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Abstract: In bilingual communities, social interactions take place in both single- and mixed-lan- 10 
guage contexts. Some of the information shared in multilingual conversations is often required in 11 
consequent social encounters, like interlocutors’ personal information. In this study we explored 12 
whether the autobiographical information provided in a single-language context is better remem- 13 
bered than in an equivalent mixed-language situation. More than 400 Basque-Spanish bilingual 14 
(pre-)teenagers were presented with new persons who introduced themselves by either using only 15 
Spanish or only Basque, or by inter-sententially mixing both languages. Different memory measures 16 
were collected immediately after the initial exposure to the new pieces of information (immediate 17 
recall and recognition) and on the day after (delayed recall and recognition). In none of the time 18 
points was the information provided in a mixed-language fashion worse remembered than that 19 
provided in a strict one-language context. Interestingly, the variability across participants in their 20 
sociodemographic and linguistic variables had a negligible impact on the effects. These results are 21 
discussed considering their social and educational implications for bilingual communities.  22 

 Keywords: language mixing, code-switching, multilingual learning, bilingual schooling  23 
 24 

1. Introduction 25 
Social events are situations mostly defined by human interactions, and they often 26 

imply meeting new people. In a world that is steadily becoming less monolingual [1,2], 27 
these interactions may happen in any of the different languages known to the speakers, 28 
or even in a mixed-language fashion (as code-switching is a very common behaviour, see 29 
[3–6]). In the current study, we explored whether the biographical information (i.e., rele- 30 
vant pieces of information regarding an individual’s life) shared in such a social interac- 31 
tion scenario is differently learned as a function of the languages used. Are we equally 32 
able to recall the features of our new acquaintances if the information we got from them 33 
was presented in one vs. two languages? 34 

Questions like this, which relate the knowledge and use of different languages with 35 
other cognitive abilities (e.g., memory), are of major relevance to understanding the extent 36 
to which domain-general cognitive processes and language interact with each other. Lan- 37 
guage is not only our most powerful tool of communication. It is also our main way of 38 
interacting with reality, and therefore variations in language settings or contexts could 39 
potentially cause variations in processes mainly guided by other high-order cognitive 40 
abilities. In this line, research over the last half-century has shown that language can filter 41 
how reality is perceived and understood (see the Sapir-Whorf hypothesis, [7], see also [8– 42 
10]), approached to and interacted with [11–15]. Furthermore, and more importantly for 43 
the purpose of this study, recent research suggests that language contexts mediate how 44 
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the reality is categorized ([10,16–22], but see [23–25] for evidence putting into question the 45 
deterministic perspective of the Sapir-Whorf hypothesis). 46 

The categorization of the reality surrounding us and of its information appears to be 47 
an evolutionary vital cognitive process that starts developing at a very young age [26] and 48 
that is present not only in humans but also in other species [27]. It is a basic cognitive 49 
ability that helps us make sense of what is around us both consciously and unconsciously 50 
[28–30]. Crucially, categorization is an efficient way to learn and assimilate new infor- 51 
mation from the reality: potentially infinite individual encounters can be classified in a 52 
limited number of taxonomies that help us organize what we know and experience, and 53 
that allow for induction-based generalization [26]. It is important to note that exposure to 54 
and interaction with reality not only involves facing new general information, events, and 55 
elements, but also new persons. Social categorization plays a crucial role in social interac- 56 
tions, as it is the base of group-based evaluations (generally based on beliefs and stereo- 57 
types, [31,32]), and it often happens spontaneously when we classify individuals based on 58 
the categories they belong to (most commonly age, race and gender; see [33–38]).  59 

Critically, the language in which our interlocutors interact with us can also serve as 60 
a reality categorizer, given that social situations are often mediated by language. Inas- 61 
much as the language/s of the speaker are not salient until she starts speaking, language- 62 
based social categorization has not received as much attention as other more salient fac- 63 
tors (e.g., race or gender) until very recently. Nonetheless, this is becoming an increasingly 64 
relevant field of study and the evidence gathered in the last decade convincingly demon- 65 
strates that the language a person speaks is a determinant factor to categorize that person. 66 
In this line, it has been shown that language-based social categorization and preferences 67 
are present from a very young age: children of all ages preferentially attach with speakers 68 
of their native tongue, better accepting presents from them, and even preferring them as 69 
friends (see [39]). Interestingly, the categorizing power of language has not only been re- 70 
ported between languages (i.e., people who speak the same language tend to be classified 71 
as belonging to the same social group), but even within-language accent variations create 72 
social categories [40]. 73 

One of the intrinsic problems of studies comparing the effects of native and non-na- 74 
tive languages, language variations, or accents, is that those factors usually correlate with 75 
highly relevant sociolinguistic differences [41]. Different languages or accents often co- 76 
occur with different cultures or countries of origin, and the impact of pure language fac- 77 
tors in isolation could consequently be hard to detect. Indeed, extra linguistic cues like 78 
cultural factors and the physical appearance of the speaker can trigger language selection 79 
[42]. To explore the true impact of language itself in social categorization without its co- 80 
occurring factors, scientists have started exploring different bilingual realities, especially 81 
those in which both languages are local. Studies with bilingual young adults from the 82 
Basque Country (where Basque and Spanish are co-official) have shed some light on this 83 
issue. Molnar and her colleagues [43] presented participants with speakers that spoke ei- 84 
ther Basque or Spanish. After an initial exposure and familiarization phase, participants 85 
had to complete an audio-visual lexical decision task in which the previously presented 86 
speakers produced some words in either the language they were associated with during 87 
familiarization, or in the other one. Responses were faster when the speaker-language as- 88 
sociation matched that of the initial phase, indicating that participants had created links 89 
between speakers and languages and, arguably, social categories. Hence, even in contexts 90 
in which more than one native language is present (i.e., bilingual communities), social 91 
categorization based on the specific language that guides interactions emerges as a basic 92 
and essential communicative strategy that helps individuals anticipate and predict the 93 
linguistic context to foster a more effective communication [44,45]. 94 

