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Abstract
Bilingual language switching and its link to domain-general executive functions have been studied in the 
domain of language production, but they are seldom examined from the perspective of language com-
prehension. This study examined language switching using a language comprehension paradigm, and 
further discussed the role of working memory and inhibitory control associated with language switching 
in the paradigm. We focused on Japanese learners of English. In terms of response time, switching costs 
were not observed when leaners read a pair of two semantically related sentences presented in differ-
ent languages (i.e., inter-sentential switching). Nevertheless, in such inter-sentimental switching trials, 
response time was positively correlated with the learners’ inhibitory control abilities when switching oc-
curs from L2 to L1. In the opposite switching direction (i.e., from L1 to L2), on the other hand, response 
time was negatively correlated with their working memory capacity. Our results indicated that in com-
prehension, domain-general executive functions (working memory and inhibitory control) are differently 
associated depending on the direction of language switching.

1. Introduction

Language switching cost is a phenomenon in which bilinguals/language learners exhibit a 
higher processing cost when they switch between two languages, often reflected as lower accu-
racy rates and/or slower response time in switching trials (i.e., two trials in different languages) 
relative to staying trials (i.e., two trials in the same language). The language switching cost is 
typically explained in terms of the reactive control postulated in the dual mechanisms of control 
model (DMC; Braver, 2012). The reactive control is responsible for resolving conflicts between 
unpredictable situations (see Calabria et al., 2019 for a review). Under the DMC, the language 
switching cost is an outcome of the reactive control attempting to resolve the interference from 
the non-target language.

In this attempt to resolve the interference from the non-target language during language 
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switching, cognitive demands are unequal depending on the switching direction. Switching from 
the second language (L2) to the first language (L1), referred to as backward switching, takes a 
longer time than switching from L1 to L2, or forward switching (Meuter & Allport, 1999). The 
increased processing cost in backward switching can be explained by the persisting inhibition of 
the dominant language (L1) during language control (Green, 1998). As bilinguals’/L2 learners’ 
both languages are always active during speech planning, the two languages compete with each 
other. This parallel activation requires conflict monitoring and resolution (for a review, Calabria 
et al., 2018) as the selection of one language in production. The activation of L1 is typically stron-
ger than that of L2 (especially for unbalanced bilinguals); therefore, strong inhibitory control is 
required to suppress L1 in order to produce in L2. Conversely, switching from L2 to L1 requires 
less suppression of L2 due to its weak activation. The asymmetrical strengths in suppressing L1 
and L2 leads to unequal cognitive demands between forward and backward switching.

While the cognitive mechanisms of language switching are established in the domain of lan-
guage production, these issues are seldom examined in language comprehension. In comprehen-
sion, language switching may rely on different cognitive mechanisms from production (Supple-
mentary materials (A)). Earlier studies in language production have suggested the engagement of 
domain-general executive functions (e.g., inhibition and working memory) (e.g., Luk et al., 2011). 
When bilinguals/leaners process languages in comprehension, which language to come is an 
unexpected process, and hence processing associated with language switching may require the 
support of domain-general executive functions. Adler et al. (2020) examined whether language 
switching modulated the deployment of domain-general executive functions in comprehension. 
In each trial, Spanish-English bilinguals first read a sentence that did or did not involve language 
switching, and then completed a Flanker task (Supplementary materials (B)). For bilinguals who 
had read sentences involving language switching, their performance on Flanker task became 
more efficient, showing a smaller interference effect from the incongruent trials. This intertwin-
ing relationship between cross-linguistic and domain-general conflict resolution suggests that 
language switching in comprehension may recruit additional domain-general executive functions.

The binary comparison between bilinguals and monolinguals is the focus when discussing the 
relationship between domain-general executive functions and language processing. However, the 
results seem to be significantly influenced by the individual’s diverse experiences of language use 
(DeLuca et al., 2020). In the current study, we tested Japanese learners of English in a national 
university. Our participants dominantly use Japanese in the daily life with their use of English 
determined uniformly by their curriculum at their university. Thus, they would have similar lan-
guage use and learning experiences. In sum, this study examines whether switching cost can be 
observed in inter-sentential switching in a language comprehension task and further examined 
the roles of domain-general executive functions associated with language switching in compre-
hension. First, we hypothesize that asymmetrical switching costs may not be observed. Second, 
following Adler et al. (2020), we hypothesize that domain-general executive functions engage in 
inter-sentential switching in comprehension, but the language direction determines the associated 
components (working memory or inhibitory control).
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2. Method

2.1. Participants
We recruited thirty-six Japanese native speakers who learned English as their L2. All participants 

were right-handed, healthy, and had normal or corrected-to-normal vision. A language history ques-
tionnaire was used to evaluate participants’ self-reported language learning history and language 
proficiency (LHQ 3.0, Japanese version, see Li et al., 2019). During the experimental period, all of 
the participants were college or graduate students at Tohoku University (mean age=21.19±2.14). 
The mean age of acquisition (AoA) in English was 9.75±2.79. Table 1 presents (1) participants’ av-
erage frequency of language switching when communicating with family, friends, colleagues, and 
classmates; (2) average self-reported English abilities in listening, reading, speaking, and writing; 
and (3) average scores in the lexical test for advanced learners of English (LexTALE, Lemhöfer & 
Broersma, 2012). Written informed consent was collected from each participant after explaining the 
experimental procedure. Approval for the experiment was obtained by the institutional review board 
of the Graduate School of International Cultural Studies, Tohoku University.

