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Recent pedagogical trends have seen a revival in language-mixing in CLIL contexts, 
thereby challenging the traditional ‘one subject-one language’ approach. From a 
cognitive standpoint, recent research indicates that the disadvantages of language 
mixing may not be as significant as previously thought. This is further supported by 
studies showing no negative effects of language-mixing on immediate memory 
recall in CLIL pupils. Using an Old/New recognition task design, participants in 
the present study had to differentiate between previously defined concepts and 
new ones in three different language contexts (i.e., single-language L1; single-
language L2 and a mixed context). We also accounted for delayed recall with a 
second test phase 36 hours after the first one. Response times and accurate recall 
scores were retained for further analysis. Our findings reveal a nuanced picture: 
we found that mixed-language input negatively impacts immediate and delayed 
recall of information compared to L1 input. However, mixed-language input also 
brings about better recall of information compared to L2 input. It seems that 
language-mixing thus partly mitigates the disadvantage in auditory recall that 
occurs in a single-language L2 context. Overall, these results suggest a need to 
reconsider the effects of language-mixing on memory and, consequently, nuance 
its role in CLIL practices.
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1 Introduction

The presence of multiple languages within the same context (hereinafter referred to as 
language-mixing), is an integral and highly relatable phenomenon in multilinguals’ daily lives. 
Language-mixing situations occur, for instance, when multilinguals freely use multiple 
languages in a single conversation. Despite the prevalence of language-mixing in daily life, 
many actors in charge of (multilingual) education (including policymakers, school boards and 
teachers) tend to adhere to a strict ‘one subject, one language’-rule in the classroom (Antón 
et al., 2016; Wei, 2018). As a result, the influence of language-mixing on learning outcomes in 
the context of education remains largely unclear. In the present study, we aim to remedy this 
gap in the current literature by conducting an Old/New experiment with children enrolled in 
a French-Dutch multilingual program in Belgium. During that experiment, the pupils were 
asked to recall if certain items had been defined during a previous input phase or not. This 
experimental design allowed us to gain insight in pupils’ ability to accurately recall information 
gathered in single-language and mixed-language contexts. Indeed, within this experiment, a 
distinction was made between input contexts where definitions were given in only one 
language, and another context where definitions were provided in a mix of two languages.
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1.1 Language-mixing in multilingual 
education

Despite its prevalence in multilinguals’ daily experiences, 
language-mixing has traditionally not been viewed positively in 
education, with most (multilingual) programs adhering to a strict 
separation of the main language of instruction and the target 
language of certain courses (San Isidro and Lasagabaster, 2019). 
One of the underlying reasons behind this linguistic segregation 
was the assumption that the presence of language-mixing in 
pupils’ oral productions (as described by Poplack, 1980) 
represented a symptom of insufficient language proficiency 
(Reyes, 2004). This postulate and its subsequent ‘one subject, one 
language’-rule already prevailed during the inception of the very 
first multilingual programs (Lambert et al., 1973).

Similarly to those multilingual programs, the Content and 
Language Integrated Learning (CLIL) approach is described as “a 
generic term to describe all types of provision in which a second 
language (a foreign, regional or minority language and/or another 
official state language) is used to teach certain subjects in the 
curriculum other than languages lessons themselves” (European 
Commission, 2006, p.  8). As such, it does not feature explicit 
language instruction, but rather functions with an additional 
language to the main school language, as the medium of instruction 
(i.e., the CLIL language) within specific subjects to acquire content 
knowledge (e.g., subject-specific vocabulary or discourse). From its 
onset, recommendations regarding CLIL education hinted at the 
fact that CLIL should not refuse the use of both the first language 
and an additional language in the learning context (Marsh, 2013), 
thus aiming to break this ‘one subject, one language’-rule used in 
previous forms of multilingual education. Moreover, it was noted 
that CLIL has the potential to set itself apart from traditional 
immersion models by adopting a more flexible and balanced 
approach to incorporating the students’ first language in its lessons 
(Lin, 2015). Therefore, CLIL should not strictly separate the first 
and the CLIL language, but rather embrace a multilingual pedagogy 
featuring fluid language practices (Garcia and Flores, 2012) in order 
to achieve its pedagogical objectives. Following these 
recommendations, subsequent studies have further theorized and 
observed the use of language-mixing, either described as code-
switching (Poplack, 1980) or translanguaging (Williams, 1994), in 
the literature. While the distinction between these terms falls 
outside of the present study’s scope, most of the studies pertaining 
to these forms of language-mixing endorse its inclusion in 
multilingual education practices (e.g., Nikula and Moore, 2019; 
Cenoz and Gorter, 2022).