One key aspect to keep in mind is that bilingual speakers in bilingual communities 95 
do not experience exclusively single-language context interactions with their interlocutors 96 
(namely, contexts in which only monolingual-like encounters take place). It is often the 97 
case that social interactions occur in a dual-language context (namely, contexts in which 98 
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both languages are used interchangeably). In this line, recent research has also explored 99 
social categorization and anticipation or prediction processes regarding newly met inter- 100 
locutors in such dual-language situations. In one of the first studies looking at this, Martin 101 
and colleagues [46] exposed bilingual participants to speakers who would speak only one 102 
language and to others who would produce utterances in two languages. When partici- 103 
pants were presented again with the same speakers, brain potentials revealed that they 104 
could anticipate the language in which the monolingual speakers would speak before any 105 
word was produced, but this was not the case with the bilingual speakers.  106 

The relationship between categorization and memory has been extensively explored 107 
and established [47–50]. When the elements to be learned are part of a previously estab- 108 
lished closely related semantic category, these elements are incorporated into it (e.g., 109 
[51,52]). In contrast, and in the absence of close referents, the creation of categories is an 110 
efficient way to remember completely new pieces of information as we encounter them, 111 
by grouping them rather than storing them as individual entries [26]. From the data pre- 112 
sented above it seems that monolingual contexts, speakers and the information shared in 113 
these scenarios are easier to predict - and thus categorize and memorize - than the situa- 114 
tions in which languages are intermixed. Consequently, one could tentatively predict that 115 
this could modulate the ease of remembering those scenarios and the pieces of infor- 116 
mation shared in those contexts. In other words, it could be hypothesized that the infor- 117 
mation provided by speakers who mix languages could be harder to remember, as com- 118 
pared to information provided in a single language, since the speakers in the former situ- 119 
ation would be harder to predict and categorize. However, as will be reviewed below, 120 
recent data from studies exploring the impact of language mixing in learning seem to 121 
somewhat contradict these predictions. 122 

Until very recently, alternating between languages has been actively discouraged in 123 
bilingual formal schooling, fearing some hypothetical - albeit unproven - negative impact 124 
of language mixing on learning. Instead, bilingual education has often been carried out as 125 
independent monolingual instances (also known as the “one subject-one language” rule, 126 
e.g., [53]). Indeed, language has been shown to be a crucial element during encoding and 127 
retrieval (see, among others, [54]). As an example of this, Marian and Fausey [55] showed 128 
that participants showed higher accuracy in memory tasks if the language of encoding 129 
and retrieval was kept the same, as compared to when they were different (see also [56], 130 
for additional evidence for language-dependant encoding). Together, these findings sug- 131 
gest that language is a factor that drives encoding processes acting as a cue during re- 132 
trieval, and thus manipulating the linguistic context could arguably modulate the integra- 133 
tion in and retrieval from memory. If language is an important cue for memory, then it 134 
seems reasonable to assume that mixing languages during encoding could potentially 135 
hamper later retrieval. 136 

Importantly, recent behavioural and electrophysiological studies addressing this ap- 137 
proach have repeatedly shown that mixing languages when conveying new information 138 
does not negatively impact learning as compared to situations in which information is 139 
presented in a single language [57–59]. However, these findings speak of null differences 140 
when remembering the pieces of information in isolation, regardless of who the speaker 141 
was. Put differently, these studies have explored how language mixing could impact the 142 
learning of different pieces of information that are unrelated to the speakers (e.g., non- 143 
biographical information). However, in everyday life, we constantly associate information 144 
with people (personal information, opinions, ideas…), as they help us communicate with 145 
them and have a clearer idea of who those individuals are and what they are like. In con- 146 
sequence, who said something can be as important as the piece of information itself. In 147 
the current study, we posit a series of questions that closely map onto this issue: if the 148 
language in which we first meet a person is an important cue to categorize her and her 149 
features, and this cue is a crucial feature for encoding and later retrieval, does it matter 150 
whether we have this first interaction in a single- or a dual-language context? Are the 151 
features associated with this person easier to remember if the interaction with her was in 152 
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a strict single-language (monolingual-like) fashion? And importantly for the context of 153 
the current Special Issue, do individual differences in the demographic and linguistic pro- 154 
file modulate these effects? 155 

With that purpose in mind, a large-scale study was conducted to test the effects of 156 
linguistic context and other sociolinguistic factors in associative memory. We tested more 157 
than 400 Basque-Spanish lifelong bilingual (pre-)teenagers with clear-cut differences in 158 
the number of years mastering their languages. They were presented with cartoon avatars 159 
that could speak only in Spanish, only in Basque, or use inter-sentential language mixing. 160 
These avatars would introduce themselves by giving some personal information, such as 161 
their name, age, job, or favourite food. Participants would be later tested (immediately 162 
after learning and one day after) to see whether there were any differences in the recall 163 
and recognition of the features of each avatar depending on the language they used dur- 164 
ing exposure and the individual linguistic variations.  165 

 166 

2. Materials and Methods 167 
Participants. 417 children with a mean age of 12.40 years (SD=1.89, range=9-16) took 168 

part in this study. They were all students from a Basque-speaking school (ikastola) in the 169 
Basque Country at the moment of the experiment. They received formal schooling in 170 
Basque, and they were all Basque-Spanish bilinguals. They all learned Basque and Spanish 171 
before the age of 3 (mean age of acquisition of Basque=0.89, SD=1.05; mean age of acqui- 172 
sition of Spanish=0.07, SD=0.87). Every participant was perfectly fluent in both languages, 173 
and they used them in their daily life in and out of school. They were rated as highly 174 
proficient in both languages by their parents, although there was still variability in their 175 
proficiency (mean reported Basque and Spanish level in a 1-to-10 scale was 7.97, SD=1.13; 176 
and 9.20, SD=0.87; respectively). All the participants’ parents gave informed signed con- 177 
sent before the experimental session according to the ethical commitments established by 178 
the Ethics Committee of the Universidad Antonio de Nebrija that approved the experi- 179 
ment and its protocols. 180 

