and would involve no regular exercise of
domain-general processes such as adaptive control.

The crucial implication is that adaptive control would
be used no more often by bilinguals than by monolinguals,
and would thus not be the key ingredient producing poten-
tial bilingual-monolingual differences in cognitive control
as has been assumed thus far.' These conclusions need, of
course, corroboration from different paradigms, samples,
and research groups. Nor do we intend to use these conclu-
sions to dismiss the whole bilingual-advantage enterprise.
Our intent, instead, is to invite a rethinking of theories of
language-control associations and a shift in research focus
from the existence of bilingual-monolingual differences to
the motivation for those potential differences. Without this
shift, borrowing Hartsuiker’s (2015) analogy, bilingual-
advantage research would be no different than going on a
treasure hunt with an unreliable map. Let’s first make sure
we have the right map.
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