Yet, even though recent theoretical discussions surrounding 
multilingual education have highlighted the importance of the first 
language in learning additional languages (e.g., Nikula and Moore, 
2019; Cenoz and Gorter, 2022), ideologies that emphasize using 
only one language per subject still largely prevail in practice and 
policy, as well as in evaluating learning outcomes (Wei, 2018). One 
of the possible reasons underlying this reluctance to the 
implementation of language-mixing in the classroom, might be a 
lack of evidence for its effect on learning outcomes. Indeed, 
systematic reviews (Prilutskaya, 2021; Lu et al., 2023) report that 
the foci of the existing literature mainly pertained to the attitudes 
of students and teachers toward language-mixing (e.g., Zhou and 

Mann, 2021; Serra and Feijoo, 2022; Sahan et al., 2022), as well as 
the forms it adopts and the function it serves (e.g., Lialikhova, 2019; 
San Isidro and Lasagabaster, 2019; Papaja and Wysocka-Narewska, 
2020). The importance of their findings is certainly not to 
be dismissed, as they show that language-mixing increases student 
attention and participation in the classroom (Tai and Wei, 2021), 
especially in the case of learners with low CLIL language proficiency 
(Domalewska, 2017). That being said, the aforementioned reviews 
also report a notable gap in quantitative research examining these 
practices (Lu et al., 2023, p. 15). This could, in part at least, be due 
to the fact that classroom contexts vary a lot and have numerous 
factors at play simultaneously, which makes it difficult to assess 
practices in a quantitative manner. Nevertheless, the lack of 
(quantitative) assessment of language-mixing practices leaves us 
with very limited knowledge on their potential impact on learning. 
Our goal in the present study is to isolate and observe language-
mixing specifically through the use of an experimental design. This 
allows us to test its effects in a more controlled context, compared 
to, for instance, classroom observations. Before expanding further 
on the design, let us first turn to the impact of language-mixing on 
cognitive functions in order to unravel the underlying mechanisms 
at play.

1.2 Language-mixing from a cognitive 
standpoint

From a cognitive standpoint, the presence of multiple languages 
within the same context could lead to increased interference between 
languages in terms of both comprehension and production 
(Christoffels et al., 2007; Green and Abutalebi, 2013). The processes 
our brains use to mitigate this cross-language interference (Costa 
et al., 2000; Hoshino and Kroll, 2008; Meade et al., 2017) and allow for 
managing multiple languages and switching between them is referred 
to as language control (Declerck and Koch, 2023). The potential 
cognitive costs that arise from these additional control processes are 
known as mixing costs (e.g., de Bruin et al., 2020; Declerck et al., 2021; 
Ma et  al., 2016). In other words, mixing costs reflect worse 
performance in (the language repetition trials of) mixed-language 
contexts relative to single language contexts (across L1 and L2 trials), 
due to the cognitive cost of having to maintain multiple languages at 
the same time (e.g., Declerck, 2020). These mixing costs are typically 
reported in studies examining language production (most often by 
means of a picture- or digit-naming task), although the reported 
results are largely dependent on the nature of the instructions. In fact, 
when participants have to name the images in a language which is 
indicated, for instance, by a flag of that language’s country (i.e., a cued 
picture-naming task), mixing costs appear to be a very robust finding. 
On the contrary, when participants are able to freely choose the 
language in which they will name the picture (i.e., a voluntary picture-
naming task), they usually experience a mixing benefit (e.g., de Bruin 
et al., 2020; Grunden et al., 2020). In other words, the participants’ 
performances on the task increase in the mixed-language context 
relative to the single-language contexts in the L1 or the L2 when the 
choice of language that is being used is voluntary. This confirms the 
hypothesis that the cognitive demands involved in language control 
are context-dependent. Following this reasoning, the adaptive control 
hypothesis (Green and Abutalebi, 2013), distinguishes three 
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interactional contexts with different implementations of 
language control:

 • A single-language context “in which one language is used in one 
environment and the other in a second distinct environment” 
(p. 513). When applied to a classroom context, this reflects the 
traditional, ‘one subject, one language’ pedagogy.

 • A dual language context “in which both languages are used but 
typically with different speakers” (p. 513). This could be the case 
in a CLIL co-teaching environment, wherein one teacher speaks 
the first language and the other teacher speaks the CLIL language.

 • A dense code-switching context “in which speakers routinely 
interleave their languages in the course of a single utterance and 
adapt words from one of their languages in the context of the 
other” (p. 513). This context would then echo the fluid language 
practices of the language-mixing approach to 
multilingual education.

According to this hypothesis, it is actually the latter context in 
which control processes are the least required. This is mainly attributed 
to the assumption that languages function in a co-operative 
relationship in a dense code-switching context, instead of in 
competition with one another as is the case in the other two contexts 
(Green and Abutalebi, 2013). Because of this lesser need for language 
control when languages function in co-operation, we  expect less 
mixing costs or even mixing benefits in dense switching contexts 
compared to the other two contexts in which languages compete with 
one another. This further underscores the value of a language-mixing 
approach from a cognitive standpoint.

