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A B S T R A C T   

Bilinguals possess the ability of expressing themselves in more than one language, and typically do so in con
textually rich and dynamic settings. Theories and models have indeed long considered context factors to affect 
bilingual language production in many ways. However, most experimental studies in this domain have failed to 
fully incorporate linguistic, social, or physical context aspects, let alone combine them in the same study. Indeed, 
most experimental psycholinguistic research has taken place in isolated and constrained lab settings with 
carefully selected words or sentences, rather than under rich and naturalistic conditions. We argue that the most 
influential experimental paradigms in the psycholinguistic study of bilingual language production fall short of 
capturing the effects of context on language processing and control presupposed by prominent models. This 
paper therefore aims to enrich the methodological basis for investigating context aspects in current experimental 
paradigms and thereby move the field of bilingual language production research forward theoretically. After 
considering extensions of existing paradigms proposed to address context effects, we present three far-ranging 
innovative proposals, focusing on virtual reality, dialog situations, and multimodality in the context of bilin
gual language production.   

1. Introduction 

Imagine that you and a friend recently went on a trip abroad to 
London. It is not unlikely that you, like most people in the world, learned 
a second language such as English in school and would be able to 
interact with the local population (Grosjean, 1989). Visiting a market 
place, you may have said to your friend in your first language (L1) that 
you wished to buy some healthy snacks, then turning to the owner of a 
fruit and vegetable stand speaking in your non-dominant second lan
guage (L2) English, while pointing at the oranges at hand. Monolingual 
bystanders may have been amazed that you seemed to change languages 
effortlessly, as if you were simply flipping a mental switch. However, 
already a long time ago, research has shown that, at a cognitive level, 
switching between languages is actually quite a complicated matter 
(Kolers, 1966; Penfield and Roberts, 1959). It has become clear that 
many different aspects of a situation influence how bilinguals control 
their languages for production. 

Indeed, from a general perspective, in daily interactions like the 
above, at least three types of contextual factor can be discerned. First, 
there are linguistic context aspects, such as which exact languages are 
spoken, the words and grammatical structures they provide to express 
one’s thoughts, and the non-verbal communicative signals they are 
combined with. Second, there are social context aspects, such as the 
relationship between the interlocutors and the knowledge they have or 
assume of each other’s language background and relative language 
proficiency. This social relation will clearly be different between you 
and your friend compared to you and the owner of the stand. Third, 
there is the non-linguistic physical context of the conversation, such as 
the market place in the example above and the context-appropriate 
language(s) it allows for. 

The linguistic, social, and non-linguistic physical context all subtly 
affect which language a bilingual will use in a situation and whether a 
switch between languages will take place, within and across sentences, 
interlocutors, and settings. In fact, all these context aspects may 
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interactively influence the speakers’ word choice and even their accent, 
register, or dialect. In light of this complexity, psycholinguistic re
searchers in the field of bilingual language production have begun to 
wonder how they should investigate these common daily-life situations 
of context-sensitive language production and language switching that, 
in spite of their complexity, appear to take place relatively flawlessly 
and with minimal apparent effort outside the lab. 

So far, however, the use of context-sensitive bilingual language in 
naturalistic environments has remained under-investigated in psycho
linguistics. For decades, researchers studying the psychology and 
neurobiology of language have instead concentrated on developing 
refined models of individual word and sentence production, basing 
themselves primarily on experimental studies conducted in well- 
controlled laboratory setups. The influence of different types of 
context on bilingual language production may have remained relatively 
underexposed in this field because of the methodological complexity 
that incorporating context brings. Indeed, the default (fairly unidimen
sional) environment in which experimental research typically occurs is 
quite distant in nature from rich and dynamic (multidimensional) real- 
life situations. Moreover, scientific practice in the domain of experi
mental psychology is typically restricted to manipulating a single or a 
couple of factors at a time (Donders, 1969; Roelofs, 2018b). The tacit 
assumption is that a thorough understanding of the constituent pieces of 
the overall situation should suffice to eventually lead to an integration 
and understanding of the whole. 

In light of the above, finding a balance between experimental control 
and a high degree of real-life context within an experimental study has 
therefore sometimes been considered hard, unnecessary, or even 
impossible to achieve. It has been commonly assumed that an experi
ment must sacrifice some ecological validity to attain the degree of 
control required to collect reliable data (cf. Peeters, 2019). Nevertheless, 
the inherent risk of this approach is that we are completing a jigsaw that 
pictures what happens in the mind of a bilingual speaker in the lab, but 
not necessarily corresponds to what happens in real life situations (cf. 
Myers-Scotton, 2006). Therefore, given the considerable depth of our 
current understanding of the bilingual language production system 
based on existing laboratory studies, in the study of the (neuro)psy
chology of bilingual language use we should now focus on how 
contextual factors affect this system in daily life. 

To assess the present research status, we will begin this review article 
by discussing leading psycholinguistic models in bilingual language 
production research. Interestingly, these models attribute a central role 
to the multidimensional context in which bilingual language production 
typically takes place. Next, we will see how the most popular experi
mental paradigms developed for laboratory research actually restrict 
further fine-tuning and testing of these theories and models of bilingual 
natural language use, in the sense that context is typically not given 
center stage. We therefore need new experimental paradigms that better 
reflect dynamic everyday situations. After having considered different 
existing adaptations that contextually enrich standard paradigms, we 
will propose three task-related and methodological advancements that 
should enable us to study face-to-face bilingual interactions more ho
listically, and under more natural conditions, in the lab. As a comple
mentary and different way of studying bilingual language production, 
these advances should allow for taking the field of bilingual language 
production research forward theoretically. 

We restrict the scope of this article to the psycholinguistic and neu
ropsychological study of bilingual language production and control. As 
such, we do not cover the vast literature on bilingual language 
comprehension in this article, although we hope that the two domains 
(production and comprehension) will eventually become one integrated 
topic of study. Some suggestions on how this can be achieved are put 
forward in Section 5.2. We also restrict our focus to the cognitive pro
cesses and representations involved in bilingual language production 
and control that precede overt articulation. 

2. Theoretical models of bilingual language production and 
control 

As the depth and scope of bilingual language production research 
have increased over the years, so have the (neuro)psychological models 
accounting for bilingual language use (e.g., Abutalebi and Green, 2016; 
Baus et al., 2015; Branzi et al., 2014; Costa et al., 1999, 2006; Dylman 
and Barry, 2018; Finkbeiner et al., 2006; Green, 1998; Kroll et al., 2010; 
La Heij, 2005; Philipp et al., 2007; Poulisse and Bongaerts, 1994; Roe
lofs, 1997, 2014; Runnqvist et al., 2012, 2019). In this section, we will 
discuss some of the most prominent models of bilingual language pro
duction and control. In doing so, it will become clear how, over the 
years, various types of context have continuously played a central role in 
these models. This theoretical basis will allow us, later in this article, to 
look at the manipulation of context aspects in experimental studies of 
bilingual language production. 

2.1. Models of bilingual language production 

A critical difference between monolinguals and bilinguals is that 
bilinguals may describe the same concept or non-linguistic thought 
using words from more than one language. It seems unlikely that bi
linguals can completely switch off one of their languages, so words (and 
grammatical structures) from two active languages may compete for 
selection, and inhibition of words (and grammatical structures) from a 
context-irrelevant language may be required for a bilingual to correctly 
express their thoughts in the context-appropriate language (Green, 
1998; Hatzidaki et al., 2011). Indeed, theoretical proposals commonly 
emphasize the co-activation, integration, and interaction of both lan
guages in the bilingual mind, assuming that a cognitive control system, 
engaging in activities such as monitoring and inhibition, plays a crucial 
role in managing relative language activation and language competition 
(e.g., Kroll and Gollan, 2014). 

Several influential models of bilingual language production rely 
strongly on the standard model of (primarily monolingual) language 
production (Levelt, 1989, 1992; Levelt et al., 1999), a descriptive ac
count that has been computationally implemented in the WEAVER++

model (Roelofs, 1997, 2014). According to this model, the process of 
language production consists of four main processing stages: 1) 
conceptualization and language choice, 2) formulation, entailing 
grammatical encoding and lemma retrieval, 3) morphophonological 
encoding, and 4) articulation. In the first processing stage, a message is 
prepared for speaking. During the second stage, lemmas (i.e., word-like 
units without phonological specification) are selected. Together they 
cover the conceptual representation to be expressed, while at the same 
time allowing for the construction of a complete and correct syntactic 
structure. Full specification of the morphological, phonological, and 
phonetic realization of the words in that structure takes place next, after 
which the sentence is actually incrementally uttered. Although models 
sometimes use different names for terms and components, competing 
models, such as the interactive activation model of language production 
(Dell, 1986; Dell et al., 1997) roughly presume the same stages of 
processing. 