 181 
Materials. Six cartoon-like 3D speaking avatars were created using the avatar gener- 182 

ator app Veemee©. Half of them had prototypical male features and the other half had 183 
female features in the face, body, and hairstyle. All the rest of the visually identifiable 184 
features (namely, clothing, gesticulation and background) remained identical across ava- 185 
tars. Six native bilingual Basque-Spanish speakers (three males and three females) rec- 186 
orded the auditory material, and each speaker was paired with one avatar. Every speaker 187 
recorded the same information both in Basque and Spanish, always speaking in the first 188 
person: the avatar’s name, age, profession, favourite animal and favourite food. Thus, the 189 
pieces of information were different for every avatar, and so were the voices they had. 190 
The avatar-language association was manipulated, as some avatars spoke in Spanish, 191 
some in Basque, and some used inter-sentential language switching (created by combin- 192 
ing Basque and Spanish sentences from the same speaker; hereafter mixed condition). 193 
Three lists were created to counterbalance the language-avatar associations among par- 194 
ticipants. In each of the lists, every language context (Basque, Spanish, or mixed) was as- 195 
sociated with one male and one female avatar. Table 1 shows the information that each of 196 
the avatars provided the participants with. 197 

 198 
Table 1. Basic information provided by each male and female avatar. 199 

 Male1 Male2 Male3 Female1 Female2 Female3 

Name Aimar Markel Iker Ane Irati June 

Age 18 22 26 19 23 27 



Brain Sci. 2021, 11, x FOR PEER REVIEW 5 of 14 
 

Favourite Food Chicken Apple Fish Bread Egg Cheese 

Favourite Animal Dog Bear Bird Horse Rabbit Frog 

Profession Dancer Cook Photographer Fire-fighter Teacher Athlete 

 

 

Procedure. This experiment was conducted in a computer room during school hours. 200 
Participants belonging to the same school class completed the experiment at the same time 201 
(n<30 per session). To assure privacy, each participant worked individually on her own 202 
computer with their own headphones. The experiment was conducted using LimeSur- 203 
vey©, and all the instructions displayed on the screen were both in Basque and Spanish. 204 
The teacher assigned to each class made sure that participants paid attention to the exper- 205 
iment and that they fully understood the instructions prior to starting the experiment. 206 

Participants were randomly assigned to one of the three lists when they entered the 207 
experiment. In the exposure phase, the 6 avatars were presented in random order, one 208 
after the other, in a form of a video clip with sound. Every avatar provided the participants 209 
with the same pieces of information (name, age, profession, favourite animal, and favour- 210 
ite food) but each did so in a different order. Every participant saw two avatars (a male 211 
and a female) speaking only in Spanish, two avatars speaking only in Basque, and two 212 
other avatars that alternated between languages inter-sententially. After each trial of the 213 
exposure phase (i.e., after each avatar had given all the corresponding information), par- 214 
ticipants were asked to type in the name, to guarantee that they were paying attention. 215 
Only 2 participants (0.39% of the sample) failed 2 out of 6 names, 55 failed one name 216 
(10.66% of the sample), and the rest responded all correctly.  217 

Immediately after the exposure phase, participants went through a series of ques- 218 
tions to measure their memory, some requiring them to freely recall information and some 219 
requiring them to recognize the correct features of the avatars. They first completed a re- 220 
call test in which they were presented with static 2D pictures of the avatars, one by one in 221 
random order, and they were asked to type in each avatar’s name and age in blank squares 222 
underneath the picture. Once this task was completed for all the avatars, they completed 223 
a brief recognition test. Three multiple choice recognition trials were presented to the par- 224 
ticipants, one by one and in a random order: one related to the previously presented fa- 225 
vourite food information, one related to the favourite animal information, and one related 226 
to the job of each avatar. For each of the three items, the screen set up was the same (see 227 
Fig. 1). 228 

 229 
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 230 
Figure 1. Example of the presentation of a male and a female avatar in the food assignation 231 

item. 232 
Participants saw a 6x6 grid in the screen, on the left of which, and aligned with its 233 

rows, participants saw the pictures of each of the six avatars, in a random order across 234 
trials and participants. As a header in each of the rows, participants saw pictures depicting 235 
the six tokens of each category (i.e., 6 pictures of the food items mentioned by the avatars, 236 
6 animals, or 6 pictures of the jobs), each picture aligned in one column. The task here was 237 
to assign each picture of food/animal/job to the avatar that previously mentioned it, by 238 
marking the intersections between the tokens and the avatars. Participants could only as- 239 
sign one element to each of the avatars, and all the avatars required a response.  240 

One day after, participants went back to the computer room in the same groups, and 241 
they repeated the free recall and recognition memory tasks. The items were presented in 242 
a random order across test days too. 243 

3. Results 244 
Participants’ responses in the memory tests were scored during the experiment for 245 

the recognition part, and offline coded for each item and each participant for the recall 246 
part. Table 2 shows overall mean correct responses in the free recall part (where name and 247 
age had to be retrieved) and in the recognition part (where participants needed to assign 248 
a profession, food, and animal to each avatar), grouped by language of exposition and 249 
split into the test day (day 1 and day 2). 250 

 251 
Table 2. Grand averages per language of exposition of correctly remembered items (Recall 252 

test) and correctly identified items (Recognition test) as a function of test day (day 1 and day 2). 253 
Standard deviations are presented in parenthesis. 254 

Language Task Day Accuracy (% hits) 
Basque Recall 1 0.549  (0.498) 
   2 0.502  (0.500) 
  Recognition 1 0.554  (0.497) 
   2 0.515  (0.500) 
Mixed Recall 1 0.556  (0.497) 
   2 0.477  (0.500) 
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  Recognition 1 0.536  (0.499) 
   2 0.490  (0.500) 
Spanish Recall 1 0.582  (0.493) 
   2 0.493  (0.500) 
  Recognition 1 0.559  (0.497) 
   2 0.533  (0.499) 

 255 
Accuracy was coded as 0 (incorrect response) or 1 (correct response). Analyses were 256 

conducted with Generalized Linear Mixed-Effects Models using the lme4 [60] package in 257 
R [61]. Prior to the initial construction of the maximal model, all numeric predictors were 258 
centred and scaled and the categorical variables were coded using the deviation method. 259 
Significance p-values and Type II Wald Chi-Square (χ2) statistics for main effects, interac- 260 
tions and planned comparisons were calculated using thr Anova function of the car pack- 261 
age [62]. All z-values higher than 1.96 were considered significant. Post-hoc and simple 262 
tests and the estimated marginal means (EMMs) for each specific factor combination in 263 
the significant interactions and the contrasts between them were computed using the em- 264 
means package [63]. 265 