The existing body of studies investigating mixing costs and 
benefits in comprehension is scarcer and reported findings are less 
conclusive. One study examined the influence of language-mixing on 
comprehension (Declerck et al., 2019) through the use of a number 
categorization tasks (i.e., indicating whether a number is even/odd or 
larger/smaller than 5 and 6). The participants were presented with 
series of number words either in one language (i.e., single-language 
blocks) or both languages (mixed-language blocks). They reported 
no mixing costs in the participants’ performance (reaction times and 
error rates), except when including language pairs with a high 
cognate rate (i.e., words that share both phonological form and 
meaning across a language pair, as is the case for ‘animal’ in English 
(/ˈænɪməl/) and French (/aniˈmal/); Proctor and Mo, 2009), namely 
French and Spanish. However, the absence of mixing costs or benefits 
in other language combinations were not related to the number task 
specifically (which could have been the case according to Declerck 
et  al., 2012), as no mixing costs were found in a subsequent 
experiment that relied on an animacy task instead of the parity and 
magnitude tasks.

Although most of the language mixing literature has focused on 
production and, to a lesser extent, on comprehension, a couple of 
studies also investigated the potential cognitive costs of language-
mixing on recall of information in the context of education. In Antón 
et  al. (2015), Spanish-Basque speaking participants had to learn 
features of unfamiliar objects in both a single-language L1 and a 
mixed-language context. Although no significant differences were 
observed between both contexts, all the participants in their study 
were perfectly balanced and simultaneous bilinguals, which is not 
representative of most bilingual individuals or communities (Antón 

et al., 2016). To remedy this limitation, they relied on unbalanced 
(Russian-English) bilingual pupils who followed CLIL at school in a 
follow-up study (Antón et  al., 2016). Despite their unbalanced 
proficiency in both languages, the exposure of these participants to 
both languages of instruction was equal. In this study, the participants 
were first exposed to auditory input comprised of definitions for 
everyday concepts in either single-language Russian (i.e., their L1) or 
a mix of both Russian and English (in a counterbalanced order). After 
having heard all 14 definitions in one context, they were shown 28 
images. Half of the images represented the objects which had been 
defined during the input phase, the other half represented new items. 
Participants had to accurately recall if the object at hand had been 
defined during the input phase or not. Afterwards, they would 
be exposed to 14 definitions and 28 images in the other context and 
repeated the same recall test. Again, no differences were found in the 
pupils’ performance of the task in terms of accurate (immediate) recall 
and response times between both language contexts. This led them to 
conclude that similar outcomes in recall can be  obtained when 
languages are mixed compared to when they are kept separated. 
However, given the specific type of CLIL in which these participants 
were enrolled with an equal exposure rate to both languages, the 
question remained unanswered, if these findings could be generalized 
to settings with dissimilar rates of exposure to both instruction 
languages in a CLIL curriculum.

1.3 Present study and research questions

Although previous studies by Antón et al. (2015, 2016) form a 
reference point for investigating language-mixing quantitatively in 
education, they also present some opportunities to delve further into 
this topic, which is exactly what we will do in the current study. The 
first opportunity pertains to the exposure rate to the CLIL language 
of the participants. Although their follow-up study included 
unbalanced bilinguals (Antón et  al., 2016), these pupils still had 
perfectly balanced exposure to their first language and the CLIL 
language at school. This is not representative of all CLIL contexts and 
leaves us unknowing whether these results could be replicated with 
pupils in a school context that provides unbalanced (and thus less) 
exposure to the CLIL language. Secondly, their single-language 
context focused on the pupils’ first language, which does not make 
for a clear comparison between mixed-language classes and CLIL 
courses in which single-language teaching takes place in the CLIL 
language only. Thirdly, their Old/New-task design only accounted for 
immediate recall, with no indications of long(er)-term effects of 
language-mixing on memory recall. Given the fact that evaluations 
in the classroom do not (only) take place immediately after learning, 
delayed recall abilities are also of great importance. In order to tackle 
these additional questions, we  firstly recruited participants with 
unbalanced exposure to their first and CLIL language at school. 
Indeed, our participants have 70% exposure to French (i.e., their first 
language) and 30% to Dutch (their CLIL language) throughout their 
weekly classes. Secondly, in addition to the single-language condition 
in the first language and the mixed-language condition, we added a 
single-language condition in the CLIL language (L2). Finally, 
we expanded on the initial design of Antón and colleagues with a 
delayed recall test, which took place 36 h (on average) after the initial 
immediate recall test.
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TABLE 1 Mean and standard deviations for the background variables of 
the recruited participants (SES represents a score out of 7). Unfortunately 
some questionnaire data got lost for the age and SES variables.

n M SD

Gender 29 18 female

Age 21 13,17 0,54

SES 20 5,25 0,85

French Lextale 29 75,12 % 8,86 %

Dutch Lextale 29 53,41 % 5,64 %

With these design modifications in mind, our main investigation 
of the effect of language-mixing in education on learning can 
be broken down into the following research questions:

 1 Can the previously reported absence of mixing costs in 
memory recall (cf. Antón et al., 2015, 2016), by comparing 
performance in a mixed-language context to a single-language 
context in their first language, be replicated with CLIL students 
who have unbalanced exposure to both instruction languages 
at school?

