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Abstract

To investigate the effects of vocabulary practice timing on lexical learning and neural
processing during communication tasks, we engaged 80 Japanese learners of English
(40 pairs) in information-gap tasks with vocabulary practice in the pre-task or post-task
phase. Learning of verb-noun combinations was orally assessed through translation and
narrative tasks one week later. To quantify neural coupling between participants during task-
based interaction, hyperscanning with fNIRS was used to measure inter-brain synchroniza-
tion (IBS). Results showed that pre-task vocabulary practice led to greater learning, while
post-task practice resulted in higher IBS in the brain region underlying language processing.
Better vocabulary practice performance predicted more automatic use of multiword expres-
sions in the post-task condition. IBS in the brain regions underlying social cognition and
language processing predicted multiword learning. These findings reveal how practice timing
influences neural synchronization and language acquisition, highlighting the importance of
balancing lexical learning with communication processes in task-based language teaching.

Keywords: Instructed SLA; Inter-brain synchronization; Multiword expressions; Task-based language
Teaching; Vocabulary practice

Introduction

Task-based language teaching (TBLT) has gained prominence in second language
acquisition (SLA) research, emphasizing the benefits of “learning by doing” through
meaningful communication (R. Ellis et al., 2020; Long, 2015; Samuda & Bygate, 2008;
Skehan, 1998). This approach aligns with the usage-based perspective on language
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learning, highlighting the role of social interaction in knowledge acquisition (N. C. Ellis
& Wulff, 2015; Tyler & Ortega, 2018).

While TBLT primarily relies on incidental learning—where learning occurs as a
by-product of engaging in communicative tasks (Newton, 2013), it also raises questions
about integrating form-focused instruction within communicative L2 use (R. Ellis et al.,
2020). Vocabulary scholars have explored various approaches to enhance incidental
learning through reading (e.g., Laufer & Girsai, 2008; Yanagisawa et al., 2020) and
listening (e.g., Zhang & Graham, 2020) tasks, but TBLT’s application to vocabulary
instruction remains less explored compared to grammar (e.g., Fotos & Ellis, 1991) and
pronunciation (Mora & Levkina, 2017).

Likewise, the timing of form-focused instruction has been extensively investigated in
contextualized reading and writing tasks (Altamimi & Conklin, 2024; Elgort et al., 2024;
Pellicer-Sanchez et al., 2021; Webb, 2009), whereas the optimal timing for vocabulary
instruction integration in speaking tasks remains unexplored. This is a key issue in
TBLT, as evident from scholarly support for both pre-task (Willis & Willis, 2007) and
post-task (R. Ellis, 2003; Skehan, 1998) lexical instruction.

The complexity of speaking presents unique challenges for vocabulary acquisition in
L2 communication, necessitating consideration of multiple dimensions of lexical com-
petence (Cheng et al., 2023; Saito et al., 2025; Uchihara et al., 2025). Unlike receptive
skills such as reading and listening, speaking requires learners to simultaneously
orchestrate conceptualization, linguistic formulation, and articulation processes
(Levelt, 1989). While writing allows for extended pausing and revision, speaking
requires quick lexical retrieval; L2 learners often face cognitive demands that limit
attentional resources available for using appropriate lexical items in context in real time.

In the TBLT context, the role of formulaic language for successful communication
deserves particular attention, as formulaic language, such as collocations and idioms, plays
a crucial role in fluent language production (e.g., Siyanova-Chanturia & Pellicer-Sanchez,
2018; Wray, 2002). Using multiword expressions (i.e., combinations of individual words
such as verb + noun and adjective + noun) contributes significantly to conveying meaning
essential for task completion, potentially making them more valuable than single lexical
items for successful communication in speaking tasks (Takizawa, 2024).

Furthermore, recent advances in neuroscience have introduced hyperscanning as a
promising technique for investigating L2 learning processes during communication.
This neuroimaging method enables simultaneous measurement of brain activity in
multiple interacting individuals, providing an index of inter-brain synchronization
(IBS) during communication tasks (for recent reviews, see Kelsen et al., 2022; Zhang
etal,, 2024). The temporal coordination of neural activity between individuals engaged
in social interaction, as measured by IBS, offers new insights into the neural processes
underlying L2 learning through communication and the effects of instructional inter-
ventions. Specifically, the timing of vocabulary practice presumably influences how
learners allocate attention during interaction, thereby potentially modulating the
degree of neural coupling (i.e., IBS) between partners.

This study aims to extend our understanding of how the timing of vocabulary
practice influences both neural processes and lexical learning through interactive
information-gap tasks. Specifically, pre-task practice may alter how learners allocate
attention, thus affecting the quality of interpersonal coordination and neural coupling
(IBS) between them. We thus examine how this timing difference impacts both lexical
learning and the underlying neural synchronization during interaction. By integrating
perspectives from TBLT, vocabulary acquisition research, and cognitive neuroscience,
we seek to provide unique insights into optimizing vocabulary learning in communi-
cative contexts.
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Background literature
Timing of lexical instruction in task-based language learning

Research on L2 vocabulary acquisition has demonstrated the effectiveness of explicit
pre-task lexical instruction for the acquisition of both single and multiword lexical
items in reading and writing tasks (Altamimi & Conklin, 2024; Pellicer-Sanchez et al.,
2021; Webb, 2009). Although the obtained results mostly demonstrate that pre-
teaching can contribute to the development of vocabulary knowledge measured
through written modalities in reading and writing tasks, its effectiveness in speaking
instruction remains unclear. Thus, investigating speaking tasks presents an oppor-
tunity to extend research on lexical learning through interactive information-gap
tasks.

Existing evidence indicates that vocabulary can be learned through interaction and
negotiation of meaning (e.g., R. Ellis & He, 1999; Newton, 2013). To further promote
vocabulary learning through meaning-focused output using communication tasks,
integrating meaning-focused output with language-focused practice is critical from
the perspectives of both vocabulary acquisition and TBLT research (e.g., Suzuki, 2023).
According to Nation’s (2007) four-strand principle, for instance, meaning-focused
output and language-focused learning need to be balanced along with meaning-focused
input and fluency development.

However, to facilitate vocabulary acquisition through social interaction, it is
essential to establish when language-focused practice can be optimally integrated
into the communication tasks. The optimal timing of vocabulary support (e.g., pre-
task versus post-task) must balance the demands of oral interaction with successful
task completion. While some TBLT scholars acknowledge the potential benefits of
pre-task lexical instruction (Willis & Willis, 2007), others find them problematic, as
learners might treat the task as an exercise of target vocabulary items (R. Ellis, 2003;
Skehan, 1998).

Thus far, such debates on the optimal integration of lexical instruction have largely
remained theoretical. As one of the exceptions, de la Fuente (2006) compared the
effectiveness of pre-task and post-task vocabulary practice for lexical acquisition
through information-gap and role-play tasks. While both conditions led to similar
performance in immediate retrieval of target words, the post-task group demonstrated
significantly better results in the delayed posttest conducted one week later. However,
the study included several procedural differences between groups beyond lexical
instructional timing, such as task planning and reporting with incidental focus-on-
form. These additional variables make it difficult to isolate the effects of vocabulary
practice timing alone.