In line with earlier proposals (e.g., de Bot and Schreuder, 1993), the 
WEAVER++ model has been extended to the bilingual domain (e.g., 
Roelofs and Verhoef, 2006). The bilingual model assumes that 
language-independent concept representations coactivate lemmas and 
word form units specific for different languages. As a consequence, a 
flexible language control system should then allow bilingual speakers to 
activate and select (words of) their languages depending on their lan
guage goals and the situational context. As such, bilingual language 
production is proposed to involve a dynamic interplay of the two lan
guages with both competition and cooperation processes that are subject 
to the bilingual’s relative proficiency level in each language, language 
switching mechanisms, and language selection strategies. Roelofs and 
colleagues consider especially the role of attention in applying 
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condition-action rules (e.g., Roelofs, 1998, 2018a). In their view, inhi
bition can modulate the efficiency of language switching, although it is 
not strictly necessary (Roelofs et al., 2011; Verhoef et al., 2009). 

These views notably contrast with that of Costa (e.g., Costa, 2018; 
Costa et al., 1999), who proposes that bilingual speakers’ two languages 
are represented rather separately, their words being selected especially 
using context-sensitive language cues. According to Costa, the bi
linguals’ language systems and language selection processes function 
without significant interference of cross-activation. Each language is 
activated according to its own rules and structures, regardless of other 
languages. On the basis of contextual and other language cues, one 
language is activated selectively, while the other is inhibited or ignored. 
For example, in a conversation with a monolingual, the language spoken 
by the monolingual might be more readily activated and used by the 
bilingual speaker than other languages. In addition, the relative acti
vation and language dominance would depend on the speaker’s profi
ciency in each language. When bilinguals, depending on the situation, 
selectively activate and use one language rather than another, they 
apply their knowledge of the language to which word forms belong (e.g., 
‘book’ is an English word). This sense of ‘language membership’ is 
shaped by various factors, such as language proficiency, language use 
patterns, social and cultural context, and individual experience. Lan
guage membership also plays a role in code-switching during conver
sations. According to Costa, strategic code-switching is done on the basis 
of language membership, in order to use each language for specific 
functions or expressing particular social or cultural identities. In all, 
Costa therefore pays less attention to inhibitory mechanisms than the 
alternative models described above, although these mechanisms are not 
excluded (cf. Costa, 2018; Costa et al., 2006). Despite their intrinsic 
differences, it should be noted that all these models have in common that 
they highlight the importance of context for language selection and 
production. 

In the various models, the input message for language production is 
assumed to specify both the concept for which a lemma must be found 
and the language in which it is intended to be uttered. Because lemmas 
are linked to representations of language membership, the correct word 
form can be retrieved in the correct language. However, this still begs 
the question of how precisely a particular language choice is made for 
the intended utterance. Clearly, both conceptualization and language 
choice are dependent on non-linguistic and linguistic external cues. 
Returning to the opening example, the geographical location and 
background language spoken at the market place might serve as cues for 
speakers to opt for using their non-dominant (e.g., English) rather than 
their dominant language (e.g., Spanish) when interacting with any stand 
owner they encounter. Until now, such context-sensitive aspects of 
language choice have been insufficiently specified, most likely because 
they have been difficult to manipulate in experimental research 
paradigms. 

2.2. Models of bilingual language control 

Acknowledging the importance of language monitoring and control 
in bilingual language production, theoretical models have been devel
oped that specifically aim to describe how bilinguals manage to select 
the context-appropriate language for speaking. Here we will focus on the 
influential Inhibitory Control Model (Green, 1998) and the Adaptive 
Control Hypothesis (Green and Abutalebi, 2013). The development of 
these models paralleled changes in experimental paradigms and acted as 
a catalyst for developing novel ones (for a review, see Sánchez et al., 
2023). Critically, the Inhibitory Control Model and Adaptive Control 
Hypothesis, respectively, make a case for the importance of reactive and 
proactive inhibitory control processes as supporting efficient and 
context-appropriate bilingual language production. 

So how do bilinguals manage to select the correct language for 
speech production? The Inhibitory Control Model assumes that complex 
tasks such as selecting a language for speaking are performed by 

following a series of processing steps required by the task at hand, a so- 
called ‘task schema’. For instance, in a picture naming experiment, the 
participant’s task might be to ‘name the picture in Language A’ or to 
‘name the picture in Language B’. The task schema would include 
several processing steps for selecting the picture’s name in Language A 
or B, depending on the task instruction and/or a given language cue. 
When Language A is the target language, naming in Language B should 
be inhibited, and vice versa. If, later on, a cue indicates that a word in 
the other language should be produced (‘switching’), this may 
momentarily reactivate the previously inhibited task schema for picture 
naming in Language B, and inhibit the currently active task schema for 
picture naming in Language A. Overcoming the inhibition of a previ
ously suppressed task schema (and the language it corresponds to) takes 
time and effort, and the Inhibitory Control Model therefore predicts that 
switching languages comes at a cost. Importantly, the inhibitory process 
at work is proposed to be reactive here: It plays a role only after a certain 
external stimulus triggers the language control mechanism. 

Going beyond the Inhibitory Control Model and its theoretical focus 
on reactive inhibitory control, the Adaptive Control Hypothesis assumes 
that what exact control processes are required and implemented differs 
as a function of aspects of the broader context in which the speaking 
event takes place (Abutalebi and Green, 2016). In single-language con
texts, such as when speaking with a monolingual friend, the choice for 
what (single) expected language to be spoken is straightforward and can 
be anticipated. In dual-language contexts, a bilingual may be expected to 
switch between languages, for instance as a function of whom they 
interact with, as in our opening example. In dense code-switching contexts, 
the bilingual may even voluntarily switch languages at will, for instance 
when interacting with another bilingual that masters the same language 
pair. Critically, what cognitive control processes (e.g., goal mainte
nance, suppression of interference) are active in the background, and the 
extent to which they are required and involved, differs as a function of 
the context. While a single-language context demands effective sup
pression of a non-target language for communication to be successful, a 
dense code-switching context actually makes efficient use of the parallel 
activation of both languages, and suppressing a language may not be 
necessary (Abutalebi and Green, 2016). 

The Adaptive Control Hypothesis therefore proposes that inhibitory 
control processes during bilingual language production may not only be 
reactive, but also proactive in nature. The idea is that, as a function of the 
context at hand, a given language may in certain environments be 
inhibited in a proactive and sustained fashion to facilitate language 
production in another language. For instance, unbalanced bilinguals 
may proactively slightly inhibit their stronger L1 in a dual-language 
context to reduce competition and facilitate language production in 
their non-dominant and weaker L2 (Peeters and Dijkstra, 2018). 
Returning to our opening example, if you are visiting a market place in 
London, the likelihood of having to use your L2 English is quite high. In 
general terms, there is an enhanced probability of needing one language 
compared to another as a function of context. As such, proactively 
activating or inhibiting one language over the other may facilitate the 
efficiency of some of the upcoming interactions you may have. 

In sum, models of language production and control have time and 
again ascribed to the importance of context when attempting to describe 
and explain the workings of the bilingual language production system. 
In the next section, we will see that the main experimental paradigms in 
this domain, however, have largely ignored the important role context 
has to play. 

3. Common experimental practice in bilingual language 
production research 

In this section, we will discuss two long-established and widely used 
experimental paradigms in the field of bilingual language production 
research: the picture-word interference paradigm and the cued language- 
switching task. This overview will provide us with a solid basis for 
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zooming in on adaptations of these traditional paradigms in the next 
section, as a first step towards empirically addressing linguistic, social, 
and non-linguistic context effects on bilingual language production. 