 2 How do recall abilities in a mixed-language context compare to 
a single-language context in the CLIL language (L2)?

 3 What are the consolidation effects of mixed-language input, 
relative to single language input, over time for recall 
of information?

Given the fact that our participants have less exposure to the CLIL 
language (L2) in their program compared to the pupils included in 
previous studies (30% vs. 50%), we assume that they would have had 
fewer opportunities to practice recalling input in that language. As a 
result, we expect this lower school exposure to the second language to 
have a negative impact on performance in the mixed-language 
condition of our recall experiment, which taps into a skill that is 
specifically practiced within a school setting. Therefore, if L2 school 
exposure indeed turns out to be the crucial factor here, we expect 
better performance in the L1 condition compared to the mixed 
condition (RQ 1) and, similarly, better recall in the mixed condition 
compared to the L2 condition as well (RQ2). As far as the time effect 
is concerned (RQ 3), a general decrease in recall performance is to 
be expected over time across conditions; a decrease which we expect 
to be even steeper in the two conditions containing L2 input, if school 
exposure is not only the relevant factor for understanding mixing 
costs and benefits, but also for consolidation effects. However, due to 
the lack of previous findings in delayed recall, this hypothesis is 
largely explorative.

2 Materials and methods

2.1 Participants and research context

All participants were recruited from two different schools in 
Wallonia (i.e., the French-speaking part of Belgium). In this region, 
CLIL courses may be taught in Dutch, English or German and do not 
exceed 40% of the total curriculum in secondary education (Mettewie 
and Van Mensel, 2023). The remaining courses are provided in their 
first language (i.e., French). Additionally, there are no official formal 
requirements for pupils to comply to in order to enroll (European 
Commission, 2006). Both schools we recruited our participants from 
were French-speaking and offer a Dutch-speaking CLIL program. The 
courses taught in Dutch in the selected schools represent 31% (i.e., 
10 h) of the participants’ weekly classes.

All participants were native French speakers in their first or 
second year of secondary education (17 first-year pupils, mean 
age = 13.17 years old) and had no prior experience with CLIL. This 
information has been collected through an adapted version of the 
Leap-Q Questionnaire (aimed at identifying an individual’s language 
experience and proficiency, see Marian et al., 2007 for further details) 

which was sent to the parents. The questionnaire also included 
questions about the level of education of the participants’ mothers as 
a proxy for their socioeconomic status (Harding et al., 2015), as well 
as potential language and/or learning impairments. Moreover, the 
participants completed a Lextale task in both French (Brysbaert, 2013) 
and Dutch (Lemhöfer and Broersma, 2012) prior to partaking in the 
actual experiment in order to account for their proficiency in both 
their first and the CLIL language. Means and standard deviations of 
those background variables can be found in Table 1. Participants and 
their parents were fully informed about the nature of the study, and 
written consent was obtained from both the participants and 
their parents.

2.2 Materials and procedure

In an effort to replicate Antón et al. (2016)‘s design as accurately 
as possible, our experiment featured an Old/New task design too, 
which was built in PsychoPy (Version 2023.2.3) and subsequently 
administered using a computer. In order to increase the ecological 
validity of the experiment, participants completed the task in their 
usual classroom during one of the CLIL courses. The experiment 
started with written instructions. The instructions were also explained 
orally to the participants. The task itself included two phases: an input 
phase, followed by a test phase. During the input phase, participants 
heard 14 definitions of concrete nouns (e.g., a car) retrieved from a 
high frequency list in French (Liste de fréquence lexicale, 2023) 
(average frequency = 188.97 occurrences per 1 million words, 
according to Gimenes and New, 2016). Every definition is comprised 
of two characteristics expressed in 3–8 words each (e.g.: “it is used for 
transportation” and “it has four wheels and an engine” for the word 
‘car’). In creating the definitions, we avoided the use of homophones, 
homographs and cognates as much as possible. Each definition was 
followed by a blank screen of 500 ms before the next trail was 
presented. It bears noting that the participants were only exposed to 
auditory input during this phase. All definitions were recorded by the 
same bilingual speaker with a native command of both French and 
Dutch. After having heard the 14 definitions, the test phase started. In 
this second phase, participants were shown 28 unique image pairs. 
Each pair represented one concept (e.g., two images of different cars), 
and these pairs were shown in a random sequence. Images were 
retrieved from copyright-free databases and selected according to 
their accurate representation of the target nouns. For each image pair, 
they had to identify whether the item at hand had been defined during 
the input phase (i.e., an ‘old’ item) or not (i.e., a ‘new’ item). This was 
done by means of a keyboard response: ‘y’ for old items and ‘n’ for new 
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items (on an azerty keyboard). The new items were also frequent 
nouns which we retrieved from the same list as the ones selected for 
the input phase (115.29 occurrences per 1 million words, according to 
Gimenes and New, 2016). This test phase (including the same image 
pairs, albeit in a different random order), but not the input phase, was 
repeated the next day in order to account for delayed recall.

