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Abstract

Recent studies showed contradictory results with regard to the implementation of proactive
language control during bilingual sentence production. To add novel evidence to this debate, the
current study investigated the blocked language order effect, a measure of proactive language
control that has previously only been examined in single-word production. More specifically,
bilingual participants completed a network description task, using their L1 in Blocks 1 and 3 and
their L2 in Block 2. Results showed increased language intrusions in Block 3 compared to Block
1. This pattern indicates that proactive language control can be implemented during bilingual
sentence production.

Highlights

• Can the blocked language order effect be found during sentence production?
• A blocked language order effect was observed with bilingual participants.
• Hence, proactive language control can be used in sentences in a single-language context.

1. Introduction

An increasing amount of research investigates the nature of language control (i.e., the process
that reduces cross-language interference in bilingual language production), mostly focusing on
single-word production (e.g., Declerck & Koch, 2023; Green, 2018). This line of research has
shown that language control seems near ubiquitous during single-word production (e.g., de
Bruin & Xu, 2023; Meuter & Allport, 1999). More recent research on sentence production, on
the other hand, is less straightforward, with findings suggesting that language control might be
less relevant in a sentence context (e.g., Declerck et al., 2021; Gullifer et al., 2013). This
difference in language control implementation between word and sentence production could
be due to predictable sentence contexts constraining the number of possible lemmas (Ferreira
& Pashler, 2002). In a bilingual context this would result in less cross-language activation
between L1 and L2 lemmas, which in turn would reduce the need for language control (see also
Declerck & Philipp, 2015). Nevertheless, Hartsuiker et al. (2004) showed that cross-language
interference not only occurs at the lemma but also at the syntactic level (see Hartsuiker &
Pickering, 2008 for a review). Hence, while cross-language interference could be reduced at the
lemma level in a sentence context, additional interference might occur at the syntactic level,
which would then require more language control. The role of language control in sentence
production thus remains unclear. To further investigate this issue, we set out to test if proactive
language control is used in a sentence context. Proactive language control is implemented when
a bilingual anticipates non-target language interference (e.g., de Bruin et al., 2023; Declerck,
2020; for an alternative explanation of the here reported proactive control measure, see Wolna
et al., 2024).

So far, two effects assumed to index proactive language control have been investigated in a
sentence context: mixing costs and the reversed language dominance effect. Mixing costs
reflect worse performance in repetition trials (i.e., the same language is used in the current trial
as the prior trial) in mixed-language blocks compared to trials in single-language blocks. This
effect can be explained through proactive language control by arguing that in single blocks
only the target language is activated while the non-target language is inhibited proactively. In
contrast, both languages are activated in advance in mixed blocks since either language could
be required in the next trial (Ma et al., 2016; Peeters & Dijkstra, 2018). Due to the activation of
both languages, there would be more cross-language interference in these blocks compared to
single blocks. This should result in worse performance in the former and hence in mixing
costs.
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Gullifer et al. (2013) investigated this effect with two groups of
Spanish-English bilinguals who read sentences silently, except for
one marked word that had to be named out loud. One of the groups
was presented with sentences in one language per block (single-
language condition). The other group completed blocks with both
Spanish and English sentences (mixed-language condition). The
results showed small mixing costs, with the ANOVA being signifi-
cant for items only (reaction times: 23 ms; error rates: 2%). This led
the authors to conclude that the effect was unreliable.

Unlike Gullifer et al. (2013), Declerck et al. (2021) recently
showed that reliable mixing costs could be observed during sentence
production. In this study, Dutch-French bilinguals had to describe
the route of a dot that moved through networks of pictures. Each
transition from one picture to another had to be described with a
sentence (including the direction, type of line and picture). In the
single-language blocks, participants were told beforehand which
language to use throughout the network. In the mixed-language
block, a colored frame (green or blue) around each picture indi-
cated which language participants had to use to describe each
transition. This study focused on two dependent variables: lan-
guage intrusions and filled pauses. Language intrusions are errors
in that the correct message is conveyed in the incorrect language
(e.g., when a Dutch-English bilingual wants to say hond, which
means dog in Dutch, but says dog) and are typically seen as a
breakdown of language control. Filled pauses are vocalizations
that fill a gap during speaking (e.g., uh, um and er). As such, they
indicate increased cognitive load during production (e.g., Hart-
suiker & Notebaert, 2010; Sugiura et al., 2020). Declerck et al.
(2021) observed more language intrusions and filled pauses in
repetition trials of mixed-language blocks than in trials of single-
language blocks and thus found mixing costs. However, several
other accounts unrelated to proactive language control have been
put forward to explain mixing costs, making them a rather
ambiguous measure (see Prior & MacWhinney, 2010).