Accordingly, in the present study, the effects of pre-task and post-task vocabulary
practice on the acquisition of multiword expressions through information-gap tasks are
compared. The aim is to elucidate how the benefits of social learning contexts can be
effectively combined with targeted language-focused practice to optimize vocabulary
acquisition in speaking tasks.

The role of vocabulary practice in communication task implementation

In TBLT, the role of deliberate vocabulary practice requires careful consideration. On
the one hand, it is important to prepare learners to actively use target vocabulary in
meaning-focused output activities by providing sufficient pre-task vocabulary practice
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to develop productive lexical knowledge (Schmitt, 2008). Consequently, a pre-task
vocabulary practice session is often included in reading studies and learners are trained
until they memorize all target words (e.g., Pellicer-Sdnchez et al., 2021). On the other
hand, from a TBLT perspective, such extensive pre-task deliberate vocabulary instruc-
tion may transform communication tasks into mere language exercises, which is not the
intended outcome (e.g., R. Ellis, 2003; Skehan, 1998).

To address this challenge, deliberate practice in the pre-task stage should be carefully
designed (e.g., R. Ellis et al., 2019; R. Ellis et al., 2020). It should provide enough support
to facilitate task performance without being so extensive as to undermine the commu-
nicative nature of the task. This approach allows for individual variations in vocabulary
knowledge among learners while preserving the core principles of task-based learning.

While the role of pre-task vocabulary practice has received considerable attention in
TBLT literature, empirical investigations of post-task vocabulary practice remain
limited. The aforementioned study by De la Fuente’s (2006) provides some preliminary
evidence suggesting potential benefits of post-task lexical instruction, possibly because
learners first activate conceptual content through the communication task and can then
connect this contextual information to lexical forms practiced afterward. The scarcity
of systematic comparisons highlights a clear need for research that directly investigates
the effects of practice timing.

Guided by this premise, the current study investigates how the performance in a
brief deliberate practice during the pre-task stage may influence the subsequent
vocabulary acquisition through communication tasks. The findings may elucidate
when vocabulary practice is most effective, as well as how its quality (as measured by
vocabulary practice performance) influences lexical learning in communication tasks.
Possibly, more robust form—meaning mapping knowledge could lead to the develop-
ment of lexical knowledge in communicative contexts (Schmitt, 2008).

The multifaceted nature of vocabulary knowledge for L2 speaking skills

Recognizing the importance of integrating language-focused practice with social
learning contexts, it is crucial to consider the multifaceted nature of vocabulary
knowledge, particularly in relation to L2 speaking skills. Whereas traditional vocab-
ulary research tends to focus primarily on declarative knowledge, Nation’s (2022)
influential componential model emphasizes both form—meaning connections and
contextual use. Psycholinguistic approaches have expanded this framework
(Godfroid, 2019; Uchihara, 2025), identifying four key features of multifaceted
vocabulary knowledge. First, dimension (recall vs. recognition) refers to the knowl-
edge strength continuum from recognition to recall, with recall requiring stronger
form-meaning connections essential for speech production (Gonzéalez-fernandez &
Schmitt, 2020). Second, formulaicity (single vs. multiword items) encompasses
knowledge of multiword expressions that constitute a significant portion of natural
discourse and contribute to fluent production (Siyanova-Chanturia & Pellicer-Sanchez,
2018). Third, automaticity (online vs. offline) is a complex construct beyond mere speed,
referring to efficient and stable lexical access, crucial for real-time speaking demands
(DeKeyser, 2001; Segalowitz, 2010; Suzuki et al., 2025). Fourth, context (contextualized
vs. decontextualized) distinguishes between isolated word knowledge and appropriate
usage within communicative contexts (Nation, 2022; Read, 2000).

While this multifaceted view of lexical knowledge has informed an emerging line of
research on receptive skills such as listening (Saito et al., 2025; Uchihara et al., 2025), L2
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speaking involves distinct active processes of conceptualization, formulation, and
articulation (Levelt, 1989), necessitating specific adaptations for assessment. We thus
extend the measurement framework established by Saito et al. (2025) and Uchihara
et al. (2025) for measuring L2 word knowledge employable for real-life listening—
which emphasize the assessment of both declarative and procedural aspects of vocab-
ulary knowledge in both contextualized and decontextualized settings, this study
focuses on two aspects of productive lexical knowledge (Read, 2000): recall and use
of the spoken forms of word combinations. Recall of L2 forms can underlie controlled
and decontextualized knowledge of form—meaning mapping (measured via a transla-
tion task), whereas their use can be characterized as spontaneous and contextualized L2
knowledge (elicited through a narrative task). Accuracy and speed measures can be
derived from the translation and narrative tasks to assess declarative knowledge and
processing automaticity of verb-noun combinations, respectively (Godfroid, 2019;
Saito et al., 2025; Uchihara et al., 2025). This approach allows the impact of pre-task
vocabulary practice on both the declarative knowledge and processing automaticity
needed for communicative contexts to be examined.

The role of IBS in L2 communication and vocabulary learning

Recent advances in neuroscience have provided new ways of evaluating the role of
social interaction in L2 acquisition. L2 acquisition through collaborative problem-
solving and joint attention through task-based interaction is promoted in both TBLT
(e.g., Long, 2015; R. Ellis et al., 2020) and usage-based approach to language learning
(e.g., N. C. Ellis & Wulff, 2015; Tyler & Ortega, 2018).

Neuroscientific evidence supports this theoretical stance, demonstrating that social
context engages a broader network of brain regions associated with action perception
and social-affective processes during language learning, compared to decontextualized
methods like vocabulary learning through translation (see Li & Jeong, 2020, for review).
Building on these findings, neuroscientists have recognized the need to study brain
activity in more naturalistic, interactive settings. This realization has led to the emer-
gence of “second-person neuroscience,” a new approach that shifts the focus from
studying individuals in isolation to examining brain activity during real-time social
encounters (e.g., Schilbach et al., 2013).