3.1. The picture-word interference paradigm 

What are the cognitive processes involved in (bilingual) language 
production? To study this issue in more detail, researchers have adapted 
the original picture naming paradigm (Cattell, 1886; Glaser, 1992) into 
a picture-word interference paradigm, initially applying it in the 
monolingual and later also in the bilingual domain (e.g., Damian and 
Bowers, 2003; Ehri and Ryan, 1980; Glaser and Düngelhoff, 1984; 
Lupker, 1979; Miozzo and Caramazza, 2003; Rosinski et al., 1975; 
Schriefers et al., 1990). In a picture-word interference paradigm, par
ticipants are typically instructed to name pictures presented on a com
puter screen as quickly and accurately as possible while ignoring 
superimposed distractor words. As an example from the monolingual 
domain, a picture of a cat may be named while it is accompanied by a 
visual distractor word that is unrelated (e.g., bin), semantically related 
(e.g., dog), phonologically related (e.g., hat or cap), or even both 
semantically and phonologically related (e.g., rat) to the target picture 
(see Fig. 1). In an auditory variant of the paradigm, participants must 
ignore auditory rather than visual distractors while they are naming the 
target picture or planning to do so (e.g., Damian and Bowers, 2009; 
Schriefers et al., 1990). Any (typically semantic) interference or (typi
cally phonological) facilitation relative to the unrelated condition pro
vides insights into the cognitive representations and processing stages 
involved in word retrieval and production (for a review, see Hall, 2011). 
For instance, by varying the onset of the distractor word versus the onset 
of the picture on the screen, clever manipulations have made clear that 
semantic activation typically precedes phonological activation during 

the production of individual words (e.g., Schriefers et al., 1990). 
The monolingual picture-word interference paradigm has been 

adapted to address fundamental issues in the domain of bilingualism (e. 
g., Costa et al., 1999, 2005; Costa and Caramazza, 1999; Ehri and Ryan, 
1980; Emmorey et al., 2021; Giezen and Emmorey, 2016; Gollan and 
Acenas, 2004; Guo et al., 2011; Hermans, 2004; Mahon et al., 2007). The 
bilingual version typically presents one image at a time on a computer 
screen to be named by the bilingual participant in a target language (e. 
g., English), while a written distractor word from the same language (e. 
g., English) or from another language (e.g., Dutch) is simultaneously 
presented on the image. Taking the paradigm into the bilingual realm 
thus allows for additional possible relations between picture and word, 
and questions of cross-linguistic cognitive representation and processing 
can be addressed. For example, when a Dutch-English bilingual is asked 
to name target images in their L2 English, for instance, a picture of a 
shark can be paired with a direct translation of the word corresponding 
to that image from the L1 Dutch (i.e., haai, the Dutch word for ‘shark’), a 
semantically related word from the L1 (e.g., dolfijn, the Dutch word for 
‘dolphin’) or the L2 (e.g., dolphin), or a phonologically related word from 
the L1 (e.g., hark, the Dutch word for ‘rake’) or the L2 (e.g., the English 
word bark). These manipulations allow for testing at what stages of 
language production the bilingual’s different languages interact, and 
whether or not lexico-semantic and phonological representations from 
the two languages are stored together or separately in bilingual long 
term memory. 

Experimental studies using the picture-word interference paradigm 
have shown at least three distinct effects in bilinguals. First, a translation 
equivalent facilitation effect has been observed (Costa et al., 1999; Costa 
and Caramazza, 1999; Hall, 2011; Hermans, 2004). For instance, if an 
image of a horse is to be named by an unbalanced Dutch-English bilin
gual in their L2 English, RTs will typically be shorter when the direct 

Fig. 1. Different conditions in the monolingual picture-word interference paradigm as a function of the relation between target image and super-imposed word. 
Participants are commonly instructed to name each image in a single word as quickly and accurately as possible. The paradigm can easily be extended to the bilingual 
domain (see main text for examples). 

A. Titus et al.                                                                                                                                                                                                                                    



Neuropsychologia 193 (2024) 108764

5

translation of the target word (the Dutch word paard, meaning ‘horse’) is 
shown as a distractor compared to when an unrelated distractor word (e. 
g., the Dutch word stoel, meaning ‘chair’) is shown. Second, response 
times are commonly longer for semantically related word-image pairs 
than for semantically unrelated word-image pairs. This semantic inter
ference effect (Caramazza, 1997; Dell, 1986; Levelt et al., 1999; Roelofs, 
1992) is typically prevalent regardless of the naming language (Belke 
et al., 2005; Costa et al., 2009; Howard et al., 2006; Roelofs, 2018a). The 
phonological facilitation effect has also been replicated in bilinguals, 
meaning that cross-linguistic phonological overlap between picture 
name and distractor word speeds up naming compared to an unrelated 
cross-linguistic control condition, though the effect is typically smaller 
than for within-language phonological overlap conditions (see Hall, 
2011, for review). 

In sum, experimental research using the picture-word interference 
paradigm has considerably increased our knowledge of how bilinguals 
store and select words from their two languages. These words are not 
stored in separate databases, but are part of a shared lexicon and may 
compete for selection (Costa et al., 2003; Ehri and Ryan, 1980; Gauvin 
et al., 2018; Hermans et al., 1998; Kroll and Stewart, 1994; Mahon et al., 
2007). Although this insight is very valuable from a theoretical 
perspective, the experimental paradigm is limited in including aspects of 
the real-life communicative situations in which bilinguals typically find 
themselves. Obviously, bilinguals hardly ever encounter situations 
where images and words of different languages are superimposed. 
Moreover, they typically do not speak in single-word utterances and in 
the absence of an actual addressee. As such, the PWI paradigm 
commonly does not capture all the richness of bilingual language pro
duction in everyday situations. This leads to the possibility that existing 
models of bilingual language production – which are strongly based on 
experimental studies using this paradigm – may not fully generalize to 
bilingual language production in (everyday) context and need to be 
adapted or extended to do so. 

3.2. The cued language-switching paradigm 

Aspects of bilingual language production have also been studied 
widely by means of the cued language-switching paradigm (see Fig. 2). In 
this task, bilinguals are typically presented with individual digits or 
pictures on a computer screen and asked to name each stimulus in one 
language or another as a function of a cue. This cue can have an arbitrary 

relation to the language it cues, for instance when colors are used, or be 
in some ‘motivated’ way related to it, such as when flags, culturally 
iconic images, or faces cue what language the bilingual should use on a 
given trial (e.g., Costa and Santesteban, 2004; Declerck and Philipp, 
2015; Macnamara et al., 1968; Meuter and Allport, 1999). Responses are 
typically single-word utterances recorded by a microphone that are 
analyzed for response speed and accuracy between conditions. In a 
standard 2x2-design, performance on non-switch trials (eliciting the 
same language as on the previous trial) can be compared to performance 
on switch trials (eliciting a different language as on the previous trial). In 
addition, performance on L1 trials can be compared to performance on 
L2 trials. Finally, the design allows for testing whether potential costs of 
switching languages are larger in one direction (e.g., switching from L2 
to L1) than in the other (e.g., from L1 to L2), for bilinguals with different 
degrees of overlap between the languages they master and different 
degrees of proficiency in the languages at hand. As a first proxy of the 
influence of context on language use, some studies have added single 
language blocks (in which all trials require the use of the same language) 
to the experiment, in order to test to what extent language context (i.e., 
the use of two vs one languages required during the block) influences 
performance. 

The use of the cued language-switching paradigm has resulted in at 
least three theoretically important findings. First, bilinguals typically 
take longer to switch between languages than to stay in the same lan
guage (e.g., Bobb and Wodniecka, 2013; Costa et al., 2006; Kleinman 
and Gollan, 2016; Meuter and Allport, 1999; Peeters et al., 2014). In 
other words, switch costs have been observed. Second, and perhaps 
counter-intuitively, bilinguals sometimes respond more quickly in their 
non-dominant language compared to their dominant language, giving 
them a temporarily reversed language dominance (e.g., Christoffels et al., 
2007; Costa and Santesteban, 2004; Kleinman and Gollan, 2016; Liu 
et al., 2019; Peeters and Dijkstra, 2018; Verhoef et al., 2009, 2010; for 
reviews, see Baus et al., 2015; Declerck and Philipp, 2015; Goldrick and 
Gollan, 2023). Third, unbalanced bilinguals typically name digits or 
pictures faster in a single-language context than on non-switch trials in a 
mixed language context: There are language mixing costs (e.g., Peeters 
and Dijkstra, 2018; Prior and Gollan, 2013; Segal et al., 2021; Timmer 
et al., 2019a,b). 