A more prudent measure of proactive language control is the
reversed language dominance effect. Typically, first language
(L1) performance is better than second language (L2) performance
in single-language blocks (for a review, see Runnqvist et al., 2011),
while the opposite pattern can be observed in mixed blocks (e.g.,
Christoffels et al., 2007; Heikoop et al., 2016). This reversed language
dominance effect is usually explained by proactive inhibition of the
more dominant L1 in mixed-language blocks. This should lead to a
more similar activation of L1 and L2, thereby easing overall perform-
ance in a mixed context, which, in turn, should result in similar L1
and L2 performance (e.g., Gollan & Ferreira, 2009). However, the
reversed language dominance pattern rather shows worse L1 than L2
performance in mixed blocks. This can be explained by an over-
shooting of L1 proactive inhibition, which is probably due to bilin-
guals not knowing exactly howmuch inhibition to implement on L1
(e.g., Declerck et al., 2020).

Studies investigating the reversed language dominance effect in
sentences have not shown a clear-cut pattern. Gullifer et al. (2013)
found no evidence for this effect (see alsoDeclerck&Philipp, 2015).
Yet, Tarłowski et al. (2013) did observe this effect with Polish-
English bilinguals that described depicted scenes.

Unlike themeasures discussed above, a third index that has been
linked to proactive language control has to date only been tested
with single-word production: the blocked language order effect
(e.g., Branzi et al., 2014; Casado et al., 2022; Degani et al., 2025;
Wodniecka et al., 2020). Previous studies obtained this effect by
relying on consecutive single-language blocks that require the use of
a different language per block. In one prominent design, bilinguals

complete the task in three blocks, typically using L1 in Blocks 1 and
3, while completing Block 2 in L2. Studies employing this design
have usually found worse L1 performance in Block 3 after having
used L2 in Block 2, relative to L1 performance in Block 1 (Branzi
et al., 2014; Degani et al., 2020; see Wodniecka et al., 2020 for
potential confounds in this design).

This pattern is commonly explained by proactive inhibition
(Declerck, 2020; Declerck & Koch, 2023, for alternative explan-
ations, see Wodniecka et al., 2020; Wolna et al., 2024). When using
L2 consistently in Block 2, L1 will be inhibited proactively. This
proactive control of L1 is assumed to persist into Block 3, where it
has to be overcome to use L1 successfully. Hence, L1 performance
will be worse in Block 3 compared to Block 1, in which no previous
inhibition of L1 must be overcome.

2. Current study

The literature overview highlights that the role of proactive lan-
guage control in a sentence context is far from resolved. Hence, we
set out to gain further insight into this topic by focusing on the
blocked language order effect (e.g., Branzi et al., 2014; Degani
et al., 2020; Wodniecka et al., 2020), which has not yet been
investigated in sentences. For this purpose, we used a network
description task that consisted of three language blocks. Blocks
1 and 3were conducted in the participants’ L1, and Block 2 in their
L2. The aim of this experiment was to test whether the blocked
language order effect could be replicated in a sentence context,
which would indicate that proactive language control can be
implemented during sentence production.

Examining this effect during sentence production further
raises the question how long proactive language control is poten-
tially implemented within an L1 context. It seems counterintuitive
that proactive language control, which is assumed to spill over
from the previous L2 context, should be implemented continu-
ously in an L1 context, since this would ultimately impede target
language production. Hence, it might be the case that the amount
of persisting proactive language control decreases with ongoing
L1 production. To gather insight into this question, we analyzed
the trajectory of the blocked language order effect throughout the
L1 blocks. This approach is similar to that of Misra et al. (2012),
who conducted a picture naming task over four blocks. Chinese-
English bilinguals had to name the same items in each block, using
one language in Blocks 1 and 2 and the other language in Blocks
3 and 4. The authors compared the L1 performance of participants
who used L1 in Block 1 to L1 performance of participants who
produced Blocks 3 and 4 in L1 after having used L2 in the first two
blocks. Results showed no difference in L1 performance between
Block 1 and 3 while L1 naming was facilitated in Block 4 relative to
Block 1. The authors concluded that L1 was still inhibited in Block
3 due to the previous L2 naming. By Block 4, this inhibition had
been overcome due to the continuous L1 exposure, which in turn
resulted in a facilitation effect elicited by item repetition (for a
more continuous assessment of language control dynamics via
trial number, see Casado et al., 2022). Contrary to Misra et al.
(2012), the present study focuses on sentence instead of word
production. It further examines how the blocked language order
effect develops within blocks that consist of different pictures
rather than reusing the same items throughout the task. Conse-
quently, the expected pattern is not facilitated but decreased
performance following L2 naming (see also Degani et al., 2020;
Kreiner & Degani, 2015).
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3. Method

3.1. Participants

Thirty Hausa-English bilinguals1 were recruited. Two participants
were excluded due to recording failures, leaving 28 participants
(27 male and 1 female) with an average age of 30.5 years (SD = 7.0).
Following the experiment, the participants were asked to complete
a language background questionnaire regarding Hausa and English
(see Table 1).