In this context, hyperscanning is particularly valuable, as it enables simultaneous
measurement of brain activity in two or more interacting individuals. Functional near-
infrared spectroscopy (fNIRS) is advantageous for such research as it has fewer
constraints compared to methods like functional magnetic resonance imaging
(fMRI) and electroencephalography (EEG), making it well-suited for investigations
in real-world settings. NIRS differs from fMRI and EEG regarding spatial resolution,
temporal resolution, and tolerance for participant movement (for an overview, see
Quaresima & Ferrari, 2019). Specifically, fNIRS offers better spatial resolution than
EEG, advantageous for reliably capturing cortical activity (e.g., in the prefrontal cortex)
during interaction. Although EEG provides superior temporal resolution by directly
measuring electrical activity, EEG is highly sensitive to motion and muscle artifacts.
Compared to fMRI, fNIRS typically has a higher temporal resolution. Crucially for
studying dynamic social interactions, fNIRS provides greater tolerance for participant
movement and less restraint than EEG or fMRI, thus allowing studies in more
naturalistic settings where participants can comfortably sit and converse (see
Figure 2 for an experimental setup).
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This flexibility allows researchers to measure changes in brain hemodynamics and
infer neural activity during social interactions (e.g., Zhang et al., 2024). In particular, in
fNIRS hyperscanning studies, inter-brain synchronization (IBS) has been observed in
frontal and temporoparietal brain regions during cooperative tasks requiring shared
attention, mentalizing, and collaborative problem-solving (Kelsen et al., 2022). Neu-
roscience research indicates functional specialization within the prefrontal cortex
(PFC), with lateral PFC (LPFC) often linked to executive functions including language
processing, and medial PFC (mPFC) more involved in social cognition such as
mentalizing (Gilbert et al., 2006). A growing body of neuroscience research has
demonstrated that higher IBS levels are associated with enhanced learning outcomes
across various educational contexts (Zhang et al., 2024). Specifically, stronger neural
coupling, indexed by IBS in both lateral and medial frontal regions, as well as
temporoparietal regions, correlates with better performance in collaborative tasks such
as discussion, video gaming, and singing (Tan et al., 2023). Therefore, while IBS in both
left (LPFC) and mPFC has been associated with enhanced learning outcomes, the
specific brain regions whose synchronization is most critical for learning may vary
depending on the nature of the task and the learning aspects being measured. Appli-
cation of hyperscanning techniques to Instructed SLA research is thus expected to
extend the current knowledge of the neural processes underlying task-based commu-
nication (e.g., Gurzynski-Weiss, 2024).

In a pioneering fNIRS hyperscanning study, Nozawa et al. (2019) found that prior
physical synchrony between paired L2 learners enhanced IBS and rapport in the left
LPFC during language-focused vocabulary practice (i.e., teaching unfamiliar English
words in learner dyads). This finding suggests that neural synchrony during paired
vocabulary practice may contribute to enhanced vocabulary knowledge acquisition.
However, this investigation focused on decontextualized (e.g., word lists) rather than
contextualized (through communication tasks) vocabulary learning, leaving the effects
of vocabulary practice on IBS during interactive tasks unexplored.

To our knowledge, no research has investigated the effects of pre-task vocabulary
teaching on IBS during communication tasks. While some TBLT researchers promote
pre-task vocabulary teaching prior to the main task (Willis & Willis, 2007), pre-task
vocabulary practice could potentially disrupt communication and divert attention from
the task itself (e.g., R. Ellis, 2003; R. Ellis et al., 2019; Skehan, 1998). These divergent
perspectives raise the question of whether such pre-task practice might increase or
decrease IBS when a communication task is preceded by vocabulary practice, as L2
learners’ attention is divided to focus more on producing the practiced vocabulary items
accurately and to coordinate interaction for mutual understanding with their partners.

By examining IBS in communication tasks, researchers may uncover the neural
mechanisms underlying social learning processes. Given the importance of social
interaction in language learning, investigating how IBS relates to lexical learning could
provide valuable information about both the neurocognitive “process” during tasks and
the “product” of lexical acquisition. In sum, four significant gaps identified in this
literature review are addressed in the current study:

1. The relative effects of pre-task and post-task vocabulary practice on lexical learning

2. The relationship between vocabulary practice performance and subsequent lexical
learning

3. The effects of pre-task vocabulary practice on IBS during interactive communica-
tion tasks

4. The potential relationships between IBS and lexical learning
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This integration of neuroscientific methods with instructed SLA research approaches
(e.g., Gurzynski-Weiss, 2024) offers a promising avenue for advancing our under-
standing of L2 learning processes in interactive contexts.

The current study

This study investigated the effects of vocabulary practice timing on lexical learning and
IBS during interactive communication tasks. We employed a pretest—posttest design
with random assignment to experimental conditions (pre-task or post-task vocabulary
practice). Participants were 80 Japanese learners of English as an L2 (40 dyads), who
engaged in information-gap (communication) tasks. In the pre-task vocabulary prac-
tice condition, participants practiced target verb-noun combinations before the com-
munication tasks, while in the post-task vocabulary practice condition, they practiced
the same verb-noun combinations after completing the communication tasks. During
both vocabulary practice and communication tasks, participants’ medial prefrontal
neural activity was measured using fNIRS to assess IBS. Lexical learning was evaluated
through a pretest and a one-week delayed posttest.

Four research questions (RQs) were addressed:

RQ1. To what extent does the timing of vocabulary practice influence lexical learning?

RQ2. To what extent does the vocabulary practice performance predict lexical
learning?

RQ3. To what extent does pre-task vocabulary practice influence IBS in the brain
regions associated with language processing (left LPFC) and social cognition
(mPFC) during communication tasks?

RQ4. To what extent does IBS in the mPFC and left LPFC during vocabulary practice
and communication tasks predict lexical learning?

Guided by previous research, we formulated the following hypotheses:

H1. The pre-task group would exhibit greater lexical knowledge gains than the post-
task group.

H2. Better vocabulary practice performance would lead to greater learning.

H3. Pre-task vocabulary practice would (a) increase IBS in the left LPFC (language
processing) and (b) decrease IBS in the mPFC (social cognition) during subse-
quent communication tasks. Alternatively, it might decrease IBS in both left LPFC
and mPFC.

H4. IBS particularly in the left LPFC (language processing) during vocabulary practice
and communication tasks would positively predict lexical learning.

These hypotheses draw upon theoretical considerations and empirical findings from
TBLT and neuroscience research. H1 stems from the idea that pre-task practice may
enable more active and effective lexical use during subsequent communication,
enhancing knowledge consolidation (Schmitt, 2008). H2 is based on the principle that
successful initial learning during practice provides a stronger foundation for later
application and deeper acquisition (e.g., Nation, 2007). H3 considers both the func-
tional specialization within the PFC (left LPFC for language processing, mPFC for
social cognition; Gilbert et al., 2006) and the TBLT notion of a potential trade-off
between attention to linguistic forms and communication (e.g., R. Ellis, 2003; R. Ellis
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etal., 2020; Skehan, 1998). Integrating these, we primarily predict that pre-task practice,
by orienting attention to linguistic forms, would exert differential influence on IBS in
(a) the left LPFC (language processing) and (b) the mPFC (social cognition) during
subsequent communication tasks. This functional brain specialization might lead to
(a) increased IBS in the left LPFC and (b) decreased IBS in the mPFC due to reduced
interpersonal focus. However, an alternative possibility also exists: if pre-task practice
shifts learner’s attention heavily towards lexical processing within themselves, it might
reduce overall inter-personal coordination, potentially leading to decreased IBS in the
left LPFC (hence, reduced IBS in both regions). The lack of prior fNIRS hyperscanning
research in interactive L2 learning contexts hinders strong directional IBS predictions.
Hence, the predictions for H3 should be considered exploratory. Finally, H4 builds on
findings linking IBS to learning outcomes (e.g., Tan et al., 2023; Zhang et al., 2024) and
posits that, in the context of lexical acquisition facilitated by practice, synchronization
in the brain region most relevant to language processing (left LPFC) would be
particularly predictive of learning gains.

Method
Participants

The study sample comprised 80 English learners (48 female, 32 male; age 18—22 years,
M =19.25, SD = 1.19) with Japanese as their first language (L1).! They were university
students and their academic backgrounds spanned various disciplines within the
humanities and social sciences, including cross-cultural studies, foreign languages,
and international business. All participants were right-handed and had limited expo-
sure to English-speaking environments, with no individual having spent more than
three months studying or residing in an Anglophone country.