A maximal model was constructed including in the fixed structure the factors Task 266 
(recall|recognition), Language (Spanish|Basque|mixed), Day (1|2), List (1|2|3), and the 267 
continuous variables Age (range: 9-17), Level of Spanish (range: 6-10) and Level of Basque 268 
(range: 6-10), together with all the potentially meaningful interactions between the factors. 269 
The model included random intercepts for participants and items and slopes for all 270 
within-item/participant predictors (a maximal structure; [64]). The model did not con- 271 
verge, and the random structure was simplified until convergence was reached. The final 272 
general model included random intercepts for participants and items. To find the best 273 
fitting fixed factor structure of the model, model comparison was done through a stepwise 274 
procedure. To this end, an automated model selection process was followed by subsetting 275 
the maximum model using the dredge function from the MuMIn package [65]. In an itera- 276 
tive process, all the possible models with different fixed effect terms and interactions were 277 
contrasted and ranked according to their goodness-of-fit using the Akaike Information 278 
Criterion (AIC). 279 

The simplest resulting model with the highest capacity to explain the accuracy data 280 
(N= 25020 observations) included a fixed structure consisting of the factors Language, 281 
Day, Age and Level of Basque, and the two-way interactions between Day and Age, and 282 
between Language and Age. This model was then analysed in Jamovi [66] using the 283 
GAMLj module [67]. The main effect of Level of Basque was found to be significant [χ2(1) 284 
= 6.996, p = .008], with accuracy increasing as a function of the self-reported Basque profi- 285 
ciency level. The main effect of Day closely approached significance [χ2(1) = 3.368, p = 286 
.066], suggesting a drop in accuracy as a function of delayed testing. The rest of the main 287 
effects were negligible (all ps>.60). Importantly, the two interactions were significant. 288 
First, the interaction between Day and Age [χ2(1) = 21.598, p < .001] showed that accuracy 289 
increased with age on the immediate recall and recognition tests (day 1), while it remained 290 
constant across ages on delayed tests (day 2). Second, the interaction between Age and 291 
Language [χ2(2) = 8.869, p = .012] showed that while performance was highly similar for 292 
Basque and Mixed conditions across ages (z=1.169 and z=1.795, respectively), older par- 293 
ticipants showed a drop in accuracy in the Spanish language context (z=2.957). We inter- 294 
pret this finding as a consequence of the greater training in (or increased exposure to) 295 
language switching of older participants. Importantly, the simple tests between the dif- 296 
ferent language contexts in the different age levels did not result significant (all z<1.1), 297 
suggesting that while the performance with the information processed only in Spanish 298 
varied with age, this did not yield differences between the language contexts. 299 
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Figure 2. Graphical representation of the parameter estimates of the significant fixed effect 300 
Level of Basque (upper left plot) and Day (upper right), and the Language*Age (lower left) and 301 
Day*Age (lower right) interactions. 302 

4. Discussion 303 
This study is, to the best of our knowledge, the first to explore the effects of language 304 

mixing in the memory for interlocutors’ biographical features or information. Participants 305 
were introduced to new persons who provided them with some personal information, 306 
closely resembling situations in which people meet for the first time. With just a single 307 
exposure to the avatars, participants remembered a significant amount of information, 308 
way above chance level, both right after the exposure phase and also one day after. Cru- 309 
cially, the data presented here clearly indicate that personal information conveyed in a 310 
strict one person-one language fashion was not better remembered than the same infor- 311 
mation provided in a language-switching scenario. When the individual differences in the 312 
linguistic profile of the bilingual children were considered, results demonstrated that their 313 
accuracy in both tasks increased as a function of their level of Basque (namely, better per- 314 
formance across languages when a higher Basque level was reported). More importantly, 315 
that the age of the participants (as a proxy for their exposure to language switching envi- 316 
ronments) modulated their performance in immediate recall and recognition (but not in 317 
delayed tasks) and diminished the differences between languages. 318 

The implications of this study are mostly twofold. Firstly, as this experiment resem- 319 
bled real-life situations in which new people are met for the first time, it could define the 320 
extent to which social categorization can follow language-based rules and how much this 321 
unconscious strategy can affect our daily interactions. Language mixing has been shown 322 
to make bilingual speakers’ languages less predictable during verbal exchanges (see [46]) 323 
and this, in turn, potentially makes the message less likely to be categorized. Language 324 
has also been shown to be an important cue for memory encoding and retrieval, and thus 325 
we expected the mixed condition to elicit worse performance as compared with single- 326 
language scenarios [54,56]). Following this rationale, we expected that information con- 327 
veyed in a single-language context would be easier to categorize and encode together with 328 
the speaker, and consequently, easier to remember as compared to a mixed-language sit- 329 
uation. We did not observe any differences in the memory performance of the children as 330 
a function of mixing languages when presenting the information. While a significant effect 331 



Brain Sci. 2021, 11, x FOR PEER REVIEW 9 of 14 
 

of age as a modulating factor of their performance with the information presented in Span- 332 
ish was found, it is worth noting that no differences between the language contexts were 333 
found in the omnibus tests nor as a consequence of the simple tests derived from the in- 334 
teraction. This absence of differences could be potentially explained by the linguistic pro- 335 
file of our participants and their relation with the languages used in the experiment. As 336 
discussed in the Introduction, the creation of categories helps us assimilate elements and 337 
information together, and as a consequence, between-category differences are accentuated 338 
while within-category differences are more easily ignored [68]. Social categories follow 339 
the same rationale, and memory differences have been reported when comparing “own” 340 
to “other” social groups [34,36], including social groups corresponding to similar lan- 341 
guage variations or accents [41]. In the case of our participants, however, both languages 342 
used by the avatars were their “own” ones, and they do not necessarily imply differences 343 
in other social, cultural, or origin features (note that both languages were acquired before 344 
the age of 3). Furthermore, the speaking avatars did not show any prototypical Basque or 345 
Spanish-related visual feature or appearance that could trigger specific language prefer- 346 
ence or choice [42], since the physical details were kept neutral and similar across speak- 347 
ers. Even in the scenario in which the languages were mixed, participants most probably 348 
categorized the speakers as intra-group members, as switching is a behaviour that bilin- 349 
gual speakers in bilingual communities often show spontaneously [3,69]. This could par- 350 
tially explain why recall and recognition processes for features presented in different lin- 351 
guistic contexts were unaffected by language mixing, both immediately after exposure 352 
and after a 24-hour delay. Alternatively, it is worth discussing the possibility that, because 353 
both languages were present during the encoding phase, our participants could have been 354 
set in a “bilingual mode” [70,71]. In such language-switching context, participants could 355 
have experienced truly monolingual and bilingual interactions similarly, diluting any po- 356 
tential effect of a given language or language combination during encoding. However, 357 
considering the astonishing capacity that bilingual speakers set in multilingual contexts 358 
have shown to correctly categorize and anticipate the language/s their interlocutors speak 359 
[43,46], we deem this explanation highly improbable. 360 