The same procedure is applied to all three of the language contexts 
of the experiment. The first is the single-language L1 context for which 
both features of every definition were recorded in French (e.g., “on s’en 
sert pour se déplacer” and “a quatre roues et un moteur” for the word 
‘voiture’ (car)). For the Mixed-Language (ML) context, one feature of 
every definition remained in French, whereas the other was translated 
to Dutch (e.g., “on s’en sert pour se déplacer” and “heeft vier wielen en 
een motor”). Thirdly, the newly added single-language (L2) context 
consisted of two features entirely in Dutch (e.g., “wordt gebruikt om 
zich te verplaatsen” and “heeft vier wielen en een motor”). We created 
a distinct set of 14 orally recorded definitions and 28 image pairs for 
every condition. This thus resulted in a total of 42 defined concepts 
and 84 image pairs (see Appendix 3). Each set of stimuli was assigned 
to a context in a counter-balanced order. Similarly, all participants have 
been exposed to all three language contexts (i.e., L1, L2 and mixed) in 
a single day in a counter-balanced order. A break of 60 s was built in 
between each context. The experiment (including oral instructions) 
lasted around an hour on the first day and 30 min on the second day.

2.3 Data analysis

The participants’ response times and accurate recall abilities (in 
terms of percentage of hits and false alarms) were collected. 
Furthermore, the response times’ means and standard deviations were 
calculated for correct trials on old and new items separately for every 
language context at both time points in order to exclude outliers in the 
reaction time analysis. Subsequently, any trial exceeding the lower 
(500 ms) or upper (M + 2 * SD) limit has been removed for every 
language context at each timepoint (4.30% of the data). In terms of 
accurate recall, we used binary coding with correct responses coded 
as ‘1’ and incorrect responses as ‘0’. Based on these values, d’ was 
calculated based on the Z-score of the proportions of hits (i.e., correct 
responses to old items) minus the Z-score of the proportion of false 
alarms (i.e., incorrect responses to new items). This value used for 
accurate recall presents the advantage of combining both the hit and 
false alarms rate in a single composite measure. Additionally, using 
this measure allows for a better comparison with previous studies, 
since it has also been used by Antón et al. (2016).

In order to measure the effects of language-mixing on recall 
abilities (both immediately and over time), a linear mixed model 
analysis was performed in R (version 4.3.3) using the lme4 package 
(Bates et  al., 2015). The participants’ accurate recall values were 
computed as the dependent variable, while Time (coded as 
“immediate” vs. “delayed”; “immediate” being the reference) and 
language context (coded as “ML” vs. “L1” vs. “L2”; “ML” being the 
reference) were added as fixed effects. The model was fully randomized 
where possible by including random intercepts for the variance 
between participants on the one hand and items on the other hand. In 
the case of the response times, the same set of fixed and random effects 
were used in a linear mixed-effect analysis for correct responses to old 
items only. By considering correct responses only, we eliminate the 

variability introduced by incorrect guesses, which could have skewed 
the results. Moreover, this approach allowed us to more precisely 
measure the cognitive processes involved in recognizing previously 
encountered items, providing a clearer understanding of performance 
in memory recall. The descriptive statistics of the variables as well as 
the results from the analyses can be found below.

3 Results

The descriptive statistics for both accurate recall scores (d’) and 
response times can be found in Tables 2, 3, respectively. A subsequent 
linear mixed-effects model analysis was conducted to examine the 
effects of language context (i.e., ML vs. L1 and ML vs. L2) and Time 
(immediate vs. delayed recall) (see Table 4). Additionally, a similar 
analysis was run with the response times of correct trials for Old Items 
as the dependent variable (see Table 5).

3.1 Performance in language-mixing vs. L1

The linear mixed-effects model confirmed that there is a 
significant main effect of the L1 context, indicating better performance 
in terms of accurate recall abilities when being exposed to French 
single-language input compared to mixed-language input (d’ 
difference of 1.40, see Table 4). Additionally, we found a significant 
two-way interaction between the L1 context and time. The observed 
mixing benefit thus seemed to decrease as time progresses (minus 
0.33 in d’ at Time 2, see Table 4).

The analysis of the response times to correct Old Items trials 
also revealed a positive main effect of the L1 language context, thus 
also implying a mixing cost in terms of response times (167.41 ms 

TABLE 2 Percentages of hits, false alarms and discriminability values for 
the three conditions in terms of both immediate and delayed recall.

Hits False alarms d’

ML T1 72.66% (18.69) 21.39% (20.82) 2.12 (1.61)

T2 70.42% (18.83) 30.17% (20.81) 1.44 (1.58)

L1 T1 85.12% (14.11) 14.11% (18.81) 3.50 (2.06)

T2 83.29% (13.62) 23.45% (19.94) 2.51 (1.98)

L2 T1 59.05% (19.86) 32.91% (19.76) 0.75 (1.92)

T2 54.5% (20.42) 36.29% (20.33) 0.55 (1.87)

TABLE 3 Mean reaction times (in milliseconds) to both old and new items 
for the tree in terms of immediate and delayed recall (standard deviations 
are provided between brackets).