3.2. Stimuli

A network description task was used in the current study, similar to
that of Declerck et al. (2021) and Sánchez et al. (2022). Overall,
15 experimental networks were presented with seven unique pic-
tures each (see Figure 1 for an example), for a total of 105 pictures.
None of the pictures referred to a cognate between Hausa2 and

English (average frequency per million: 118.1; Brysbaert & New,
2009).

The pictures of each network were presented simultaneously and
were all connected by lines. A red dot moved across the pictures and
lines, shifting a total of nine times between the pictures of each
network. Participants had to describe the dot’s path while it was
moving, using complete sentences that included the dot’s direction
(up, down, left or right), the type of line (upper, lower, right- or
left-curved line, diagonal line or straight line) it crossed and the
picture (e.g., “The dot goes up over the straight line to the finger.”).
Every network was shown only once for 55 seconds.

3.3. Procedure

This online study startedwith task instructions (presented inHausa),
after which an example of the task was given in Hausa. Participants
then completed two practice networks with five pictures each, all of
which did not occur in the experimental networks.

The following experiment consisted of three sections: It started
with one block of six networks in Hausa (L1), followed by an
English (L2) block of three networks3 and finished with another
Hausa block of six networks. The two blocks that required Hausa
were counterbalanced across participants.

3.4. Analysis

For the analysis, we focused on Blocks 1 and 3, which were both
in Hausa. We analyzed the percentages of sentences containing

Figure 1. Example of a network.

Table 1. Overview of the demographic information (SD in brackets) for
participants

Hausa English

Age of acquisition (years) 0.1 (0.4) 5.7 (1.9)

Current use (%) 71.5 (8.8) 38.5 (16.7)

Spoken (1–7) 6.1 (0.7) 4.7 (0.9)

Written (1–7) 5.1 (0.8) 4.2 (1.3)

Reading (1–7) 5.4 (0.8) 4.5 (1.1)

1Hausa is an Afroasiatic tonal language mostly spoken in Nigeria and Niger.
In Nigeria, where the participants resided, English is used frequently alongside
Hausa, leading to systematic contact between both languages (Keshavarz &
Abubakar, 2017).

2No word frequency scores are available for Hausa.

3Since L1 performance is affected by brief L2 exposure, we only used three
networks in this block (Degani et al., 2020).
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filled pauses and language intrusions (Declerck et al., 2021). We
focused on these measures as they index failures of target lan-
guage selection and increased cognitive load, respectively, thereby
offering insights into ongoing language control processes. Coding
of both measures was done by AMS. To this end, language
intrusions were considered to be any words produced in the
non-target language (i.e., English; e.g., producing finger instead
of yatsa, which means finger in Hausa). Filled pauses were
defined as vocalizations during speech that do not represent
words (e.g., er, um and uh). To analyze how proactive language
control developed over the course of the Hausa blocks, we took
not only Blocks 1 and 3 in their entirety but also the block halves
into account. This way, we determined whether proactive control
diminished over the course of Block 3.

The binomial data were analyzed using a logistic mixed model
with random effects for participants and items, with a maximal
random effects structure (Barr et al., 2013).4 The fixed effects of

interest were Block (Block 1 =�0.5; Block 3 = +0.5) and Block half
(first half = �0.5; second half within a block = +0.5).

4. Results

4.1. Language intrusions

The effect of Blockwas significant (see Table 2), withmore language
intrusions in Block 3 (6.5%) than in Block 1 (3.0%).5 Block half did
not reach significance but the interaction between Block and Block
halfwas significant. The latter interaction indicated a larger blocked
language order effect, i.e., a larger difference between intrusions in
the first half of Blocks 1 and 3 (6.5%) than in the second half of these
blocks (0.4%; see Figure 2).

4.2. Filled pauses

None of the effects reached significance (ps > .365; see Table 3).