Secondly, the present findings add to and expand the previous evidence showing no 361 
detrimental effects of language mixing during learning across ages and contexts [57–59]. 362 
Language mixing has been actively avoided in formal bilingual schooling since it has been 363 
intuitively assumed that a switching context would harm learning. As a consequence of 364 
this scientifically ungrounded assumption, languages have been traditionally kept sepa- 365 
rated in learning contexts [72,73]. Recent evidence has shown that language mixing does 366 
not affect understating, encoding and future retrieval of conceptual information conveyed 367 
in a mixed language fashion [57–59], even if the underlying neural mechanisms involved 368 
in single- vs. dual-language exchanges are fundamentally different (see [74,75]). The pre- 369 
sent evidence generalizes previous evidence showing an absence of any detrimental im- 370 
pact of language mixing in conceptual learning and demonstrates that associative learning 371 
is not harmed by mixing languages either. Even though language switching has been re- 372 
peatedly shown to induce some cognitive cost in experimental settings [76,77], the avail- 373 
able educational evidence speaks for the full lack of detrimental effects of language alter- 374 
nation  [78–82]. In the absence of negative evidence relating language mixing and learn- 375 
ing, only the positive effects of freely using both languages in situations where they are 376 
contextually relevant and known to the speakers remain. Furthermore, the absence of neg- 377 
ative consequences of using two separate codes might also speak in favour of theories that 378 
consider the bilingual linguistic repertoire as an integrated system rather than two sepa- 379 
rate ones [83–85]. 380 

Certainly, this is solely a first step in a long journey to our understanding of how 381 
variations in linguistic contexts and participants’ profile interact with each during multi- 382 
lingual communication. Admittedly, the present findings can only be generalized to par- 383 
ticipants who are lifelong simultaneous and mostly balanced bilinguals. This kind of bi- 384 
linguals have been shown to be able to access translation equivalents at a minimal cost 385 
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[86,87] and to spontaneously switch from one language to another [3,69]. The question 386 
remains whether these effects would be replicated in a population with less mastery in at 387 
least one of the languages or with other language combinations. Importantly, future re- 388 
search should also bear in mind the different attitudes that individuals at test might have 389 
towards language mixing [88,89]. 390 

 391 
 392 
 393 
 394 
 395 
 396 

Author Contributions: Conceptualization, E.A. and J.A.D.; methodology, E.A. and J.A.D.; data col- 397 
lection E.A..; data analysis, E.A. and J.A.D.; writing—original draft preparation, E.A..; writing— 398 
review and editing, J.A.D.; supervision, J.A.D. All authors have read and agreed to the published 399 
version of the manuscript. 400 

Funding: This research has been partially funded by grants PGC2018-097145-B-I00 and RED2018- 401 
102615-T from the Spanish Government and H2019/HUM-5705 from the Comunidad de Madrid. 402 

Institutional Review Board Statement: The study was conducted according to the guidelines of the 403 
Declaration of Helsinki, and approved by the Ethics Committee of Universidad Antonio de Nebrija 404 
(protocol code UNNE-2020-007). 405 

Informed Consent Statement: Informed consent was obtained from all subjects involved in the 406 
study. 407 
Data Availability Statement: The authors confirm that the data supporting the findings of this 408 
study are available within the article, and data involving individual participants can be obtained 409 
upon reasonable request.  410 

Acknowledgments: The authors thank Olabide Ikastola school for their support and assistance dur- 411 
ing the data acquisition.  412 

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the 413 
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu- 414 
script, or in the decision to publish the results. 415 

References 416 

1.  Grosjean, F. Bilingual; Harvard University Press: Cambridge, MA and London, England, 2010; ISBN 9780674056459. 417 
2.  Crystal, D. The Cambridge Encyclopedia of the English Language; Cambridge University Press, 2018; 418 
3.  Auer, P. Code-Switching in Conversation; Routledge, 2013; 419 
4.  Gollan, T.H.; Ferreira, V.S. Should I stay or should I switch? A cost–benefit analysis of voluntary language switching in young 420 

and aging bilinguals. J. Exp. Psychol. Learn. Mem. Cogn. 2009, 35, 640–665, doi:10.1037/a0014981. 421 
5.  Milroy, L.; Muysken, P. One speaker, two languages : cross-disciplinary perspectives on code-switching; Cambridge University Press, 422 

1995; ISBN 9780521479127. 423 
6.  de Bruin, A.; Samuel, A.G.; Duñabeitia, J.A. Examining bilingual language switching across the lifespan in cued and 424 

voluntary switching contexts. J. Exp. Psychol. Hum. Percept. Perform. 2020, 46, 759–788, doi:10.1037/xhp0000746. 425 
7.  Whorf, B.L. Language, thought, and reality: selected writings of….(Edited by John B. Carroll.). 1956. 426 
8.  Bohnemeyer, J. Linguistic Relativity. In The Wiley Blackwell Companion to Semantics; Wiley, 2020; pp. 1–33. 427 
9.  Hunt, E.; Agnoli, F. The Whorfian Hypothesis: A Cognitive Psychology Perspective. Psychol. Rev. 1991, 98, 377–389, 428 

doi:10.1037/0033-295X.98.3.377. 429 
10.  Thierry, G. Neurolinguistic Relativity: How Language Flexes Human Perception and Cognition. Lang. Learn. 2016, 66, 690– 430 