2.2. Operation span
We used the operation span to examine the participants’ working memory capacity. Partici-

pants were required to determine whether an equation was correct, with 45 arithmetic operations, 
without handwriting calculations. The task started from 1 span to 5 spans sequentially. Each 
span consisted of 3 questions without carry and borrow (Figure 1). Participants should reply if 
the equation is correct or not by saying はい “yes” or いいえ “no” and remember the answer (67 
and 20), regardless of the correctness. The number of spans determined the amount of arithmetic 
operation string (e.g., 5 spans: 5 (strings)×3 (questions)=15 strings). At the end of the question, 
the participants recalled all equations of strings, regardless of the correctness. Participants’ span 
score was calculated from the weighted number of correctly recalled and calculated questions 
(Rosen & Engle, 1998). For instance, if a participant successfully recalled all questions from 
1 and 2 spans and one question from 3 spans. The span score would be 12 (1 (span)×3 (ques-
tions)+2 (span)×3 (questions)+3 (span)×1 (question)=12). The higher span scores the partici-
pants achieved, the larger working memory capacity they possessed.

Table 1. Participants’ self-reported results: frequency of switching and English abilities

Language switching frequency (1: never → 7: frequently)

1.20±0.33

Language abilities in English (1: no knowledge → 7: very proficient in English)

Listening Reading Speaking Writing

3.33±1.35 4.69±1.04 3.03±1.13 4.03±1.08

Average LexTale scores

63.61±7.99: Intermediate learners of English (CEFR B2)
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2.3. Reversed Stroop Task
To understand the participants’ inhibitory control abilities, we adopted the reverse Stroop task 

(Blais & Besner, 2007). Stimuli were four Japanese color words, which were classified into warm 
colors (赤 “red” and 黄 “yellow”) and cold colors (青 “blue” and 紫 “purple”). To determine 
whether the meaning of presented stimuli belonged to a warm or cold color, participants re-
sponded with the ‘N’ (warm color) and ‘M’ (cold color) on the keyboard. There were 200 trials in 
the stimuli composition list. Half were non-conflicting trials presented in the white ink to avoid 
the potential facilitation from the ink. The others were conflicting trials presented in the opposite 
polarity colors of ink (Figure 2). Participants’ abilities of inhibitory control were determined by 
[conflicting trials>non-conflicting trials] from their correct responses. Thus, the smaller gap the 
participants achieved, the higher inhibitory control abilities they possessed.

Figure 1. Operation span (2 spans)

Figure 2. Reversed Stroop task
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2.4. Language switching paradigm
Each sentence pair was composed of two simple syntactic structures in both English (SVO) and 

Japanese (SOV), including a noun phrase introducing the subject, a verb phrase (V) containing 
an object (N1), and an additional phrase (N2) lead by a preposition (English) / postposition (Japa-
nese). To ensure whether the sentence pairs were relevant or not, we invited 10 Japanese native 
speakers who did not participate in the experiment, to complete a 6-point scale rating test. We 
classified sentence pairs with scores higher than four as related pairs, and those with scores lower 
than two as unrelated pairs. Finally, 160 sentence pairs were applied to the experiment (60% of 
them were related pairs. See Supplementary materials (C) for examples). Between sentence 1 and 
2 of each pair, we used BNCweb (English) and Japanese Web Corpus (Japanese) to control word 
frequencies in both English (V: t=−0.8977, df=318, p=0.37; N1: t=−0.8977, df=318, p=0.37; 
N2: t=−0.2899, df=318, p=0.7721) and Japanese (V: t=−0.9671, df=318, p=0.3343; N1: 
t=−1.9675, df=318, p=0.6522; N2: t=−0.6249, df=318, p=0.5325).

To examine switching costs, we prepared two blocks composed of forward (switching from L1 
to L2) and backward switching (switching from L2 to L1) separately. Forty sentence pairs were 
presented randomly in each block and counterbalanced across blocks. Half of the trials stayed in 
the same language (staying trials). The others were switching trials leading to language switch-
ing. In the forward switching, the staying trials were sentence pairs in L1 (i.e., stayingL1). The 
switching trials were composed of an L1 sentence followed by an L2 sentence (i.e., switchingL2). 
In the backward switching, staying trials were in L2 (i.e., stayingL2), and the switching direction 
is opposite to the forward switching (i.e., switchingL1). The experiment was conducted using a 
self-paced reading paradigm (Figure 3). At the end of pair of sentence readings, participants were 
required to determine whether the two sentences were related to each other by the button press.