Old items New items

ML T1 1708 (649) 2,116 (1189)

T2 1,236 (653) 1,666 (1196)

L1 T1 1,544 (645) 2088 (1178)

T2 1,171 (642) 1,503 (1182)

L2 T1 1,561 (647) 2,103 (1185)

T2 1,365 (642) 1,506 (1181)
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slower on average, see Table 5). In this case, however, we did not 
find a significant interaction between response times and time for 
the difference between the L1 language context and the 
mixed context.

3.2 Performance in language-mixing vs. L2

Accurate recall scores are the lowest in the context with single-
language L2 input (see Table 2). In the subsequent analysis, we found 
a significant main effect of the L2 language context, which points 
toward a mixing benefit in this case (increase by 1.37 d’ score in the 
mixed-language context; see Table 4). This shows that, although the 
participants seem to perform worse in our recall task after being 
exposed to mixed-language input compared to single-language L1 
input, the opposite is true when comparing performance in the 
mixed-language context and the single-language L2 context. We also 
found a significant interaction between the L2 language context and 
time. This means that, at time 2, the mixing benefit which we observed 
at time 1, has been significantly reduced (by 0.48 in d’, see Table 4).

When analyzing the response times, we still found a main effect 
of the L2 context in terms of response times in immediate recall 
(slower responses by 130.84 ms on average, see Table 5). At the first 
test time, participants thus take longer to correctly discriminate 
between old and new items after having been exposed to mixed-
language input than single-language input in their L2. Yet, we also 
found an interaction between the L2 context and time, indicating 
longer response times in that context over time. In other words, 
when considering the delayed test time, this mixing cost disappears 

and even turns into a mixing benefit in favor of the mixed-
language context.

3.3 The influence of L2 proficiency: a 
follow-up analysis

In a subsequent analysis, including the Lextale scores for Dutch as 
an additional factor (see Appendix 1), we found a significant two-way 
interaction between the L1 context and the participants’ performance 
on the Dutch LexTale task, pointing toward a moderating effect of L2 
proficiency on the difference in recall between language contexts. This 
interaction indicates that better knowledge of Dutch seemed to reduce 
the mixing cost that was found when comparing L1 input to mixed-
language input (a decrease by 0.25 d’ units, see Appendix 1). Similarly, 
a significant two-way interaction was found between accurate recall 
in the L2 context and Dutch Lextale scores. This indicates a decrease 
of the mixing cost associated with L2 input compared to mixed-
language input as L2 proficiency increases (a decrease by 0.13 d’ units, 
see Appendix 1).

We also conducted a follow-up analysis to investigate the 
potential influence of Dutch proficiency scores on response times. 
Yet, contrary to the follow-up analysis of the participants’ accuracy 
scores, no significant interactions were observed with Dutch Lextale 
scores (see Appendix 2).

4 Discussion and conclusion

The general goal of the present study was to investigate the impact 
of language-mixing on recall abilities in the case of first and second-
grade pupils, who were French native speakers, enrolled in a Dutch-
speaking CLIL program. Our research objectives were threefold: (1) 
replicate previous designs aimed at comparing single-language L1 
input compared to mixed-language input, (2) comparing language-
mixing to a single-language L2 condition and (3) explore the effects of 
the type of input on recall abilities over time. Overall, we found (1) a 
mixing cost in both recall and response times in the comparison 
between the mixed-language condition and the single-language L1 
condition, (2) a mixing benefit in terms of accurate recall, but a mixing 
cost in response times when compared to L2 single-language input 
and (3) an overall decrease in both accurate recall and response times 
in performance over time.

4.1 The influence of language-mixing 
compared to L1

We did observe significant differences in recall accuracy and 
response times depending on whether the pupils had been exposed to 
single-language L1 or mixed-language input. One of the possible 
explanations for the presence of this mixing cost, is our participants’ 
rate of school exposure to the CLIL language (L2). Indeed, we tested 
pupils with 30% of exposure to the CLIL language (i.e., Dutch) 
through their weekly classes. Our participants also had a relatively 
short experience time in CLIL at the time of the experiment, as they 
had no prior experience with it from primary school. Moreover, in our 
context of research, Dutch is not mandatory as the second language 

TABLE 5 Estimates, standard errors and p-values for the different 
predictors of response times to correct old items trials.

Response times (ms)

Predictors Estimates CI p

(Intercept) 1725.29 1609.65–1840.93 <0.001

L1 language context −167.41 −263.00 – −71.82 0.001

L2 Language Context −130.84 −237.55 – −24.13 0.016

Time 2 −458.63 −558.11 – −359.14 <0.001

L1 Language Context × Time 2 81.98 −52.97 – 216.93 0.234

L2 Language Context × Time 2 240.48 88.44–392.52 0.002

All p-values lower than 0.05 are edited in bold in the table.