713, doi:10.1111/lang.12186. 431 
11.  Costa, A.; Foucart, A.; Arnon, I.; Aparici, M.; Apesteguia, J. “Piensa” twice: On the foreign language effect in decision making. 432 

Cognition 2014, 130, 236–254, doi:10.1016/j.cognition.2013.11.010. 433 



Brain Sci. 2021, 11, x FOR PEER REVIEW 11 of 14 
 

12.  Costa, A.; Vives, M.; Corey, J.D. On Language Processing Shaping Decision Making. Curr. Dir. Psychol. Sci. 2017, 26, 146–151, 434 
doi:10.1177/0963721416680263. 435 

13.  Hayakawa, S.; Costa, A.; Foucart, A.; Keysar, B. Using a Foreign Language Changes Our Choices. Trends Cogn. Sci. 2016, 20, 436 
791–793. 437 

14.  Keysar, B.; Hayakawa, S.L.; An, S.G. The Foreign-Language Effect: Thinking in a Foreign Tongue Reduces Decision Biases. 438 
Psychol. Sci. 2012, 23, 661–668, doi:10.1177/0956797611432178. 439 

15.  Antón, E.; Soleto, N.B.; Duñabeitia, J.A. Recycling in babel: The impact of foreign languages in rule learning. Int. J. Environ. 440 
Res. Public Health 2020, doi:10.3390/ijerph17113784. 441 

16.  Athanasopoulos, P. Cognitive representation of colour in bilinguals: The case of Greek blues. Bilingualism 2009, 12, 83–95, 442 
doi:10.1017/S136672890800388X. 443 

17.  Roberson, D.; Davidoff, J.; Davies, I.R.L.; Shapiro, L.R. Color categories: Evidence for the cultural relativity hypothesis. Cogn. 444 
Psychol. 2005, 50, 378–411, doi:10.1016/j.cogpsych.2004.10.001. 445 

18.  Thierry, G.; Athanasopoulos, P.; Wiggett, A.; Dering, B.; Kuipers, J.R. Unconscious effects of language-specific terminology 446 
on preattentive color perception. Proc. Natl. Acad. Sci. U. S. A. 2009, 106, 4567–4570, doi:10.1073/pnas.0811155106. 447 

19.  Athanasopoulos, P.; Dering, B.; Wiggett, A.; Kuipers, J.R.; Thierry, G. Perceptual shift in bilingualism: Brain potentials reveal 448 
plasticity in pre-attentive colour perception. Cognition 2010, 116, 437–443, doi:10.1016/j.cognition.2010.05.016. 449 

20.  Gilbert, A.L.; Regier, T.; Kay, P.; Ivry, R.B. Support for lateralization of the Whorf effect beyond the realm of color 450 
discrimination. Brain Lang. 2008, 105, 91–98, doi:10.1016/j.bandl.2007.06.001. 451 

21.  Boutonnet, B.; Dering, B.; Viñas-Guasch, N.; Thierry, G. Seeing objects through the language glass. J. Cogn. Neurosci. 2013, 25, 452 
1702–1710, doi:10.1162/jocn_a_00415. 453 

22.  Jouravlev, O.; Taikh, A.; Jared, D. Effects of Lexical Ambiguity on Perception: A Test of the Label Feedback Hypothesis Using 454 
a Visual Oddball Paradigm. Artic. J. Exp. Psychol. Hum. Percept. Perform. 2018, doi:10.1037/xhp0000573. 455 

23.  Gleitman, L.; Papafragou, A. New Perspectives on Language and Thought. In The Oxford Handbook of Thinking and Reasoning; 456 
Oxford University Press, 2012 ISBN 9780199968718. 457 

24.  Papafragou, A.; Grigoroglou, M. The role of conceptualization during language production: evidence from event encoding. 458 
Lang. Cogn. Neurosci. 2019, 34, 1117–1128. 459 

25.  Ünal, E.; Papafragou, A. Evidentials, information sources and cognition. In The Oxford handbook of evidentiality; Oxford 460 
University Press, 2018; pp. 175–184. 461 

26.  Sloutsky, V.M. The role of similarity in the development of categorization. Trends Cogn. Sci. 2003, 7, 246–251. 462 
27.  Hall, G. Perceptual learning in human and nonhuman animals: A search for common ground. In Proceedings of the Learning 463 

and Behavior; Springer, 2009; Vol. 37, pp. 133–140. 464 
28.  Bornstein, M.H. Perceptual development: Stability and change in feature perception. Psychol. Dev. from infancy Image to Intent. 465 

1979, 37–81. 466 
29.  Bornstein, M.H.; Korda, N.O. Discrimination and matching within and between hues measured by reaction times: some 467 

implications for categorical perception and levels of information processing. Psychol. Res. 1984, 46, 207–222, 468 
doi:10.1007/BF00308884. 469 

30.  Liberman, A.M.; Harris, K.S.; Hoffman, H.S.; Griffith, B.C. The discrimination of speech sounds within and across phoneme 470 
boundaries. J. Exp. Psychol. 1957, 54, 358–368, doi:10.1037/h0044417. 471 

31.  Bodenhausen, G. V; Kang, S.K.; Peery, D. Social categorization and the perception of social groups. Sage Handb. Soc. Cogn. 472 
2012, 318–336. 473 

32.  Kawakami, K.; Amodio, D.M.; Hugenberg, K. Intergroup Perception and Cognition: An Integrative Framework for 474 
Understanding the Causes and Consequences of Social Categorization. In Advances in Experimental Social Psychology; 475 



Brain Sci. 2021, 11, x FOR PEER REVIEW 12 of 14 
 

Academic Press Inc., 2017; Vol. 55, pp. 1–80. 476 
33.  Allport, G.W.; Clark, K.; Pettigrew, T. The nature of prejudice. 1954. 477 
34.  Meissner, C.A.; Brigham, J.C. Thirty Years of Investigating the Own-Race Bias in Memory for Faces: A Meta-Analytic Review. 478 