To examine learners’ switching cost, we focused on the related pairs because the unrelated 
ones acted as fillers. The dependent variable was the time to finish reading the second sentence in 
the relatedness judgement task. We followed Bonfieni et al. (2019) to measure switching cost in 
L1 and L2: SwitchJpn (switching cost in Japanese)=switchingL1—stayingL1; SwitchEng (switch-
ing cost in English)=switchingL2—stayingL2. To examine the engagement of domain-general 

Figure 3. Language switching paradigm
(A) Staying and switching trials in each block. (B) Experimental procedures.
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executive functions in language switching, the aforementioned processing costs of cognitive 
tasks were collected from each participant. Then, the correlational analyses were performed be-
tween switching costs and working memory and inhibitory control abilities.

3. Results and discussion

3.1. Switching cost in language comprehension
We removed data from 9 participants because of their low accuracy rate in the language 

switching paradigm (< 70%). For the remaining 27 participants (Table 2), the mean accuracy rate 
of staying trials was higher than that of switching trials in Japanese (t(26)=3.93, p<0.001), but no 
difference was observed in English (t(26)=−0.68, p=0.251).

Regarding the switching cost (difference in response times in switching trials vs. staying tri-
als), the effect of language was a significant (β=−0.213, t=−6.924, p<0.001). However, only the 
marginal main effect of significance was observed from trial types (β=0.062, t=2.205, p=0.053). 
Finally, no interaction was observed between language and trial types (Table 3). Thus, compared 
with English (L2), the response time (RT) was faster in Japanese (L1) both in staying and switching 
trials. Although the mean RT for the switching trials was slightly longer than the staying trials, the 
difference did not reach statistical significance. Non-significant interactions indicated no asymmet-
rical switching cost was present between when the languages switched from L1 to L2 or L2 to L1.

3.2. Correlation analyses
One participant’s SwitchEng data was considered as an outlier (>2 SD) and removed from the 

analyses. Thus, data for the remaining 26 participants were used in the correlational analyses of 
the switching cost in English. In addition, one participant’s inhibitory control data was lost due 
to technical problems. For the correlation between inhibitory control and processing costs during 
language switching, we thus analyzed the data of the remaining 25 participants.

Table 2. Participants’ accuracy rates in switching and staying trials in the language switching paradigm

Japanese English

StayingL1 (L1→L1) SwitchingL1 (L2→L1) StayingL2 (L2→L2) SwitchingL2 (L1→L2)
84% (SD 15%) 67% (SD 20%) 70% (SD 17%) 73% (SD 15%)

Table 3. Statistical results between staying and switching trials (the time to finish reading the second 
sentence)

Fixed effects Estimate Std. error t value

(Intercept) 3.43 0.028 123.582***
LanguageJpn −0.213 0.031 −6.924***
TypeSwitch 0.062 0.031 2.205

LanguageJpn: TypeSwitch −0.047 0.044 −1.089

A significant effect was observed from language only. Switching trials were marginally slower than stay-
ing trials (p=0.053). *: p<0.05; **: p<0.01; ***: p<0.001.
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Working memory capacity and language switching. Performance on operation span, an index 
of working memory capacity, was negatively correlated with SwitchEng (r=−0.44, p<0.05). 
However, there was no significant correlation between the performance on operation span and 
SwitchJpn (SwitchJpn: r=0.018, p=0.464; Figure 4A).

Inhibitory control abilities and language switching. Performance on the reversed Stroop task, 
an index of inhibitory control abilities, was not correlated with SwitchEng (r=−0.227, p=0.138.). 
On the other hand, there was a significant positive correlation between the performance on the 
revised Stroop task and SwitchJpn (r=0.371, p<0.05, Figure 4B).

In sum, switching directions determine the engagement of domain-general control. Better 
working memory leads to better performance in forward switching (switching from L1 to L2). 
Processing L2 demands working memory since learners must pay attention to L2 while at the 
same time facing the interference from L1 (Linck et al., 2020). Better working memory resources 
are beneficial for learners to update information during language switching in a comprehension 
task. Better inhibitory control abilities lead to better performance in backward switching (switch-
ing from L2 to L1). According to Green’s IC model (1998), L1 should be inhibited during L2 pro-
cessing. This inhibition should be released when encountering language switching from L2 to L1, 
when a sentence for comprehension is in their dominant L1. Our correlation results present the 
essence of inhibition.

Figure 4. Correlation between domain-general executive functions and language switching costs
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4. Conclusion

In this study, switching cost is not observed in either language direction (both from L1 to L2 
and from L2 to L1). Our data suggest that sufficient preparation of switching (Stasenko, Matt, 
& Gollan, 2017) and sentence context (Gullifer, Kroll, & Dussias, 2013) enhance the process-
ing speed during language comprehension, which aided learners to release the inhibition of the 
non-target language. The current findings suggest that switching directions determine the type of 
domain-general executive functions engaged: working memory was responsible for reducing the 
switching cost from L1 to L2, and inhibitory control was responsible for reducing the switching 
cost in the opposite language direction.
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