Given the interactive nature of the primary task, we controlled for potential con-
founding variables by recruiting same-sex pairs of already acquainted individuals. We
collected data on both general language proficiency (elicited imitation task; Wu et al,,
2022) and dyad interaction (face-to-face meetings and digital communication) fre-
quency. Analyses revealed comparable proficiency levels between groups but signifi-
cantly higher pair contact frequency in the post-task group (see Appendix A in Online
Supplementary Material for details). To account for these participant characteristics,
both proficiency scores and pair contact frequency were included as covariates in all
subsequent analyses.

Communication tasks

Two interactive information-gap tasks—"Company Spy” and “Museum Thief”—were
adapted from a recently published TBLT textbook designed to facilitate English
interactive skills development (Kelly & Suzuki, 2025). Both tasks required participants
to work in dyads, assuming sender and receiver roles to exchange information and
achieve a specific objective (see Figure 1).

'nitially, 84 university students (forming 42 same-sex pairs) were recruited for the study. However, due to
unforeseen illness, one participant from each of two separate pairs was unable to attend the second
experimental session. As the study design required pair participation across both sessions, data from these
two pairs (four participants in total) were excluded from the final analysis.
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Company Spy
Sheet A (Sender) Sheet B (Receiver)

Bogin the task by saying:
“The spy opened a truck at 3:30.”

Museum Thief

Sheet A (Sender) Sheet B (Receiver)

Begin the task by saying:
“The thiefarrived at a museum at 9:00.”)

900 05 %15 16 w20
THo

J & i~ |

9:00 arrive at the museam

Y
b

Figure 1. Communication tasks: Company Spy Task (top) and Museum Thief (bottom). Note: Enlarged
materials are available in Appendix B in Online Supplementary Material.

In the “Company Spy” task, the primary goal was to reconstruct the spy’s infiltration
route through a company’s premises. The sender was provided with a handout depict-
ing security camera footage, which chronicled the spy’s movements with corresponding
time stamps. The receiver, equipped with a map of the building, was tasked with
documenting the spy’s progress based on the sender’s descriptions. For example, the
sender might communicate, “The spy climbed a ladder to the second floor at 9:35.”
Receivers were encouraged to seek clarification when necessary, promoting the inter-
active aspect of task-based communication.
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The “Museum Thief” task followed a similar structure, with participants working
to reconstruct a thief’s path through a museum. As in the previous task, senders
described the thief’s actions and provided timestamps (e.g., “The thief released
sleeping gas at 9:05”) based on the provided video footage screenshots, while receivers
documented this information on a museum floor plan. This parallel design ensured
consistency across tasks while presenting a novel scenario to maintain participant
engagement.

This task design aligns with the key TBLT research principles, emphasizing authen-
tic communication, information exchange, and the negotiation of meaning within a
structured context (R. Ellis et al., 2020). Both tasks featured an equal number of scenes
(19) to describe and shared a similar narrative structure, requiring minimal causal
reasoning.

Target vocabulary

We selected 22 verb—noun combinations (see Appendix C in Online Supplementary
File) that are useful in effectively completing the communication tasks. Eleven items
were extracted from each of the two tasks: Company Spy (e.g., “fly a drone,” “take out a
ladder,” “shoot a gun”) and Museum Thief (e.g., “release gas,” “unlock a door,” “turn on
a computer”).

All verbs and most nouns were among the most frequent 2000 word families in the
BNC/COCA-25 lists (Nation, 2017). This suggests that while participants might
recognize the individual words within the verb—noun combinations, they might still
struggle to produce these specific combinations. This assumption was supported by
classroom observations from prior implementations of the target information-gap
tasks, where two of the authors had noted that Japanese university students did not
always produce these specific combinations. These characteristics made the selected
verb-noun combinations potential pedagogical targets that would benefit from delib-
erate vocabulary practice.

To ensure the naturalness and appropriateness of our target items, we consulted
with a native English speaker who reviewed each verb-noun combination alongside
the corresponding scene. All word combinations were verified as natural and appro-
priate expressions for describing the depicted actions in those specific contexts. It is
important to note that we selected these verb-noun combinations based on their
functional importance for our communication tasks rather than on statistical fre-
quency criteria that is required in the definition of collocations (see Appendix C for
the t-scores and MI scores for the verb + noun combinations). Some of the combi-
nations are collocations (e.g., “fly a drone,” “shoot a gun,” “put handcuffs”) according
to statistical criteria (e.g., MI scores > 3; Hunston, 2002), while others (e.g., “put a
drug,” “burn a fence,” “release gas,” “tear up a pillow”) do not meet these strict
statistical thresholds. Our approach aligns with a research perspective emphasizing
contextual relevance in vocabulary learning (Wood, 2019) and is justifiable from a
practical perspective such as TBLT for preparing linguistic resources that are useful
for task completion.

Vocabulary practice sheet

The vocabulary practice sheet contained a Japanese—English list of the target 22 verb—
noun combinations (see Appendix D in Online Supplementary File). The word
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combinations were deliberately arranged in a different order from their appearance in
the communication task narration to prevent learners from mechanically following the
list during task completion. The sheet was used during the vocabulary practice session
before or after the communication phase, where dyads took turns testing each other on
the target multiword expressions (see the Procedure section for details).

fNIRS measurements

To assess prefrontal brain activity during face-to-face learning tasks (Figure 2a and b),
we employed the HOT-2000 fNIRS device (NeU Corporation, Japan). This device
utilizes near-infrared light to detect hemodynamic changes in the brain, which serve as
neural activity indicators. The apparatus is designed as a comfortable headband with
two sets of light emitters and detectors (Figure 2c), enabling natural interaction
between participants while measuring activity in distinct PFC regions associated with
external and internal mental processes.

We focused on the neural activity in the mPFC and left LPFC (see Figure 2d) during
both vocabulary practice and communication task phases. This choice was guided by
the distinct functional roles of these regions and previous findings of their synchronized
activity during verbal communication. Specifically, the left LPFC is primarily impli-
cated in language processing and production, while the mPFC is crucial for social
cognition and mentalizing (Gilbert et al., 2006).

The fNIRS system quantifies total hemoglobin concentration changes, previously
established as a reliable proxy for localized brain activity. To ensure optimal signal
quality, we positioned the sensors on participants’ foreheads, carefully displacing hair
and employing light-blocking covers to minimize external interference. Participants
were instructed to maintain a relaxed posture and minimize head movements to

(a) : (b)

Figure 2. fNIRS measurement and learning task setup.

Note: Figure (d) shows the spatial sensitivity profile of the two fNIRS channels to cortical hemodynamic
changes, generated using the HOMER and AtlasViewer software. Warmer colors indicate higher sensitivity
to hemodynamic changes in these brain regions.
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Table 1. Spoken vocabulary knowledge

Accuracy Speech rate
Translation task Declarative knowledge of form— Processing efficiency for retrieving form—
meaning mapping in translation meaning mapping in translation
Narrative task Declarative knowledge of lexical Processing efficiency for lexical use in
use in context context

enhance signal clarity and reduce motion-induced artifacts. While fNIRS is generally
more tolerant to such artifacts than techniques like EEG (Quaresima & Ferrari, 2019),
minimizing movement remains important for optimizing data quality.