TABLE 4 Estimates, (standard errors) and p-values for the different 
predictors of d’ scores.

Accurate recall (d’)

Predictors Estimates CI p

(Intercept) 2.12 1.74–2.51 <0.001

L1 Language context 1.40 1.28–1.51 <0.001

L2 Language context −1.37 −1.49 – −1.25 <0.001

Time 2 −0.68 −0.80 – −0.57 <0.001

L2 Language Context × Time 2 −0.33 −0.50 – −0.17 <0.001

L3 Language Context × Time 2 0.48 0.31–0.64 <0.001

All p-values lower than 0.05 are edited in bold in the table.
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for all primary school pupils. According to the weaker link hypothesis 
(Gollan et al., 2008), associations between words and concepts are 
highly dependent on prior exposure and experience. Following this 
hypothesis, less L2 exposure would lead to weaker associations 
between the words in the L2 input and their conceptual counterparts 
and subsequently hinder the participants’ ability to accurately recall 
them during the test phase. This partly explains the mixing cost 
(compared to L1) and benefit (compared to L2 input) we observed.

Our results clearly differ from those reported in the 
aforementioned studies on which we  based our design (namely 
Antón et al., 2016), as they reported no mixing costs. This is most 
probably due to a couple of key differences between the groups of 
participants that were tested. Firstly, Anton et al. tested participants 
with a perfect 50–50% balance between L1 and L2 exposure at school, 
which was not the case for our participant group. Secondly, our 
participants were younger than those included in the study of Antón 
and colleagues (13.17 years old compared to 14.38 years old) which 
means they have had less experience with CLIL throughout their 
educational journey. In line with the weaker link hypothesis described 
above, higher L2 exposure and experience of participants featured in 
previous studies may have led to them having stronger word-concept 
associations and therefore better recall performances of L2 input. 
Drawing on those educational and linguistic disparities between both 
sets of participants, it can also be assumed that our participants show 
lower L2 proficiency compared to those of Antón et al. (2016). This 
lower L2 proficiency could partly explain some of the mechanisms 
underlying the mixing costs and benefits in recall. Indeed, previous 
studies on recall of auditory input also emphasize that their findings 
“should be limited to the case in which learners have sufficient L2 
ability to understand the lexical items of the listening passages” 
(Sakai, 2009, p. 368). Other studies also underscore the importance 
of vocabulary size and general L2 proficiency when it comes to 
accurate processing of auditory input (e.g., Wang and Treffers-Daller, 
2017). Moreover, our analyses clearly show the influence of L2 
proficiency as the observed mixing benefits (vs. L2) and costs (vs. L1) 
both decrease as L2 proficiency increases.

4.2 The influence of language-mixing 
compared to L2

When expanding on previous studies’ designs (cf. Antón et al., 
2015, 2016), we report a mixing benefit in terms of recall abilities in 
the mixed-language condition compared to the single-language L2 
condition. Similar to the L1 mixing cost discussed in the previous 
section, this finding seems to indicate a recall disadvantage related to 
low L2 exposure and proficiency, which is partly compensated for by 
the presence of the L1 in mixed-language input. Since every object 
definition was comprised of two distinct characteristics, they can rely 
on the L1 characteristic to help them decode the L2 characteristic and 
the conceptual information of the mixed-language input. This 
scaffolding technique is, of course, not possible in the single-language 
L2 context.

In terms of response latencies, the mixing cost we observed at the 
first time point in comparison to the L2 context is not completely in 
line with previous studies (Declerck et  al., 2019) and may point 
toward a greater use of cognitive resources when decoding a mix of 

two languages within the definition of a single object. In a series of 
three experiments, Declerck and colleagues only found mixing costs 
in the case of language pairs with a high cognate rate (French and 
Spanish). Our findings provide an account of mixing costs even in 
languages with a lower cognate rate (French and Dutch). This 
possibly indicates the presence of (proactive) language control when 
decoding mixed-language input, thereby requiring additional 
cognitive resources, which results in longer response latencies. It 
bears reiterating that these longer response times do not lead to less 
accurate recall when compared to single-language L2 input. 
Moreover, they are reversed in delayed recall. This finding thus 
highlights the need for both speed and comprehension measures in 
order to gain a more exhaustive understanding of the impact of 
language-mixing on (auditory) recall.

4.3 The influence of language-mixing over 
time

Overall, accurate recall decreases over time across all conditions, 
which is in line with our expectations given the nature of the design. 
More interestingly, both the observed mixing benefit and mixing cost 
follow a similar downward pattern as time progresses, although this 
finding deserves some nuancing. With regards to the L2 context, this 
could be due to the fact that accuracy scores were already very low at the 
immediate test time, thus pointing toward a floor effect in this context. 
When compared to the L1 context, the mixing cost indeed decreases, but 
the mixed context still presents the steepest decrease between both test 
times. Our presented findings are therefore certainly not exhaustive as 
far as the effect of language-mixing over time is concerned.