These three types of findings have at least two important theoretical 
implications. First, in line with the Inhibitory Control Model, switch 
costs have been taken as evidence for the presence of reactive inhibitory 

Fig. 2. Example order of events during a typical cued-language switching experiment. Participants name pictures or digits in their L1 or their L2 as a function of a 
color cue, here a colored rectangle around the pictures (cf. Meuter and Allport, 1999). 
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control processes in the bilingual mind. Indeed, when they are cued to 
switch languages, bilinguals are assumed to inhibit the presently active 
task schema and (re)activate the competing task schema that corre
sponds to the language at hand. The observation of asymmetrical switch 
costs in unbalanced bilingual participants is strongly in line with this 
account, because overcoming the temporary (substantial) inhibition of a 
stronger language should take longer than overcoming the temporary 
(limited) inhibition of a language that is not that strong anyway (Green, 
1998; Meuter and Allport, 1999). Second, the presence of reversed 
language dominance and mixing costs have been taken to indicate that 
bilinguals are capable of proactively and adaptively activating or 
inhibiting one language over another, in a sustained rather than a 
trial-by-trial manner, in line with the Adaptive Control Hypothesis. As 
such, findings obtained with the cued language-switching paradigm are 
nicely in line with prominent theoretical models of bilingual language 
production and control. 

Nevertheless, like the picture-word interference paradigm, the cued 
language-switching task raises the issue of ecological validity, because 
bilinguals in everyday life do not use (arbitrary) cues for selecting what 
language to express their thoughts in via single-word utterances. Rather, 
they often base this decision on contextual cues (e.g., the overall setting, 
or the language background of their interlocutor) or internal motiva
tions (e.g., Molnar et al., 2015; Peeters, 2020; Woumans et al., 2015) 
and produce full sentences. It is therefore a valid question under what 
circumstances switch costs, reversed language dominance, and mixing 
costs may occur in the everyday life of a bilingual outside the lab (cf. 
Myers-Scotton, 2006). 

4. Adding context to experimental bilingual language 
production research 

To what extent do results from strict experimental laboratory para
digms generalize to more natural circumstances? It is increasingly sug
gested that the over-reliance on experimental control has made 
researchers ignore crucial aspects of natural interactive discourse in 
their experimental paradigms (Blanco-Elorrieta and Pylkkänen, 2018; 
Hamilton and Huth, 2020; Hasson et al., 2018; Peeters, 2019; Willems 
and Peelen, 2021). As illustrated by the previous section, for a long time, 
psycholinguistic studies have only minimally incorporated context as
pects into their experimental paradigms, whether they are linguistic (e. 
g., discourse or full-sentence stimuli), social (e.g., looking at language 
production in the presence of an addressee), or non-linguistic (e.g., 
varying the physical context in which a cognitive process takes place) in 
nature. Nevertheless, over the last decades, some researchers in psy
cholinguistics have started to enhance the ecological validity of exper
imental paradigms for bilingual language production by means of clever 
adaptations of the existing paradigms discussed above. We will discuss 
examples of such studies in this section as a basis for our main proposal 
in the next. 

4.1. Extensions of the picture-word interference paradigm 

The original picture-word interference paradigm is contextually 
limited as it reduces the rich and dynamic process of everyday language 
production to a situation where individual participants produce single- 
word utterances in the absence of an actual addressee. Not surpris
ingly, once the paradigm became well-established, researchers have 
therefore begun to extend it in various ways. In the following, we will 
consider extensions in linguistic, social, and meaningful non-linguistic 
physical context aspects. 

The linguistic context in the picture-word interference paradigm was 
initially enriched in the form of the so-called multiword interference 
paradigm (e.g., Meyer, 1996; Schriefers et al., 1998). In the monolingual 
domain, Meyer (1996) presented participants with images of two objects 
next to each other while they heard an auditory distractor word that 
could be semantically or phonologically related to either object name or 

unrelated to both. Participants were instructed to produce phrases (e.g., 
‘the snail and the hill’) or sentences (e.g., ‘the snail is next to the hill’) 
describing the object pair. Whenever the distractor word was semanti
cally related to one of the elicited nouns, it delayed the onset of par
ticipants’ speech compared to the unrelated condition. When the word 
was phonologically related to the first noun in the sentence, phonolog
ical facilitation was observed. No such effect was observed for a 
phonological relation between distractor word and the second noun in 
the sentence. These findings are taken to indicate that the lemma rep
resentations of both nouns and the phonological form of the first (but not 
the second) noun in the phrase were already selected prior to the start of 
the produced utterance, demonstrating a limit to how much phonolog
ical form information is planned in advance at an early stage prior to the 
onset of articulation of a multi-word utterance (Meyer, 1996). Other 
‘extended picture-word interference paradigms’ have used displays of 
two or four images with visually superimposed words to investigate the 
planning and production of different types of utterances including both 
nouns and verbs in a monolingual sentence context (e.g., Momma and 
Ferreira, 2019; Momma et al., 2015; also see Mädebach et al., 2020). 

In the bilingual domain, the extended picture-word interference 
paradigm was recently adopted and adapted in a first study to examine 
the planning and production of multi-word utterances in multilingual 
participants (Ahn et al., 2021). Specifically, the extended paradigm has 
allowed for an investigation of how the syntax of multiple languages is 
stored, activated, and used, for instance in the case of languages with 
varying word orders. The study focused on Korean-English bilinguals, 
exploiting the substantially different word order characteristics in these 
two languages in the description of spatial relations (Ahn et al., 2021). 
Specifically, while English speakers would describe a scene of a lemon 
below a lobster (‘object-first’) using the word order [lemon][below] 
[lobster], speakers of Korean would have to use the order [lobster] 
[below][lemon] to indicate (‘location-first’) that the lemon is below the 
lobster. As such, compared to English monolinguals, concurrent acti
vation of structural word order properties of both languages in the mind 
of a Korean-English bilingual might lead to interference effects caused 
by the mismatch in word order preferences across languages. Interest
ingly, by analyzing the effect of a superimposed visual distractor word 
that was semantically related to one of the two nouns (e.g., ‘apple’ 
related to ‘lemon’; ‘crab’ related to ‘lobster’), the authors were able to 
conclude that cross-linguistic syntactic interference was actually mini
mal. Specifically, relatively proficient Korean-English bilinguals per
formed similarly to English monolinguals when producing sentences in 
English and to Korean speakers with minimal knowledge of English 
when producing sentences in Korean. These findings were even observed 
in a context in which regular switches between the two languages were 
induced. Apparently, this group of Korean-English speakers activated 
only the syntactic structure of the language they were expected to use on 
a given trial, suggesting separately stored noun phrase (word order) 
representations or restricted dual-language activation (Ahn et al., 2021). 
In sum, the degree of cross-linguistic interference observed using the 
extended picture-word interference paradigm differed substantially 
from the observations taken from the traditional picture-word interfer
ence paradigm as summarized above. 

In terms of extending the social and the non-linguistic context present 
in the picture-word interference paradigm, most progress has been made 
in the monolingual domain. Specifically, the traditional paradigm was 
adapted for use in a dialog setup in which two participants jointly take 
part in the experiment and produce both the target word and the dis
tractor themselves (Kuhlen and Abdel Rahman, 2022). In this setup, 
mimicking a card game, one participant would be instructed to name a 
target sentence containing the distractor word as its final item (e.g., 
‘Which word comes on apple?‘), after which the other participant named 
a picture that could be semantically related (e.g., ‘pear’) or not (e.g., 
‘chair’) to that distractor word. Clearly, this experimental setup en
hances the social context in which language is produced, as participants 
produce language in the presence of a listener while having a 
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communicative motive. The non-linguistic physical context is enhanced 
in that participants play a game in a room that is larger and richer in 
nature compared to the traditional individual sound-proof booth. 
Interestingly, in this contextually enriched dialog setup, the classic se
mantic interference effect is not observed (Kuhlen and Abdel Rahman, 
2022). The authors argue that, in their more social setup, participants 
may have processed their partner’s speech primarily at a conceptual 
level. The conceptual facilitation between concepts such as APPLE and 
PEAR may have cancelled out any interference as observed in the 
traditional, non-social experimental setup. While these methodological 
advances yet await adaptations to the bilingual domain, they do show 
once more that well-established result patterns may have limited 
generalizability once context is taken into account. 

In sum, language production studies in the bilingual domain have 
attempted to extend the well-established picture-word interference 
paradigm by enriching the linguistic context and having bilingual par
ticipants produce multiword utterances rather than single words. 
Studies from the monolingual domain show that aspects of a broader 
social and non-linguistic context can be included in the paradigm as 
well. Together, this handful of studies confirms that including a richer 
context in the lab may lead to theoretically and methodologically 
valuable results. 