Vocabulary learning measures

To assess spoken vocabulary knowledge, we employed translation and narrative tasks
that measure different aspects of verb-noun combination knowledge (see Table 1).
Building on the framework of multifaceted vocabulary knowledge as delineated in the
Background Literature section (e.g., Godfroid, 2019; Read, 2000; Saito et al., 2025;
Uchihara et al., 2025), our assessment distinguishes between accuracy (declarative
knowledge) and speed (processing efficiency) in two contexts: (a) decontextualized
recall and (b) contextualized use.

The translation task assesses the ability to recall the spoken forms of verb-noun
combinations in a decontextualized situation when prompted with L1 translations.
This evaluates both declarative knowledge of form—meaning mapping (accuracy of
production) and processing efficiency for the retrieval of this mapping (speech rate).
The narrative task focuses on the ability to use these combinations in context, evalu-
ating declarative knowledge of lexical use (accuracy) as well as processing efficiency for
lexical use (speech rate) within a meaningful communicative situation.

As established in recent research (Saito et al., 2025; Uchihara et al., 2025), these
complementary tasks capture different aspects of vocabulary knowledge. The transla-
tion task primarily reflects form-meaning connections, while the narrative task addi-
tionally captures use-in-context knowledge. Processing efficiency is typically
considered as an index of automaticity (DeKeyser, 2001; Suzuki et al., 2025); however,
speech measures such as speech rate should not be equated with full automaticity,
which typically requires restructuring of lexical knowledge representation (Segalowitz,
2010). While the exact nature of this restructuring process in vocabulary learning
warrants further research, it presumably involves (a) strengthening form—meaning
connections and (b) developing appropriate contextual use of lexical items. We do not
claim that speech rate alone represents automatized lexical knowledge, but rather view
fast performance (i.e., faster speech rate) as a meaningful product of learning that
reflects degrees of automaticity, acknowledging that automaticity exists on a contin-
uum from slow, hesitant L2 processing to efficient, fluent performance (DeKeyser,
2017; Suzuki, 2022).

Together, these tasks provide a comprehensive evaluation of learners’ spoken
vocabulary knowledge that encompasses both declarative knowledge and the degree
to which this knowledge has become efficient for fluent use in communication.”

*Correlations among the accuracy and speed measures on the two tasks were weak to moderate (.29 < <.67),
suggesting that each measure taps into different aspects of vocabulary knowledge (see Appendix E in Online
Supplementary File).
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1. The question number . 2. The item is 3. The next question
appears on the screen. Y presented and the number appears on the
response is recorded. screen.
1 —_— Fo—»&=®mi$T —_— 2
ZIE (f_)(a)(d____) 22

Figure 3. Translation task procedure.

Translation task

A translation (cued recall) task was employed to assess participants’ lexical knowledge.
As shown in Figure 3, participants viewed Japanese phrases on a computer screen and
were asked to produce the corresponding English verb—noun combinations. For each
English word, the first letter of each word was provided as a cue, with the number of
remaining letters indicated by underscores (e.g., (f_ _) (a) (d _ _ _ _) for “fly a drone”).
Participants were given 8 seconds to respond to each item and were instructed to
respond as accurately and quickly as possible.

Responses were scored manually. Correct answers were awarded one point, based
on pronunciation comprehensibility (Uchihara, 2022). Comprehensible responses,
despite minor pronunciation and/or morphological errors that won’t severely influ-
ence comprehensibility (e.g., “stole money” instead of “steal money,” “leave footprint”
instead of “leave footprints,” “collect a fingerprints” instead of “collect a fingerprint”),
received one point.

Speech duration was measured from the onset of the cue (i.e., Japanese translation)
to the end of utterance for all fully correct items. To standardize utterance length across
multiword expressions, speech rate (ie., the number of syllables per second) was
computed by dividing the number of syllables in multiword expressions by the speech
duration for each item.

Two Japanese speakers initially coded responses from 11 participants for both
accuracy and speed measures. Based on 242 responses in each measure, 99% inter-
coder agreement was achieved, and the remaining discrepancies were resolved through
discussion. After achieving 100% agreement, one coder proceeded to score responses
from the remaining participants. Satisfactory reliability for accuracy measures, indexed
by Cronbach’s alpha, was achieved for pretest (o = .67) and posttest (a0 = .78).

Narrative task

A narrative (monologue speech) task was used to measure lexical knowledge deployable
in context. Participants were asked to orally narrate specific scenes without a time limit,
allowing for the elicitation of lexical usage in a context. They narrated only the task for
which they had acted as the information sender during the main communication
activity. Thus, each participant received a handout for either the Company Spy or
Museum Thief task, showing security camera footage of a spy’s or thief’s entry,
respectively. Because we were interested in the effects of output during communication
task on the lexical use in context, this approach ensured that participants’ narratives on
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this task were presumably based on their actual experience of describing the scenes
during the interactive task.

Narrations were recorded and transcribed. Then, all the utterances with target
multiword expressions were extracted from the transcripts and were coded for accuracy
and speed measures. Consistent with the translation task scoring rubrics, one point was
given for correct use of target items, disregarding minor morphological errors such as
tense, number, or article mistakes. No credit was given when a participant did not use
the target multiword expression when describing the relevant scene in the sequence, for
instance, by using a different, nontarget expression or by describing the scene without
the target phrase.

Speech duration was measured from the offset of words immediately preceding the
target expression to the end of the target expression for correct productions, including
any pauses that occurred before or within the expression. For instance, in the utterance
“The spy flew a drone at 7 PM,” the speech duration included both the speaking time
and any pauses from the offset of “spy” to the end of “drone.” This inclusive measure-
ment of pauses provides a more complete picture of the temporal aspects of lexical
production in spontaneous speech (see Suzuki, 2017 for a similar approach in gram-
mar). In line with the narrative task, speech rate was computed by dividing the number
of syllables in multiword expressions by the total speech duration (including pauses) for
the multiword expressions.

Procedure

Participants were recruited at the university through flyer advertisements and were
compensated for their participation in two sessions. Upon arrival in an office for the
first session, all participants signed a consent form and were then randomly assigned to
either the pre-task or the post-task group.

Using a pretest—posttest design, the first session consisted of pretest and two
communication tasks along with vocabulary practice, and a delayed posttest was
administered during the second session one week later, as illustrated in Figure 4.

The first session commenced with the translation task administered as a pretest.
Participants were then fitted with fNIRS devices, which they wore during the vocab-
ulary practice and communication tasks. In the pre-task group, learners received a
vocabulary practice sheet with a Japanese—English list of verb—noun combinations
relevant to the communication tasks prior to engaging in them. To familiarize them-
selves with the target multiword expressions, participants listened via a speaker to an
audio recording, which was generated specifically for this study using Al software with
a standard female American English voice. Subsequently, the activity transitioned into a
paired vocabulary practice session. One learner, assuming the role of teacher and
referencing a list, orally provided each Japanese translation, while their partner, with
their sheet turned over, responded by providing the corresponding English expressions.
These roles were then reversed to allow each learner to experience both positions. The
participant in the teacher role was instructed to promptly provide the correct English
expression if their partner was unable to respond, and to offer corrections when errors
occurred. This vocabulary practice session typically lasted 2—-3 minutes. In the post-task
group, the same vocabulary practice activity was conducted after the completion of the
communication tasks.