Figure 2. Percentage of sentences that contained a language intrusion or filled pause in the first and second half of Block 1 and Block 3. Error bars indicate 95% confidence intervals
(Cousineau, 2005).

Table 2. b-, z-values, and standard errors of the analysis of language intrusions

Factors b-value SE z-value p-value

Block 1.154 0.230 5.013 < 0.001

Block half 0.988 0.846 1.168 0.243

Block × Block half �2.027 0.459 �4.418 < 0.001

Table 3. b-, z-values, and standard errors of the analysis of filled pauses

Factors b-value SE z-value p-value

Block 0.004 0.190 0.022 0.983

Block half 0.054 0.171 0.317 0.751

Block × Block half 0.264 0.292 0.905 0.366

4In case of an issue with the fully randomizedmodel, we excluded the by-item
random slopes, starting with higher-order interactions. Next, higher-order
interactions of the by-subject random slopes were excluded. If this did not
resolve the issue, lower-order terms were removed, starting with the by-item
random slopes (cf. Barr et al., 2013; Matuschek et al., 2017).

5To test whether the present finding could be reproduced, we conducted the
same study with Dutch-French bilinguals. We replicated our result in this
second study (p = .041), observing more intrusions in Block 3 (4.5%) than in
Block 1 (0.4%). As in the present study, we did not observe a blocked language
order effect with filled pauses (p = .114). This finding suggests that the reported
pattern can be generalized to other bilingual groups (see the supplementary
material for further details).
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5. Discussion

In this study, we investigated whether the blocked language order
effect could be elicited during sentence production. For this pur-
pose, Hausa-English bilinguals completed a network description
task, using Hausa (Blocks 1 and 3) or English (Block 2). Results
showed no effects for filled pauses but substantially more language
intrusions in Block 3 compared to Block 1. Additionally, we found
the same pattern for a group of Dutch-French bilinguals (see
endnote 5). We thus replicated the blocked language order pattern
that has previously only been observed during single-word produc-
tion (Branzi et al., 2014; Degani et al., 2020;Wodniecka et al., 2020)
with sentences. Moreover, the results indicated that this effect
substantially decreased throughout an L1 block (see Figure 2).

This experiment is the first to show that the blocked language
order effect can also be found during sentence production. Given
previous research on the nature of this effect, our findings indicate
that proactive language control is also implemented in a sentence
context (Declerck, 2020). Based on previous studies suggesting that
cross-language interference is reduced in sentences compared to
single-word production (e.g., Schwartz & Kroll, 2006; Starreveld
et al., 2014), one might have expected to find little evidence of
proactive language control in a sentence context. This could be
explained with sentences lowering the number of possible lemmas,
thereby minimizing interference and thus the need for language
control in this context (Ferreira & Pashler, 2002). In line with this
assumption, previous research did not always provide reliable evi-
dence for proactive language control in sentence production (Gullifer
et al., 2013; see alsoDeclerck&Philipp, 2015). In contrast, the blocked
language order effect observed in the present study supports the
premise that proactive control processes can also be implemented
when sentences are produced by bilinguals.Our results are thus in line
with prior studies that observed other indexes of proactive language
control in a sentence context, such as mixing costs and the reversed
language dominance effect (Declerck et al., 2021; Tarłowski et al.,
2013). That proactive language control is applied in sentence produc-
tion could be linked to bilinguals anticipating additional cross-
language interference on the syntactic level (Hartsuiker et al., 2004).

It should be noted that while the reversed language dominance
effect and, to some degree, also mixing costs, focus on proactive
language control in mixed-language blocks, the blocked language
order effectmeasures proactive language control in a single-language
context. Since this context requires less language control than mixed
contexts (Green & Abutalebi, 2013; Sánchez et al., 2023), the present
findings extend previous results on proactive language control in
sentence production to single-language contexts.

Furthermore, this study provides insight into the development
of the blocked language order effect and, consequently, proactive
language control over the course of the L1 blocks. The pattern of
language intrusions observed in the first and second half of Block
3 indicates that proactive language control of L1 spilled over from
Block 2 into Block 3 and thus initially hindered renewed L1 naming.
With prolonged L1 exposure, however, the previously implemented
proactive control decreased, as indexed by the reduction of the
blocked language order effect over the course of Block 3. The
number of intrusions in the second half of Block 3 corresponds
to that of the second half of Block 1, thereby suggesting that
performance in the second half of Block 3 was once more on the
same level as prior to the L2 block.

Overall, the present study shows that the blocked language order
effect can be observed during sentence production. Our findings
thus provide novel evidence that proactive language control is

implemented during sentence production in a single-language
context.
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