4.2. Extensions of the language-switching paradigm 

As we have seen above, the traditional cued language-switching 
paradigm has yielded several theoretically interesting insights. Over 
the past decade, similar to adaptations of the picture-word interference 
task described above, the language-switching paradigm has been 
adapted and extended to better include context in the experimental 
equation. Specifically, first steps have been taken to include aspects of 
the linguistic, social, and non-linguistic context in which bilinguals 
typically switch languages in the experimental manipulations (e.g., 
Blanco-Elorrieta and Pylkkänen, 2015; Hartsuiker, 2015; Martin et al., 
2016; Molnar et al., 2015; Peeters, 2020; Peeters and Dijkstra, 2018; 
Smith et al., 2020; Timmer et al., 2017, 2019; Woumans et al., 2015; 
Zhang et al., 2015). 

In terms of enriching the linguistic context in the language-switching 
paradigm, in various studies stimuli have now been used that allow 
participants to produce phrases or sentences rather than single words (e. 
g., Declerck et al., 2021; Declerck and Philipp, 2015; Gollan and Gold
rick, 2016, 2017; Gullifer et al., 2013; Johns and Steuck, 2021; Li et al., 
2022; Sánchez et al., 2022). For instance, one early study in this domain 
had unbalanced Polish-English bilinguals describe scenes using a simple 
progressive or perfective phrase in one of their two languages (Tarlowski 
et al., 2013). Based on an auditory language cue, participants described 
pictures of completed scenes (e.g., someone sitting with an empty glass) 
or pictures of scenes still in action (e.g., someone with a half-raised arm 
holding a full glass) in their L1 Polish or their L2 English. Comparable 
switch costs in both directions (from L1 to L2 and vice versa) and a 
reversed language dominance (faster RTs in L2 English compared to L1 
Polish) were observed when participants described images of ongoing 
actions using a progressive phrase (e.g., ‘He is drinking’). For completed 
actions and use of the perfective (e.g., ‘He has drunk’), however, 
switching from the non-dominant English to the more dominant Polish 
was more costly than the other way around. The authors explain this 
finding by referring to the variable relative difficulty of acquiring 
different L2 English syntactic structures by L1 Polish speakers, where 
there may be more (as in the case of the progressive) or less (as in the 
case of the perfective) cross-linguistic overlap between L1 and L2 in 
terms of how aspect is expressed, with downstream consequences on 
language switching difficulties between phrases. These results hence 
indicate that context may modulate traditional findings from studies 
eliciting one-word utterances. 

In terms of enriching the social and the non-linguistic context in the 
language-switching paradigm, an increasing number of studies have 

turned to using more naturalistic and ‘motivated’ language cues. The use 
of well-known iconic cultural artifacts (e.g., the Statue of Liberty or the 
Great Wall of China) as cues has been observed to facilitate speaking in 
the language associated with that cue (Zhang et al., 2013). Also faces 
have been shown to prime a language, such that bilinguals are faster in 
producing words to a listener in a language that matches the presumed 
language identity of that listener (Woumans et al., 2015; cf. Blanco-E
lorrieta and Pylkkänen, 2015, 2017; Molnar et al., 2015). Indeed, for 
people we have met before, we typically know in which language we can 
communicate with them, and an individual interlocutor may serve as its 
own natural language cue, even in the case of famous individuals we do 
not know personally (Hartsuiker, 2015). Importantly, the use of more 
naturalistic language cues has been shown to modulate switch costs. For 
instance, symmetrical switch costs turned into asymmetrical switch 
costs for Chinese-English bilinguals when languages were cued by 
language-congruent facial cues compared to artificial color cues (Liu 
et al., 2019). At the same time, a reversed language dominance was 
observed irrespective of whether the language cue was artificial or 
motivated (Liu et al., 2019). 

Not just the type of cue used, but also the overall physical context in 
which a language switching experiment is taking place may influence 
the results one observes. For example, in a study by Peeters and Dijkstra 
(2018), unbalanced Dutch-English bilinguals met two life-size virtual 
agents with a different monolingual language background (Dutch vs 
English). The virtual agents introduced themselves in either Dutch or 
English, after which participants named pictures in a large 3D virtual 
environment as a function of which of the two agents looked at them 
during picture presentation. This setup, which increased the social and 
non-linguistic context in comparison to traditional cued 
language-switching studies, reliably yielded symmetrical switch costs 
and reversed language dominance as in traditional studies testing this 
bilingual population. However, when the experiment was taken into a 
visually rich marketplace, and bilingual participants acted as stand 
owners informing monolingual market visitors about the price of their 
fruits and vegetables, reversed asymmetrical rather than symmetrical 
switch costs were found (Titus and Peeters, under review). 

Finally, several studies have attempted to examine language 
switching and mixing in the absence of any language cue, by allowing 
participants to voluntarily switch between languages throughout (a part 
of) an experiment (e.g., de Bruin et al., 2018; Gollan and Ferreira, 2009; 
Jevtović et al., 2020; Sánchez et al., 2022). The voluntary 
language-switching paradigm typically follows the same procedure as 
the original cued language-switching task, but adds another block of 
mixed-language trials to the experiment. In this block of ‘free-choice 
switching’, participants may respond with whatever language comes to 
mind first rather than using an external cue. As in certain everyday 
situations, bilinguals may naturally choose which language to respond 
with, which makes a switch between languages potentially less effortful 
and may even provide a benefit if they pick the word that comes to mind 
first regardless of the language it belongs to (de Bruin et al., 2018; Gollan 
and Ferreira, 2009; Jevtović et al., 2020). A range of findings has been 
observed, with some studies showing similar switch costs in voluntary 
and cued tasks (e.g., de Bruin et al., 2018), other studies showing smaller 
voluntary than cued switch costs (e.g., Jevtović et al., 2020), and yet 
some other studies showing no switching costs at all when switches are 
voluntary (e.g., Blanco-Elorrieta and Pylkkänen, 2017). In addition, 
voluntary language choice has sometimes made mixing costs disappear 
or even turn into mixing benefits (e.g., de Bruin et al., 2018, 2020; 
Gollan and Ferreira, 2009; Jevtović et al., 2020). As such, 
language-switching studies using (artificial) exogenous cues may have 
overestimated the cost of language switching and mixing compared to 
naturally occurring, endogenously motivated switches in a bilingual’s 
everyday life (Peeters et al., 2014). Nevertheless, studies on spontaneous 
language switching in naturalistic conversations do suggest that 
switching may come at a cost (Faroqi-Shah and Wereley, 2022; Fricke 
et al., 2016) and the presence of ‘motivated’ language cues such as flags 
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does influence what language a bilingual will naturally use (de Bruin 
and Martin, 2022; see also Vaughan-Evans, 2023). 

In sum, a broad variety of studies have expanded the original 
language-switching paradigm by increasing its linguistic, social, and/or 
non-linguistic richness, as inspired by the multidimensional nature of 
everyday bilingual interactions. These adaptations have led to result 
patterns that are not always in line with findings obtained using the 
traditional cued language-switching paradigm. As such, it seems fruitful 
to further investigate the extent to which cognitive processes involved in 
bilingual language production differ as a function of context. Indeed, 
while important first steps have now been taken, there are still several 
discrepancies between the behavior elicited from bilingual participants 
in lab setups as compared to the rich and dynamic settings in which 
bilinguals produce language in everyday life. 

5. Promising future avenues for bilingual language production 
research 

As we have seen above, theoretical models typically ascribe an 
important role to context effects in bilingual language processing. At the 
same time, however, standard experimental paradigms in this domain 
commonly do not consider the aspects of the broader context in which 
bilinguals typically communicate in any detail. It is only in recent ad
aptations that these paradigms have started to do so. In the present 
section, we will provide three proposals intended to advance the field 
from traditional lab studies towards more contextually relevant exper
imental paradigms. The first proposal (discussed in Section 5.1) focuses 
on simultaneously enriching the linguistic, social, and non-linguistic 
context by using virtual reality technology as a new mode of stimulus 
display in bilingual language production research. Analogously, the 
second proposal (Section 5.2) considers how the experimental study of 
bilingual language production could be enriched by studying the phe
nomenon in the context of bilingual language comprehension in dialog 
setups. Finally, our third proposal (Section 5.3) argues in favor of 
considering bilingual language production first and foremost from a 
multimodal perspective. In this perspective, bilingual speech production 
is studied in the context of the other bodily signals - such as facial ex
pressions and co-speech hand gestures - that bilinguals naturally trans
mit while speaking. 