Psychol. Public Policy, Law 2001, 7, 3–35. 479 
35.  Hills, P.J. A developmental study of the own-age face recognition bias in children. Dev. Psychol. 2012, 48, 499–508, 480 

doi:10.1037/a0026524. 481 
36.  Palmer, M.A.; Brewer, N.; Horry, R. Understanding gender bias in face recognition: Effects of divided attention at encoding. 482 

Acta Psychol. (Amst). 2013, 142, 362–369, doi:10.1016/j.actpsy.2013.01.009. 483 
37.  Rhodes, M.G.; Anastasi, J.S. The own-age bias in face recognition: A meta-analytic and theoretical review. Psychol. Bull. 2012, 484 

138, 146–174, doi:10.1037/a0025750. 485 
38.  Wright, D.B.; Sladden, B. An own gender bias and the importance of hair in face recognition. Acta Psychol. (Amst). 2003, 114, 486 

101–114. 487 
39.  Kinzler, K.D.; Dupoux, E.; Spelke, E.S. The native language of social cognition. Proc. Natl. Acad. Sci. U. S. A. 2007, 104, 12577– 488 

12580, doi:10.1073/pnas.0705345104. 489 
40.  Pietraszewski, D.; Schwartz, A. Evidence that accent is a dedicated dimension of social categorization, not a byproduct of 490 

coalitional categorization. Evol. Hum. Behav. 2014, 35, 51–57, doi:10.1016/j.evolhumbehav.2013.09.005. 491 
41.  Rakić, T.; Steffens, M.C.; Sazegar, A. Do People Remember What Is Prototypical? The Role of Accent–Religion 492 

Intersectionality for Individual and Category Memory. J. Lang. Soc. Psychol. 2020, 39, 476–494, doi:10.1177/0261927X20933330. 493 
42.  Blanco-Elorrieta, E.; Pylkkänen, L. Brain bases of language selection: MEG evidence from Arabic-English bilingual language 494 

production. Front. Hum. Neurosci. 2015, 9, doi:10.3389/fnhum.2015.00027. 495 
43.  Molnar, M.; Ibáñez-Molina, A.; Carreiras, M. Interlocutor identity affects language activation in bilinguals. J. Mem. Lang. 2015, 496 

81, 91–104, doi:10.1016/j.jml.2015.01.002. 497 
44.  Hartsuiker, R.J. Visual cues for language selection in bilinguals. In Attention and Vision in Language Processing; Springer India, 498 

2015; pp. 129–145 ISBN 9788132224433. 499 
45.  Woumans, E.; Martin, C.D.; Bulcke, C. Vanden; Van Assche, E.; Costa, A.; Hartsuiker, R.J.; Duyck, W. Can faces prime a 500 

language? Psychol. Sci. 2015, 26, 1343–1352, doi:10.1177/0956797615589330. 501 
46.  Martin, C.D.; Molnar, M.; Carreiras, M. The proactive bilingual brain: Using interlocutor identity to generate predictions for 502 

language processing. Sci. Rep. 2016, 6, doi:10.1038/srep26171. 503 
47.  Hayes, B.K.; Heit, E.; Rotello, C.M. Memory, reasoning, and categorization: parallels and common mechanisms. Front. Psychol. 504 

2014, 5, 529, doi:10.3389/fpsyg.2014.00529. 505 
48.  Nosofsky, R.M.; Little, D.R.; James, T.W. Activation in the neural network responsible for categorization and recognition 506 

reflects parameter changes. Proc. Natl. Acad. Sci. U. S. A. 2012, 109, 333–338, doi:10.1073/pnas.1111304109. 507 
49.  Lewandowsky, S. Working Memory Capacity and Categorization: Individual Differences and Modeling. J. Exp. Psychol. Learn. 508 

Mem. Cogn. 2011, 37, 720–738, doi:10.1037/a0022639. 509 
50.  Craig, S.; Lewandowsky, S. Whichever way you choose to categorize, working memory helps you learn. Q. J. Exp. Psychol. 510 

2012, 65, 439–464, doi:10.1080/17470218.2011.608854. 511 
51.  Erten, I.H.; Tekin, M. Effects on vocabulary acquisition of presenting new words in semantic sets versus semantically 512 

unrelated sets. System 2008, 36, 407–422, doi:10.1016/j.system.2008.02.005. 513 
52.  Finkbeiner, M.; Nicol, J. Semantic category effects in second language word learning. Appl. Psycholinguist. 2003, 24, 369–383, 514 

doi:10.1017.S0142716403000195. 515 
53.  Alanís, I. A Texas Two-way Bilingual Program: Its Effects on Linguistic and Academic Achievement. Biling. Res. J. 2000, 24, 516 

225–248, doi:10.1080/15235882.2000.10162763. 517 



Brain Sci. 2021, 11, x FOR PEER REVIEW 13 of 14 
 

54.  Ferré, P.; Comesaña, M.; Guasch, M. Emotional content and source memory for language: Impairment in an incidental 518 
encoding task. Front. Psychol. 2019, 10, 65, doi:10.3389/fpsyg.2019.00065. 519 

55.  Marian, V.; Fausey, C.M. Language-dependent memory in bilingual learning. Appl. Cogn. Psychol. 2006, 20, 1025–1047, 520 
doi:10.1002/acp.1242. 521 

56.  Schroeder, S.R.; Marian, V. Bilingual episodic memory: How speaking two languages influences remembering. In Foundations 522 
of Bilingual Memory; Springer New York, 2014; pp. 113–132 ISBN 9781461492184. 523 

57.  Antón, E.; Thierry, G.; Goborov, A.; Anasagasti, J.; Duñabeitia, J.A. Testing Bilingual Educational Methods: A Plea to End the 524 
Language-Mixing Taboo. Lang. Learn. 2016, doi:10.1111/lang.12173. 525 

58.  Antón, E.; Thierry, G.; Duñabeitia, J.A. Mixing languages during learning? Testing the one subject-one language rule. PLoS 526 
One 2015, doi:10.1371/journal.pone.0130069. 527 

59.  Antón, E.; Thierry, G.; Dimitropoulou, M.; Duñabeitia, J.A. Similar Conceptual Mapping of Novel Objects in Mixed- and 528 
Single-Language Contexts in Fluent Basque-Spanish Bilinguals. Lang. Learn. 2020, doi:10.1111/lang.12397. 529 