*All materials and instructions are available in the OSF link: https://doi.org/10.17605/OSE.IO/FWXTE
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Pre-task group Post-task group
Pretest (Translation Task) Pretest (Translation Task)
Session 1 Vocabulary Practice (with fNIRS) Two Communication Tasks (with fNIRS)

- Task 1 (Sender or Receiver)

Two Communication Tasks (with fNIRS) - Task 2 (Sender or Receiver)
- Task 1 (Sender or Receiver)

- Task 2 (Sender or Receiver) Vocabulary Practice (with fNIRS)

1 week later 1 week later

Session 2 Delayed Posttests ‘ ‘ Delayed Posttests

(Translation Task & Narrative Task) (Translation Task & Narrative Task)

Figure 4. Experimental procedure.

During the communication tasks, participants were encouraged to use English exclu-
sively and were allotted 20 minutes to complete each task. Importantly, while participants
in the pre-task group had been told at the beginning of vocabulary practice with the
instructions sheet that they would be learning “English phrases that will help with the
communication task,” they were not explicitly instructed when beginning the communi-
cation task to use these specific expressions. Both conditions received identical task
instructions to ensure comparability. To control for potential order effects, we imple-
mented a counterbalancing design across two factors: condition (pre-task vs. post-task)
and task (Company Spy and Museum Thief). Across the two tasks, participants alternated
roles, with each participant serving as sender in one task and receiver in the other.

One week after the first session, each learner returned to complete surprise delayed
posttests (translation and narrative tasks) and an elicited imitation task to measure their
L2 proficiency. The narrative task was administered only at the delayed posttest to
avoid influencing the communication task performance in the first session. Similarly,
immediate posttests were not administered to prevent potential positive practice effects
on subsequent performance (Suzuki, 2017).

Data analysis

All analyses were conducted using R (R Core Team, 2022) with mixed-effects modeling.
This approach allowed us to account for both fixed and random effects, thereby
controlling for individual differences among participants and items (Baayen et al.,
2008).

As accuracy scores were binary (1 or 0), we employed logistic mixed-effects models
using the “lme4” package (Bates et al., 2015). For speech rate scores, we used linear
mixed-effects models (LMM:s) within the same package, as LMMs are well-suited for
analyzing continuous data, such as speech rate.

To address RQ1 (the effect of vocabulary practice timing) and RQ2 (the predictive
power of vocabulary practice performance), we employed a principled model selection
procedure (Meteyard & Davies, 2020) to construct four models: two for the translation
task (accuracy and speed measures) and two for the narrative task (accuracy and speed
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measures). This procedure allowed us to systematically examine the effects of our key
variables while controlling for potential confounders. We began by constructing a base
model featuring Condition (pre-task vs. post-task) and several relevant covariates as
fixed effects, with participants and items as random intercepts. The post-task condition
was coded as 0 (reference level) because this group did not receive the vocabulary
practice treatment prior to the communication tasks, with the pre-task condition coded
as 1. For effect size, we report the odds ratio (OR) for the Condition effect, along with its
95% confidence interval (CI). The OR represents the change in odds of a higher
accuracy score for the pre-task condition compared to the post-task condition, whereby
OR > 1 indicates higher odds of accuracy in the pre-task condition, while OR <
1 indicates lower odds. Relevant R code is presented in Appendix F in Online
Supplementary File.

The scores from the vocabulary practice phase (Vocabulary Practice), representing
the total correct recalls of target expressions by the participants, were entered as a fixed
effect. Additional covariates included pretest score on the translation test (Pretest),
elicited imitation score (EIT), and partner contact frequency (Partner). These covari-
ates were centered and included to control for individual differences in prior knowl-
edge, language proficiency, and partner contact frequency that might influence lexical
learning. Using the Variance Inflation Factor (VIF), multicollinearity assumption was
checked for all models. As the VIF values for all predictors in our models were well
below 10, multicollinearity was not a concern in our analyses.” We also tested an
interaction between Condition and Vocabulary Practice performance, retaining it only
if it significantly improved model fit based on likelihood ratio tests and AIC.

To address RQ3, we investigated the influence of pre-task vocabulary practice on IBS
during subsequent communication tasks. For this purpose, brain activity in both
members of each dyad was measured simultaneously using fNIRS (for the detailed
neural data preprocessing procedure, see Appendix G in Online Supplementary File).
Similar to the strategy described above, we conducted linear mixed-effects model
analyses to examine differences between the post-task and the pre-task group. One
mixed-effects model was constructed for the IBS during the two communication tasks
(Task 1 and Task 2) as a within-subject fixed effect, while vocabulary practice, pretest,
EIT, and partner served as covariates (for the R code, see Appendix H in Online
Supplementary File). Based on the VIF scores, multicollinearity was not a concern in
these analyses.

For RQ4, we extended these models to include six IBS predictors identified through
the analysis addressing RQ3. Specifically, individuals’ mean IBS scores for the mPFC
and left LPFC for each learning block (i.e., the IBS for the mPFC for Vocabulary
Practice, Task 1, and Task 2, as well as the IBS for the left LPFC for Vocabulary Practice,
Task 1, and Task 2) were entered into the original mixed-effects models for RQ1 and
RQ2. These IBS scores were the same as those used in the statistical model for RQ3.
Using likelihood ratio tests, we compared these extended models to the original models
to determine if the inclusion of IBS predictors significantly improved the model fit. The
VIF scores confirmed that multicollinearity was not a concern in these analyses. The R
code for the full models is presented in Appendix I in Online Supplementary File.

This comprehensive approach allowed us to rigorously test our hypotheses while
accounting for the complex structure of our data and the potential interactions between

*Pretest and vocabulary practice scores were moderately correlated, but they are distinct as vocabulary
practice score is the result of brief yet deliberate practice and is higher than the pretest score.
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Table 2. Descriptive statistics for key variables by condition

Pre-task Condition Post-task Condition

M 95% Cl SD M 95% ClI SD

[Covariates]

Translation_Acc (Pretest) 29.66% [26.35,32.97] 10.20% 30.74% [26.12,35.36] 14.45%
Vocabulary Practice 55.55% [50.75,60.48] 16.82% 58.77% [53.64, 63.66] 16.27%
[Posttest Measures]

Translation_Acc (Posttest)  66.32% [61.00, 71.64] 16.41% 63.86% [58.28,69.45] 17.47%

Translation_SpR (Posttest) 1.12 [1.07,1.17] 0.14 1.10 [1.05, 1.15] 0.15
Narrative_Acc (Posttest) 60.16% [53.32,67.00] 21.38% 54.27% [46.66,61.88] 23.79%
Narrative_SpR (Posttest) 1.7 [1.53, 1.86] 0.52 1.71 [1.48, 1.94] 0.71

Note: Cl = confidence interval; Acc = accuracy; SpR = speech rate.

variables. By using appropriate models for different types of outcome variables and
employing a systematic model selection procedure, we ensured that our results were
robust and interpretable within the context of our research questions.