5.1. Use of virtual reality to study bilingual language production 

Typically, bilingual speakers in everyday life produce multi-word 
utterances in rich and dynamic social contexts, like a market place, 
bar, or university. In contrast, bilingual participants in a standard lan
guage production experiment are usually positioned in front of a com
puter screen to name digits or pictures in one language or another as a 
function of task instructions and/or language cues. In this perceptually 
poor and static environment, they are commonly asked to speak only 
single words into a microphone. In a sense, it is difficult to come up with 
a setting that is further removed from real life than the lab, given that 
the core aspects of everyday communication have been taken out. So 
how can we reproduce the richness of everyday bilingual communica
tion in the lab? 

To tackle this issue, we have distinguished between the linguistic, 
social, and non-linguistic physical context in which bilingual language 
production typically takes place. In the last decade, psycholinguistic 
work has increasingly applied immersive virtual reality technology for 
creating such rich settings in the lab while maintaining the experimental 
control required to collect meaningful data (see Fig. 3). Studies have 
now used virtual reality to investigate practically all aspects of the 
psychology of language, from the acquisition and use of spatial language 
(Nölle et al., 2020) to the production of pointing gestures and their 
synchronization with speech production processes (Chu and Hagoort, 
2014; Raghavan et al., 2023), to the role of prediction in language 
comprehension (Heyselaar et al., 2021; Huizeling et al., 2022), and even 

to the cognitive processes underlying reading (Mirault et al., 2020; 
Pianzola et al., 2019). As we saw above, also a first study on bilingual 
language production turned to using virtual reality technology as a 
means of more real-life stimulus display. This allowed bilingual partic
ipants to produce language for life-size and 3D virtual listeners in the lab 
(Peeters and Dijkstra, 2018). 

Critically, the immersive stimulus display provided by virtual reality 
technology requires and allows the incorporation of linguistic, social, 
and physical context aspects. Who will the (bilingual) participant 
interact with in the virtual world? What should this virtual world 
actually look like? What linguistic input is the participant presented 
with and what linguistic output do we expect the participant to produce? 
What should the virtual agents’ non-verbal behavior look like? Impor
tantly, we know that participants typically interact with virtual agents as 
they would with actual humans (Heyselaar et al., 2017; Gijssels et al., 
2016). They even take into account the virtual agents’ non-verbal bodily 
signals during language comprehension (Hömke et al., 2018). At the 
same time, obtained data are as reliable as those collected using com
puter paradigms in the language sciences (Huizeling et al., 2022; Peeters 
and Dijkstra, 2018; Tromp et al., 2018). Participants commonly feel 
present in the virtual environment and suspend their disbelief (Cum
mings and Bailenson, 2016; Slater, 2009). As such, the method can 
reliably be applied to study bilingual language production in context as 
well. 

Virtual reality cannot only be used to answer old questions in new 
ways, but also generates new theoretical questions. Peeters (2020) 
investigated to what extent switching between listeners during bilingual 
language production yields similar behavioral and neurophysiological 
switch costs as in switching between languages. Unbalanced 
Dutch-English bilinguals were immersed in a virtual environment where 
they met two Dutch and two English virtual agents. Depending on whom 
of these four addressees looked at them, they described pictures in either 
Dutch or English. Switching between listeners, even within the same 
language, was found to slow down response times compared to 
addressing the same listener twice in a row. When this listener switch was 

Fig. 3. Experimental control and ecological validity when considered as two 
orthogonal factors rather than two ends on a continuum (adapted from Peeters, 
2019). While many non-experimental observational studies do not require and 
lack experimental control, and for many standard computer experiments it 
remains unclear to what extent they are ecologically valid, virtual reality holds 
the promise to combine the best of both worlds. 
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at the same time a language switch, response times slowed down even 
more. Thus, switching languages comes at a cost over and above the cost 
that is induced by switching between (naturalistic) language cues. 
Interestingly, listener switches within and across languages yielded 
similar amplitude deviations in the bilinguals’ event-related potentials 
prior to speaking. This finding suggests that any potential cognitive 
benefits of bilingualism are not caused by bilinguals’ switching between 
languages, given that switching between listeners within the same lan
guage elicits similar neurophysiological activity compared to switching 
between listeners across languages (Peeters, 2020). 

In this virtual reality application, bilinguals switch for specific lis
teners in a 3D environment. As a consequence, the social and non- 
linguistic physical context in the experiment is contextually enriched 
relative to traditional studies that present stimuli on a computer screen. 
Nevertheless, the linguistic context in this study was still limited, 
because participants responded only with single-word utterances. 
Ongoing work therefore puts bilingual participants in an immersive 
virtual market place where they act as store owners of a fruit and 
vegetable stand (Titus and Peeters, under review). In this environment, 
life-size virtual agents meet the participant, showing them a piece of 
fruit or a vegetable while wanting to know its cost (see Fig. 4). Partici
pants have been made aware that these virtual customers function as 
Dutch or English monolinguals. They can therefore answer the cus
tomers with full sentences, such as ‘the pineapple costs 90 cents’ or its 
Dutch equivalent. A change of customer may or may not correspond to a 
switch between languages. This allows the experiment not only to make 
a distinction between interlocutor and language switches, but also to 
establish whether any switch costs or reversed language dominance 
surface under lifelike conditions (Titus and Peeters, under review). 

In sum, the rich environments that can be created in the lab by vir
tual reality technology allow one to realistically study the role of context 
in bilingual language production outside of the lab. For instance, it is 
possible now to immerse bilingual participants in different cultural 
contexts, such as a French café or an English pub, and test how the bi
lingual’s presence in one or the other culture-specific environment af
fects their language switching behavior. Although designing a virtual 

reality study is graphically more challenging than setting up a picture 
naming study, databases with validated 3D assets are now available 
(Hein et al., 2022; Peeters, 2018; Tromp et al., 2020). Furthermore, 
virtual reality headsets have become relatively affordable. In all, the 
virtual reality research method effectively allows an important 
enhancement of the various contexts in which bilingual language pro
duction occurs. 

5.2. Focus on bilingual dialog situations in the lab 

While the shift from single-word picture naming to the production of 
sentences enriched the linguistic context in which bilingual language 
production research took place, existing studies of bilingual sentence 
production have commonly focused on one side of linguistic interaction, 
namely language production. Obviously, language use commonly occurs 
in a broader context that is often bidirectional: We speak and listen to an 
interlocutor in our everyday communication, and align what we say to 
the person we speak with (Brennan and Clark, 1996; Garrod and Pick
ering, 2004). A conversation can be thought of as a joint action, in which 
the interlocutors constantly take each other’s viewpoint into account 
and adapt what they say to the assumed communicative needs of their 
partner (Clark, 1996). Would one scientifically investigate dancing the 
tango by asking individuals to dance on their own in a research labo
ratory (cf. Sebanz et al., 2006)? 

In Sections 4.1 and 4.2 we saw that both the standard cued language- 
switching paradigm and the standard picture-word interference para
digm have been extended to focus on bilinguals’ production of multi- 
word utterances (i.e., phrases, sentences). Then, in Section 5.1, we 
saw that virtual reality can be used to have bilinguals switch between 
languages in a rich physical context in which they produce full sentences 
for an addressee. Although the linguistic and non-verbal behavior of 
virtual agents is more easily replicable across experimental sessions and 
different labs than the behavior of human confederates (Kuhlen and 
Brennan, 2013), having a naturalistic and full-fledged dialog with a 
virtual agent or avatar still remains a technical challenge (Lugrin et al., 
2022). Nevertheless, it is possible to study bilinguals’ production of 

Fig. 4. A virtual reality CAVE setup, as seen from the control room situated behind it. In the CAVE, the participant wears 3-D shutter glasses to become immersed in a 
virtual environment that is projected around them on large digital screens. In this example, bilingual participants are stand owners at a 3D market place. They 
communicate with life-size virtual customers in one language or another as a function of the customer’s language background (cf. Titus and Peeters, under review). 
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sentences in dialog settings in the lab. 
The switching between languages in a bilingual dialog context has 

recently been studied experimentally by Kootstra et al. (2020). In two 
experiments, unbalanced Dutch-English bilinguals played a game with a 
confederate in which participant and confederate took turns describing 
line drawings of events in single, active sentences. Confederates could 
switch between Dutch and English within a sentence (‘code-switching’) 
or not, and pictures could elicit words that overlapped between Dutch 
and English (e.g., Dutch roos, corresponding to the English word rose) or 
not (e.g., Dutch fiets, corresponding to the English word bike). Partici
pants were allowed to use Dutch, English, or a combination of both (i.e., 
code-switching) to describe target pictures. Interestingly, participants 
code-switched more often when the confederate just code-switched 
compared to when the confederate just produced a sentence in Dutch. 
They particularly did so when the picture for the participant could be 
described using a cognate (e.g., Dutch roos, English rose). Thus, partic
ipants aligned their choice of language to the behavior of their conver
sational partner, and lexical overlap between languages could be an 
additional trigger to do so. 