60.  Bates, D.; Mächler, M.; Bolker, B.; Walker, S. Fitting linear mixed-effects models using lme4. arXiv Prepr. arXiv1406.5823 2014. 530 
61.  R Core Team R: A Language and Environment for Statistical Computing 2020. 531 
62.  Fox, J.; Weisberg, S. An R companion to applied regression; Sage publications, 2018; 532 
63.  Lenth, R. V emmeans: Estimated Marginal Means, aka Least-Squares Means 2021. 533 
64.  Barr, D.J.; Levy, R.; Scheepers, C.; Tily, H.J. Random effects structure for confirmatory hypothesis testing: Keep it maximal. 534 

J. Mem. Lang. 2013, 68, 255–278, doi:10.1016/j.jml.2012.11.001. 535 
65.  Barton, K. MuMIn: Multi-Model Inference 2020. 536 
66.  Project, T.J. jamovi. (Version 1.6) [Computer Software]. Available online: https://www.jamovi.org/ (accessed on Apr 29, 2021). 537 
67.  Gallucci, M. GAMLj: General Analyses for the Linear Model in Jamovi Available online: https://gamlj.github.io/ (accessed on 538 

Apr 29, 2021). 539 
68.  Knippenberg, A.; Twuyver, M.; Pepels, J. Factors affecting social categorization processes in memory. Br. J. Soc. Psychol. 1994, 540 

33, 419–431, doi:10.1111/j.2044-8309.1994.tb01038.x. 541 
69.  de Bruin, A.; Samuel, A.G.; Duñabeitia, J.A. Voluntary language switching: When and why do bilinguals switch between 542 

their languages? J. Mem. Lang. 2018, 103, 28–43, doi:10.1016/J.JML.2018.07.005. 543 
70.  Grosjean, F. The bilingual’s language modes. In The Bilingualism Reader; Routledge, 2020; pp. 428–449. 544 
71.  Grosjean, F. Studying bilinguals: Methodological and conceptual issues. Biling. Lang. Cogn. 1998, 1, 131–149, 545 

doi:10.1017/s136672899800025x. 546 
72.  Cummins, J. A proposal for action: Strategies for recognizing heritage language competence as a learning resource within 547 

the mainstream classroom. Mod. Lang. J. 2005, 585–592. 548 
73.  Lin, A. Classroom code-switching: three decades of research. Appl. Linguist. Rev. 2013, 4, 195–218, doi:10.1515/applirev-2013- 549 

0009. 550 
74.  Fernandez, C.B.; Litcofsky, K.A.; Van Hell, J.G. Neural correlates of intra-sentential code-switching in the auditory modality. 551 

2018, doi:10.1016/j.jneuroling.2018.10.004. 552 
75.  Pérez, A.; Duñabeitia, J.A. Speech perception in bilingual contexts: Neuropsychological impact of mixing languages at the 553 

inter-sentential level. J. Neurolinguistics 2019, 51, 258–267, doi:10.1016/j.jneuroling.2019.04.002. 554 
76.  Thomas, M.S..; Allport, A. Language Switching Costs in Bilingual Visual Word Recognition. J. Mem. Lang. 2000, 43, 44–66, 555 

doi:10.1006/JMLA.1999.2700. 556 
77.  Gullifer, J.W.; Kroll, J.F.; Dussias, P.E. When language switching has no apparent cost: Lexical access in sentence context. 557 

Front. Psychol. 2013, 4, 278. 558 
78.  Hartanto, A.; Yang, H. Disparate bilingual experiences modulate task-switching advantages: A diffusion-model analysis of 559 



Brain Sci. 2021, 11, x FOR PEER REVIEW 14 of 14 
 

the effects of interactional context on switch costs. Cognition 2016, 150, 10–19, doi:10.1016/j.cognition.2016.01.016. 560 
79.  Baker, C. Foundations of bilingual education and bilingualism; Multilingual matters, 2011; 561 
80.  Baker, D.L.; Park, Y.; Baker, S.K.; Basaraba, D.L.; Kame’Enui, E.J.; Beck, C.T. Effects of a paired bilingual reading program 562 

and an English-only program on the reading performance of English learners in Grades 1--3. J. Sch. Psychol. 2012, 50, 737– 563 
758. 564 

81.  García, O.; Wei, L. Language, bilingualism and education. In Translanguaging: Language, bilingualism and education; Springer, 565 
2014; pp. 46–62. 566 

82.  García, O. Bilingual education in the 21st century: A global perspective; John Wiley & Sons, 2011; 567 
83.  Canagarajah, S. Codemeshing in Academic Writing: Identifying Teachable Strategies of Translanguaging. Mod. Lang. J. 2011, 568 

95, doi:10.1111/j.1540-4781.2011.01207.x. 569 
84.  Cenoz, J.; Gorter, D. Minority languages and sustainable translanguaging: threat or opportunity? J. Multiling. Multicult. Dev. 570 

2017, 38, 901–912, doi:10.1080/01434632.2017.1284855. 571 
85.  López, L. Bilingual Grammar; Cambridge University Press, 2020; 572 
86.  Duñabeitia, J.A.; Dimitropoulou, M.; Uribe-Etxebarria, O.; Laka, I.; Carreiras, M. Electrophysiological correlates of the 573 

masked translation priming effect with highly proficient simultaneous bilinguals. Brain Res. 2010, 1359, 142–154, 574 
doi:10.1016/j.brainres.2010.08.066. 575 

87.  Duñabeitia, J.A.; Perea, M.; Carreiras, M. Masked translation priming effects with highly proficient simultaneous bilinguals. 576 
Exp. Psychol. 2010, 57, 98–107, doi:10.1027/1618-3169/a000013. 577 

88.  Badiola, L.; Delgado, R.; Sande, A.; Stefanich, S. Code-switching attitudes and their effects on acceptability judgment tasks. 578 
Linguist. Approaches to Biling. 2018, 8, 5–24, doi:10.1075/lab.16006.bad. 579 

89.  Stefanich, S.; Cabrelli, J.; Hilderman, D.; Archibald, J. The Morphophonology of Intraword Codeswitching: Representation 580 
and Processing. Front. Commun. 2019, 4, 54, doi:10.3389/fcomm.2019.00054. 581 

 582 