Results

Descriptive statistics (Table 2) revealed similar baseline performance and vocabulary
practice scores between conditions. Independent samples ¢-tests confirmed no signif-
icant differences in the pretest score on the translation task (Welch’s #(78) = 0.51, p =
.61,d=0.11) or Vocabulary Practice performance (#(78) = 0.88, p =.38,d = 0.20). These
results establish comparable starting points for both groups, allowing for meaningful
comparisons of the timing manipulation’s effects on subsequent task performance.

The effects of timing and vocabulary practice performance on lexical learning (RQ1 and
RQ2)

Tables 3 through 6 show the full results of the logistic mixed-effects model for accuracy
measures and of the linear mixed model for speech rates. In the remainder of this
section, our interpretation will focus on the effects of Condition (RQ1) and Vocabulary
Practice performance (RQ2).

Translation task

For the accuracy measure of the translation task (Table 3), the logistic mixed-effects
model indicated a significant effect of Condition (b = 0.343, p = .044). The OR for
Condition (pre-task vs. post-task) was 1.41 (95% CI [1.01, 1.97]), indicating that
participants in the pre-task condition had 41% higher odds of achieving greater

Table 3. Logistic mixed-effects model results (accuracy in the translation task)

Predictor b [95% Cl] SE z p
(Intercept) 0.96 [0.14, 1.79] 0.42 2.29 .02
Condition 0.34 [0.01, 0.68] 0.17 2.01 .04
Vocabulary Practice 0.08 [0.05, 0.11] 0.01 5.6 <.001
Pretest 0.19 [0.11, 0.26] 0.04 478 <.001
EIT 0.16 [-0.23, 0.56] 0.2 0.81 42
Partner —0.0002 [-0.11, 0.11] 0.06 -0 .99

Note: Random effects: Participant (SD = 0.40), Item (SD = 1.89).
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Table 4. Linear mixed-effects model results (speech rate in the translation task)

Predictor b [95% Cl] SE t p
(Intercept) 1.07 [0.95, 1.20] 0.06 17.51 <.001
Condition 0.03 [-0.02, 0.08] 0.03 1.15 25
Vocabulary Practice 0.01 [0.01, 0.02] 0 3.93 <.001
Pretest 0.02 [0.004, 0.03] 0.01 2.70 .01
EIT 0.02 [-0.04, 0.08] 0.03 0.75 46
Partner —0.0003 [-0.02, 0.02] 0.01 -0.04 97
Condition x Vocabulary Practice —0.01 [-0.02, —0.003] 0 -2.74 .01

Note: Random effects: Participant (SD = 0.09), Item (SD = 0.27).

accuracy compared to those in the post-task condition. Vocabulary practice per-
formance was a significant positive predictor of accuracy (b = 0.081, p <.001), with
each unit increase in vocabulary practice performance associated with an 8%
increase in the odds of higher accuracy (OR = 1.08, 95% CI [1.05, 1.12]).

For the speed measure in the translation task, the linear mixed-effects model
(Table 4) revealed no significant effect of Condition (b = 0.03, 95% CI [-0.02, 0.08],
p = .25). However, there was a significant positive effect of Vocabulary Practice
performance on speech rate (b =0.01,95% CI [0.01, 0.02], p <.001) and a significant
interaction between these variables (b = -0.01, 95% CI [-0.02, -0.003], p = .01).
As shown in Figure 5, the interaction pattern suggests that higher vocabulary practice
performance was associated with faster speech rates in the post-task condition only.

Narrative task

For the accuracy measure of the narrative task (Table 5), logistic mixed-effects model
indicated a significant effect of Condition (b = 0.428, p = .039). The OR for Condition

Interaction between Condition and Vocabulary Practice Performance on Speech Rate

Predicted Speech Rate

08

-20 -10 0 10
Vocabulary Practice Performance

Condition EI Post-task IE] Pre-task

Figure 5. Effects of interaction between condition and vocabulary practice performance on speech rate in
the translation task.
Note: The shaded areas represent 95% Cls.
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Table 5. Logistic mixed-effects model results (accuracy in the narrative task)

Predictor b [95% ClI] SE z p
(Intercept) 0.12 [-0.39, 0.63] 0.26 0.46 65
Condition 0.43 [0.02, 0.83] 0.21 2.06 .04
Vocabulary Practice 0.10 [0.06, 0.13] 0.02 5.59 <.001
Pretest ~0.03 [-0.12, 0.06] 0.05 —0.71 A48
EIT 0.30 [-0.17, 0.77] 0.24 1.25 21
Partner —0.01 [-0.14, 0.12] 0.07 -0.19 85

Note: Random effects: Participant (SD = 0.51), Item (SD = 0.74).

(pre-task vs. post-task) was 1.53 (95% CI [1.02, 2.30]), indicating that participants in
the pre-task condition had 53% higher odds of achieving greater accuracy compared to
those in the post-task condition. Vocabulary Practice performance remained a signif-
icant positive predictor of accuracy (b = 0.099, p < .001), with each unit increase in
vocabulary practice performance associated with a 10% increase in the odds of higher
accuracy (OR = 1.10, 95% CI [1.07, 1.14]). Other predictors did not show significant
effects on accuracy in the narrative task.

The linear mixed-effects model for speech rate in the narrative task yielded results
that were similar to those obtained in the translation task (Table 6). As in the
translation task, the main effect of Condition was not significant (b = 0.11, 95% CI
[-0.15,0.37], p = .41), Vocabulary Practice performance showed a significant positive
effect on speech rate (b = 0.04, 95% CI [0.01, 0.07], p = .01) and interacted with
Condition (b = -0.05, 95% CI [-0.08, —0.01], p = .01). As illustrated in Figure 6, the
interaction pattern for the speed measure in the narrative task was similar to that
observed in the translation task.

The effects of timing on IBS (RQ3)

The mixed-effects model analysis revealed a significant main effect of Condition
on the IBS in the left LPFC during communication tasks (b = —0.02, 95% CI [-0.04,
—0.01], p = .01). Specifically, the post-task group exhibited higher mean IBS during
communication blocks than the pre-task group. In contrast, no significant condition-
related differences were observed in the mPFC (for full results, see Appendix | in
Online Supplementary File).