By considering sentence production in a dialog setup, it becomes 
clear that the bilingual language production process is strongly depen
dent on social and linguistic context. Specifically, recently encountered 
linguistic input activating the language comprehension system affects 
the language choice a bilingual makes for production. Bilinguals 
commonly align their speech with their dialog partner. Such central 
properties of bilingual language production cannot be investigated in 
paradigms in which bilingual participants name pictures or digits in an 
isolated booth into a microphone. Indeed, theoretical models such as the 
Adaptive Control Hypothesis can be tested and further developed only 
by manipulating the (social, linguistic, physical) context in which 
bilingual language production takes place. Therefore, the psycholin
guistic study of bilingual language production from a dialog perspective 
is a promising and timely way to go. In turn, the sociolinguistic analysis 
of naturalistic bilingual language production in speech corpora may 
serve as a well-informed foundation for the development of targeted 
psycholinguistic experiments to test and extend existing cognitive 
models of bilingual language use (e.g., Fricke and Kootstra, 2016; Fricke 
et al., 2016). 

5.3. Focus on multimodal bilingual communication in the lab 

Human communication is intrinsically multimodal in nature, in that 
we typically use multiple bodily channels in parallel to get our 
communicative messages across. In face-to-face situations, we often 
combine a spoken signal with a meaningful facial expression in tight 
synchronization with the co-speech hand gestures we concurrently 
produce (Holler and Levinson, 2019; Mondada, 2016). Extensions of the 
standard model of language production, such as the Interface Hypoth
esis, consider the production of such multimodal messages (Kita and 
Özyürek, 2003). Surprisingly, in the experimental study of bilingual 
language production, ‘language’ has often been fully equated with 
‘speech’. Common laboratory tasks such as picture-word interference or 
cued-language switching ignore any non-spoken bodily signals pro
duced by the speaker. Research on bilingual language acquisition in 
children often does look into communicative non-verbal signals (e.g., 
Nicoladis et al., 1999) and research on bimodal bilingualism naturally 
focuses on the body as a communicative channel (e.g., Emmorey et al., 
2008). In contrast, psycholinguistic studies on bilingual spoken lan
guage production tend to focus on the unimodal speech stream alone. 

In the literature on hand gestures and speech-gesture integration, it is 
commonly accepted that speech and gesture form one integrated system 
(e.g., Kendon, 2004; McNeill, 1992; Özyürek, 2014). We therefore miss 
out on understanding a significant part of our communicative abilities if 
we reduce language to speech. Moreover, what and how many bodily 
signals bilinguals transmit may differ as a function of what language 
they concurrently speak in. For instance, bilinguals may produce more 

gestures in their weaker compared to their stronger language (Gullberg, 
1998; Marcos, 1979). Approaching bilingual language production from 
a multimodal perspective raises many new and original theoretical 
questions (also see Gullberg, 2012). How do bilinguals synchronize their 
hand gestures and facial expressions with concurrently produced speech 
in their two languages? To what extent do language-specific co-speech 
gestures require inhibition when communicating in the other language? 
Are co-speech gestural representations, like lexical items, stored with a 
particular language tag in long term memory, or are they linked to 
relatively language-independent conceptual representations instead? 
How should models of bilingual language production and control be 
extended to account for the bodily signals bilinguals produce when they 
speak? How does language proficiency modulate aspects of bilingual 
non-verbal communication? 

Over the past decade, only a few studies have started looking at bi
linguals’ gestural behavior in the lab. Azar et al. (2020) compared the 
gestural behavior of Turkish-Dutch bilinguals to that of Dutch and 
Turkish monolinguals in an event description task. Participants watched 
silent videos on a computer screen and were subsequently asked to 
explain to a naïve addressee what they just saw in each video. Bilingual 
participants performed the task once in Turkish and once in Dutch, with 
a two-week interval in between. Overall, it was observed that mono
lingual Turkish speakers gestured more than Dutch monolinguals, and 
that bilingual co-speech gesture rate matched these cross-linguistic 
differences dependent on the task language. In other words, 
Turkish-Dutch bilinguals gestured as much as Turkish monolinguals 
when speaking Turkish, and as little as Dutch monolinguals when 
speaking Dutch. Therefore, when switching from one language to 
another, these bilinguals seem to adapt their overall gestural behavior as 
well. In a different study, Özçalişkan (2016) actually observed that the 
co-speech gestures of Turkish-English bilinguals resembled those of 
Turkish monolinguals, regardless of whether the bilinguals described 
motion events in their L1 Turkish or their L2 English. These studies 
deserve follow-up work, not only because their findings stand in 
contrast, but also and mainly because they enrich our understanding of 
the bilingual language production process. 

In sum, focusing on language as a unimodal phenomenon, it is 
impossible to achieve a full understanding of the cognitive processes 
supporting bilingual language production. When speakers are embedded 
in a social context, they will naturally co-produce meaningful signals via 
bodily channels such as the hands and face. In fact, by approaching 
language as an integrated multimodal system of closely synchronized 
streams of (visual, auditory) information, the bodily signals themselves 
can be seen as enriching the linguistic context in which speech is pro
duced (Dijkstra and Peeters, 2023). 

6. Conclusion 

While laboratory experiments allow us to determine the basic 
mechanisms underlying language processing under empirically well- 
controlled conditions, the ultimate goal of psycholinguistics is to un
derstand real-life human language use. A comprehensive analysis of 
complex language activities such as bilingual language production re
quires therefore research paradigms that combine experimental vigor 
with ecological validity. We have described the possibilities but also the 
limitations of the paradigms that have dominated the field, as well as the 
attempts to extend them to richer and more naturalistic, contextually- 
sensitive circumstances of bilingual language use. More recently, para
digms have shifted their focus from processing mechanisms in individual 
language users to aspects of dialog, allowing the investigation of the 
interaction of speech production and comprehension, and the interac
tion of speech and non-verbal bodily signals. Although this has clarified 
some aspects of speaker-internal contextual effects, the effects of phys
ical and social contextual influences remain relatively little understood. 

With the arrival of advanced virtual reality technology, the experi
menter’s goal of performing ecologically valid research while keeping 
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experimental control comes within reach. This is especially important 
for the study of bilinguals, because their language use may be considered 
as one of the most complex human feats. In particular, virtual reality 
introduces the possibility of generating complex physical and social 
contexts at relatively low cost. Importantly, use of the method allows the 
simultaneous manipulation and combination of multiple contextual and 
language factors. This opens up a vision of future research in which 
multiple disciplines contribute to bilingual language production 
research by investigating the interactions between multiple modalities, 
including the consideration of gesture, facial cues, visual search, 
emotion, and complex decision making. Participants can, for instance, 
be immersed in realistic and dynamic non-linguistic contexts such as a 
Saturday marketplace, workplace, or café in the home country or 
abroad. In terms of linguistic contexts, participants could speak with 
monolingual and multilingual virtual agents, while incorporating a 
greater depth of interlocutor background knowledge and various 
discourse scenarios. 

In sum, we have argued that recent advances allow the researcher to 
add a variety of linguistic and non-linguistic context aspects to the 
experimental study of bilingual language production. The resulting 
multimodal perspective allows the investigation of language use in rich 
and broad social and interactive natural discourse contexts. Because of 
its immersive character and the relatively easy manipulation of a variety 
of context factors, virtual reality allows the study of natural bilingual 
language production in dialogs including multiple full-sentence utter
ances. As such, it will bring the researchers’ dream of understanding 
actual day-to-day language production, in monolinguals and bilinguals 
alike, closer to reality. 
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Molnar, M., Ibáñez-Molina, A., Carreiras, M., 2015. Interlocutor identity affects language 
activation in bilinguals. J. Mem. Lang. 81, 91–104. https://doi.org/10.1016/j. 
jml.2015.01.002. 

Momma, S., Ferreira, V.S., 2019. Beyond linear order: the role of argument structure in 
speaking. Cognit. Psychol. 114, 101228 https://doi.org/10.1016/j. 
cogpsych.2019.101228. 

Momma, S., Slevc, L.R., Phillips, C., 2015. The timing of verb selection in Japanese 
sentence production. J. Exp. Psychol. Learn. Mem. Cognit. 42 (5), 813. https://doi. 
org/10.1037/xlm0000195. 