Response times, on the other hand, were also significantly faster 
at the delayed test time. Higher processing speed at the second test 
phase could be explained by the fact that participants were already 
familiar with the visual stimuli at this point, which could have led to 
priming effects that allow for faster responses (e.g., Misra et  al., 
2012). However, the faster response latencies do not omit that 
we report less accurate recall scores at the delayed test time. Indeed, 
it would seem that participants forgot some of the information 
provided during the first day of the experiment. This significant 
decrease in accurate recall of information over time reinforces the 
well-known need for spaced repetition of learning materials in 
education and for memory retention in general (e.g., Weinstein 
et al., 2018; Abbas et al., 2023).

4.4 Implications for research and practice

Regarding research implications, our study underscores the 
importance of considering the specificities of the participants’ 
linguistic profiles and educational contexts. As we  report in the 
present research, taking into account different levels of L2 proficiency 
and exposure at school brings about different outcomes in comparison 
to previous studies (Antón et al., 2015, 2016), even when replicating 
their design. Moreover, our design allowed to shed light on unraveled 
evolutions in the findings over time, especially in the case of response 
times. Our study also underscores the importance of replicating 
studies in general, especially in cases where the existing body of 
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literature is scarce. Finally, there is a need for additional studies aiming 
at bridging the gap between laboratory settings and classroom 
practices, by increasing the ecological validity of their 
experimental paradigms.

When transposed to classroom practices, these findings may raise 
concerns regarding the implementation of language-mixing in 
CLIL. Although the mixing cost we  found compared to L1 input 
should certainly not be disregarded, the pedagogical goals of a CLIL 
program encompass both content and language outcomes (Martens 
et  al., 2023). As previous studies have shown, CLIL pupils often 
outperform their peers in terms of L2 proficiency (see systematic 
reviews by Graham et al., 2018; Goris et al., 2019), even in CLIL 
programs with rather low L2 exposure (Bulté et al., 2021). We expect 
that, as the pupils’ L2 proficiency grows over time, the mixing cost 
compared to learning in their first language will subside, especially if 
L1 and L2 exposure at school is kept more or less in balance (as was 
the case in Antón et al., 2016). Yet, more research needs to be done 
to confirm this hypothesis.

In the meantime, our study demonstrates the utility of language-
mixing for pupils who find themselves at the onset of their CLIL 
trajectory. For this profile of learners in particular, language-mixing 
even mitigates the learning costs (in terms of memory recall at least), 
which would otherwise occur in a single-language L2 environment. 
While we  only tested their recall of conceptual information, our 
findings could also be applied to recall of subject specific discourse 
and other contents. Incorporating language-mixing as a classroom 
practice then, appears to represent a great scaffold for those learners 
who have not yet attained the L2 proficiency level which is required 
to avoid those L2 learning costs.

4.5 Limitations and future research

Despite the relevant implications of our findings, the current 
study also presents some limitations which we would like to address. 
The first one pertains to our research design. Although the 
experimental task we used allowed us to single out the impact of 
language-mixing, this controlled computer task entails a more 
artificial setting for students compared to a real classroom experience. 
The same critique could be expressed with regards to the stimuli 
we created. The fact that these were definitions of everyday objects 
which did not pertain to an actual school subject might have 
reinforced the artificial nature of our design. Moreover, our stimuli 
only included inter-sentential mixing, leaving us with no findings 
concerning other language-mixing types (i.e., intra-sentential and tag 
mixing, Poplack, 1980). Additionally, because we had an identical 
number of participants, this allowed for a more clear-cut comparison 
with the study we aimed to replicate (cf. Antón et al., 2016). Yet, our 
relatively low sample size of 29 participants is another limitation that 
should be addressed as it may raise questions with regards to the 
generalizability of the results.

In order to further our understanding the influence of the type 
of input on learning outcomes, we would advise future research to 
investigate different types of language-mixing and/or other student 
profiles in terms of L2 proficiency and exposure. A significant 
increase in sample size is also recommended for even stronger 
arguments in favor of the generalizability of the findings. Even more 

importantly, perhaps, studies in the future should investigate the 
influence of language-mixing on other learning processes. In the 
present study, we explored auditory recall abilities, which is situated 
at a low level of learning compared to other processes like 
understanding and applying knowledge (Anderson, 2010). 
Ultimately, while our study sheds light on the nuanced effects of 
language-mixing on recall abilities, future research must delve deeper 
into diverse language-mixing types and broader learning processes, 
thereby paving the way for more evidence-based and effective 
educational strategies. That being said, our study most importantly 
reveals that language-mixing in CLIL provides significant scaffolding 
benefits for learners with lower L2 proficiency thereby enhancing 
their learning outcomes. In light of our findings, we would certainly 
join “the plea to end the language mixing-taboo” (Antón et al., 2016) 
initiated by previous studies, although we  also underscore the 
nuances of the implementation of language-mixing depending on the 
specific context in terms of L2 exposure and pupil characteristics with 
regard to their proficiency in the CLIL language.
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