Mondada, L., 2016. Challenges of multimodality: language and the body in social 
interaction. J. SocioLinguistics 20 (3), 336–366. https://doi.org/10.1111/josl.1_ 
12177. 

Myers-Scotton, C., 2006. Natural codeswitching knocks on the laboratory door. Biling. 
Lang. Cognit. 9 (2), 203–212. https://doi.org/10.1017/S1366728906002549. 

Nicoladis, E., Mayberry, R.I., Genesee, F., 1999. Gesture and early bilingual 
development. Dev. Psychol. 35, 514–526. https://doi.org/10.1037/0012- 
1649.35.2.514. 

Nölle, J., Kirby, S., Culbertson, J., Smith, K., 2020. Does environment shape spatial 
language? A virtual reality experiment. In: Ravignani, A., Barbieri, C., Martins, M., 
Flaherty, M., Jadoul, Y., Lattenkamp, E., Little, H., Mudd, K., Verhoef, T. (Eds.), The 
Evolution of Language: Proceedings of the 13th International Conference 
(EvoLang13), pp. 321–323. 
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Özyürek, A., 2014. Hearing and seeing meaning in speech and gesture: insights from 
brain and behaviour. Phil. Trans. Biol. Sci. 369 (1651), 20130296 https://doi.org/ 
10.1098/rstb.2013.0296. 

Peeters, D., 2018. A standardized set of 3-D objects for virtual reality research and 
applications. Behav. Res. Methods 50 (3), 1047–1054. https://doi.org/10.3758/ 
s13428-017-0925-3. 

Peeters, D., 2019. Virtual reality: a game-changing method for the language sciences. 
Psychonomic Bull. Rev. 26 (3), 894–900. https://doi.org/10.3758/s13423-019- 
01571-3. 

Peeters, D., 2020. Bilingual switching between languages and listeners: insights from 
immersive virtual reality. Cognition 195, 104107. https://doi.org/10.1016/j. 
cognition.2019.104107. 

Peeters, D., Dijkstra, T., 2018. Sustained inhibition of the native language in bilingual 
language production: a virtual reality approach. Biling. Lang. Cognit. 21 (5), 
1035–1061. https://doi.org/10.1017/S1366728917000396. 

Peeters, D., Runnqvist, E., Bertrand, D., Grainger, J., 2014. Asymmetrical switch costs in 
bilingual language production induced by reading words. J. Exp. Psychol. Learn. 
Mem. Cognit. 40 (1), 284–292. https://doi.org/10.1037/a0034060. 

Penfield, W., Roberts, L., 1959. Speech and Brain Mechanisms. Princeton University 
Press. 

Philipp, A.M., Gade, M., Koch, I., 2007. Inhibitory processes in language switching: 
evidence from switching language-defined response sets. Eur. J. Cognit. Psychol. 19 
(3), 395–416. https://doi.org/10.1080/09541440600758812. 

Pianzola, F., Bálint, K., Weller, J., 2019. Virtual reality as a tool for promoting reading 
via enhanced narrative absorption and empathy. Scientific Study of Literature 9 (2), 
163–194. https://doi.org/10.1075/ssol.19013.pia. 

Poulisse, N., Bongaerts, T., 1994. First Language use in second language production. 
Appl. Ling. 15 (1), 36–57. https://doi.org/10.1093/applin/15.1.36. 

Prior, A., Gollan, T.H., 2013. The elusive link between language control and executive 
control: a case of limited transfer. J. Cognit. Psychol. 25 (5), 622–645. https://doi. 
org/10.1080/20445911.2013.821993. 

Raghavan, R., Raviv, L., Peeters, D., 2023. What’s your point? Insights from virtual 
reality on the relation between intention and action in the production of pointing 
gestures. Cognition 240, 105581. https://doi.org/10.1016/j. 
cognition.2023.105581. 

Roelofs, A., 1992. A spreading-activation theory of lemma retrieval in speaking. 
Cognition 42 (1), 107–142. https://doi.org/10.1016/0010-0277(92)90041-F. 

Roelofs, A., 1997. The WEAVER model of word-form encoding in speech production. 
Cognition 64 (3), 249–284. https://doi.org/10.1016/S0010-0277(97)00027-9. 

Roelofs, A., 1998. Lemma selection without inhibition of languages in bilingual speakers. 
Biling. Lang. Cognit. 1, 94–95. https://doi.org/10.1017/S1366728998000194. 

Roelofs, A., 2014. A dorsal-pathway account of aphasic language production: the 
WEAVER++/ARC model. Cortex 59, 33–48. https://doi.org/10.1016/j. 
cortex.2014.07.001. 

Roelofs, A., 2018a. A unified computational account of cumulative semantic, semantic 
blocking, and semantic distractor effects in picture naming. Cognition 172, 59–72. 
https://doi.org/10.1016/j.cognition.2017.12.007. 

Roelofs, A., 2018b. One hundred fifty years after Donders: insights from unpublished 
data, a replication, and modeling of his reaction times. Acta Psychol. 191, 228–233. 
https://doi.org/10.1016/j.actpsy.2018.10.002. 

Roelofs, A., Piai, V., Garrido Rodriguez, G., 2011. Attentional inhibition in bilingual 
naming performance: evidence from delta-plot analyses. Front. Psychol. 2 https:// 
doi.org/10.3389/fpsyg.2011.00184 article 184.  

Roelofs, A., Verhoef, K., 2006. Modeling the control of phonological encoding in 
bilingual speakers. Biling. Lang. Cognit. 9 (2), 167–176. https://doi.org/10.1017/ 
S1366728906002513. 

Rosinski, R.R., Golinkoff, R.M., Kukish, K.S., 1975. Automatic semantic processing in a 
picture-word interference task. Child Dev. 46 (1), 247–253. https://doi.org/ 
10.2307/1128859. 

Runnqvist, E., Strijkers, K., Alario, F.-X., Costa, A., 2012. Cumulative semantic 
interference is blind to language: implications for models of bilingual speech 
production. J. Mem. Lang. 66 (4), 850–869. https://doi.org/10.1016/j. 
jml.2012.02.007. 

Runnqvist, E., Strijkers, K., Costa, A., 2019. Error-based learning and lexical competition 
in word production: evidence from multilingual naming. PLoS One 14 (3), 
e0213765. https://doi.org/10.1371/journal.pone.0213765. 

Sánchez, L.M., Philipp, A.M., Struys, E., Declerck, M., 2023. Bilingual Language 
production: a tale about interference resolution in different linguistic contexts. In: 
Hartsuiker, R.J., Strijkers, K. (Eds.), Language Production. Routledge. https://doi. 
org/10.4324/9781003145790. 

Sánchez, L.M., Struys, E., Declerck, M., 2022. Ecological validity and bilingual language 
control: voluntary language switching between sentences. Language, Cognition and 
Neuroscience 37 (5), 615–623. https://doi.org/10.1080/23273798.2021.2016873. 

Schriefers, H., Meyer, A.S., Levelt, W.J.M., 1990. Exploring the time course of lexical 
access in language production: picture-word interference studies. J. Mem. Lang. 29 
(1), 86–102. https://doi.org/10.1016/0749-596X(90)90011-N. 

Schriefers, H., Teruel, E., Meinshausen, R.M., 1998. Producing simple sentences: results 
from picture–word interference experiments. J. Mem. Lang. 39 (4), 609–632. 
https://doi.org/10.1006/jmla.1998.2578. 

Sebanz, N., Bekkering, H., Knoblich, G., 2006. Joint action: bodies and minds moving 
together. Trends Cognit. Sci. 10 (2), 70–76. https://doi.org/10.1016/j. 
tics.2005.12.009. 

Segal, D., Prior, A., Gollan, T.H., 2021. Do all switches cost the same? Reliability of 
language switching and mixing costs. Journal of Cognition 4 (1), 3. https://doi.org/ 
10.5334/joc.140. 

Slater, M., 2009. Place illusion and plausibility can lead to realistic behaviour in 
immersive virtual environments. Phil. Trans. Biol. Sci. 364 (1535), 3549–3557. 
https://doi.org/10.1098/rstb.2009.0138. 

Smith, S.A., Seitz, S.R., Koutnik, K.H., Mckenna, M., Garcia, J.N., 2020. The “work” of 
being a bilingual: exploring effects of forced language switching on language 
production and stress level in a real-world setting. Appl. Psycholinguist. 41 (3), 
701–725. https://doi.org/10.1017/S0142716420000259. 

Tarlowski, A., Wodniecka, Z., Marzecová, A., 2013. Language switching in the 
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