Relationship between IBS and lexical learning (RQ4)

To address RQ4, we compared the extended models (including IBS predictors) to the
original models (RQ1 and RQ2) using likelihood ratio tests. Results showed significant

Table 6. Linear mixed-effects model results (speech rate in the narrative task)

Predictor b [95% Cl] SE t P
Intercept 1.60 [1.34, 1.87] 0.13 11.88 <.001
Condition 0.11 [-0.15, 0.37] 0.13 0.84 41
Vocabulary Practice 0.04 [0.01, 0.07] 0.02 2.89 .01
Pretest 0.06 [-0.00, 0.11] 0.03 1.92 .06
EIT 0.22 [-0.08, 0.51] 0.15 1.45 .15
Partner 0.04 [-0.05, 0.12] 0.04 0.85 .40
Condition x Vocabulary Practice —0.05 [-0.08, —0.01] 0.02 -2.64 .01

Note: Random effects: Participant (SD = 0.42), Item (SD = 0.32).
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Predicted Speech Rate

10 20 30
Vocabulary Practice Performance

Condition EI Post-task E Pre-task

Figure 6. Effects of interaction between condition and vocabulary practice performance on speech rate in
the narrative task.
Note: The shaded areas represent 95% Cls.

improvements in model fit for translation task accuracy (x*(6) = 20.60, p = .01) and
narrative task speech rate (°(6) = 16.41, p = .01), but not for translation task speech rate
(A (6) = 11.73,p =.07) and narrative task accuracy A (5) = 6.25,p=.28). We thus report
the results for the two significant models and focus on the significant IBS predictors
only (see full results in Appendix K in Online Supplementary File).

Translation task (accuracy measure)

Three IBS predictors exhibited significant effects on accuracy on the translation task:
(a) the IBS in the mPFC during Vocabulary Practice (b = 2.99, 95% CI [0.08, 5.90], p =
.04), (b) the IBS in the left LPFC in Task 1 (b = 8.61, 95% CI [3.68, 13.54], p < .001), and
(c) the IBS in the mPFC in Task 2 (b = 3.99, 95% CI [0.57, 7.41], p = .02). These results
suggest that increased IBS in specific regions and during particular tasks is associated
with higher accuracy on the translation task.

Narrative task (speech rate)

The IBS in the mPFC during Vocabulary Practice showed a significant positive effect on
speech rate in the narrative task (b = 3.14, 95% CI [0.75, 5.54], p = .01), suggesting that
increased IBS in this area during vocabulary practice is associated with faster speech
rate during the narrative task.

Discussion

The objective of the present study was to elucidate the effects of vocabulary practice
timing on lexical learning and neural synchronization. Results pertaining to RQl
support the hypothesis that pre-task vocabulary practice leads to greater learning than
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post-task practice (H1). In the translation and the narrative task, participants who
engaged in pre-task vocabulary practice demonstrated significantly higher accu-
racy compared to those in the post-task condition. This finding aligns with the
view that initial development of declarative knowledge through form—meaning
mapping, followed by subsequent contextual use of L2 items, enhances the con-
solidation of learned knowledge (Schmitt, 2008). From a TBLT perspective, the
pre-task advantage may support Willis and Willis’s (2007) argument that prepar-
ing learners with relevant linguistic resources can enhance task performance and
subsequent acquisition.

The effect of vocabulary practice timing on speech rate was more nuanced. While
there was no significant main effect of condition on speech rate in either task, we
observed significant interactions between condition and vocabulary practice perfor-
mance. This finding suggests that the impact of practice timing on production speed
may be moderated by individual differences in vocabulary practice performance, the
role of which is discussed next.

Contrary to our second hypothesis related to RQ2, the relationship between
vocabulary practice performance and learning outcomes was not consistently stron-
ger in the pre-task condition. Instead, we found that higher vocabulary practice scores
predicted improved accuracy and speed in the translation as well as the narrative task
across both conditions. This result underscores the importance of successful vocab-
ulary practice, regardless of its timing, in facilitating lexical learning through inter-
active tasks.

The interaction between vocabulary practice performance and condition for speech
rate measures reveals an intriguing pattern. In both tasks, higher vocabulary scores were
associated with faster speech rates in the post-task condition, while this relationship
was weaker or absent in the pre-task condition. One reviewer suggested this pattern
might reflect a recency or priming effect, where vocabulary practice facilitated subse-
quent lexical access and production speed. This interpretation may warrant further
investigations, given that the posttest took place one week after the vocabulary practice
session. This significant lag between vocabulary practice and posttest sessions suggests
that other factors are more likely at play.

Focusing on the impact of consolidation over time, for the post-task group, vocab-
ulary practice was their final, focused exposure to the target items before the one-week
delay. A strong performance in this session therefore likely predicted better consoli-
dation and, consequently, faster retrieval a week later. In contrast, the pre-task group’s
initial practice performance did not predict their long-term retention. This may be
because the subsequent communication task provided a crucial opportunity to autom-
atize their knowledge through contextualized use. This interactive practice allowed
them to enhance automaticity, making their final performance largely independent of
how well they did in the initial practice session.

Regarding RQ3’s question on how pre-task practice influences IBS, our exploratory
H3 acknowledged different possibilities, given limited prior fNIRS research in inter-
active L2 learning. While we predicted increased left LPFC and decreased mPFC IBS, an
alternative view considering reduced overall inter-personal coordination pointed to a
potential decrease in both regions. The results revealed a complex picture: IBS in the left
LPFC was significantly lower in the pre-task group compared to the post-task group,
while no significant difference emerged in the mPFC. This finding, particularly the
lower left LPFC IBS, runs counter to our primary prediction based on heightened
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attention to linguistic form. However, it is potentially consistent with the alternative
possibility involving reduced interpersonal coordination, perhaps suggesting that
activating specific lexical knowledge beforehand hinders, rather than facilitates, the
real-time neural coordination underlying communicative language processing between
partners. This observation could lend support to TBLT concerns that an excessive pre-
task focus on linguistic forms can disrupt communication processes (e.g., R. Ellis et al.,
2020; Skehan, 1998), possibly because learners’ attention was divided. While prior work
showed drawbacks of pre-task grammar instruction (R. Ellis et al., 2019), our study
offers potential neural evidence for a similar effect with pre-task lexical instruction. The
lack of significant effect in the mPFC did not clearly align with our prior predictions.
Given the exploratory nature of H3 and these nuanced findings, the interpretations
presented here remain speculative and warrant further investigation.

Finally, the results pertaining to RQ4 partially support the hypothesis that IBS
(particularly in the left LPFC) predicts lexical learning outcomes by revealing complex
relationships that vary across tasks and measures. In the translation task, increased IBS
in the mPFC during vocabulary practice, in the left LPFC during the first task, and in the
mPFC during the second task positively predicted accuracy. In the narrative task, the
positive relationship between IBS in the mPFC during vocabulary practice and subse-
quent speech rate suggests that early synchronization in social-cognitive regions may
set the stage for more fluent production in complex tasks, corroborating the findings
yielded by previous studies showing that higher IBS enhances learning outcomes (e.g.,
Tan et al., 2023; Zhang et al., 2024).

Interestingly, the differential effects of IBS during Task 1 (left LPFC) and Task
2 (mPFC) on the translation accuracy may reflect the evolving nature of collaborative
learning processes across sequential tasks. The left LPFC (language processing) appears
more critical during initial collaborative interactions when participants are establishing
communication patterns and negotiating meaning. In contrast, the mPFC (sociocognitive
processing) becomes more important in subsequent collaborative tasks as participants
develop shared understanding and more efficient communication strategies.

Taken together, these findings suggest that vocabulary acquisition through interac-
tive tasks involves a dynamic interplay between language-specific neural networks and
social-cognitive processes, with their relative contributions shifting as learners progress
through sequential collaborative tasks.

Theoretical and practical implications

The interdisciplinary research findings reported in this work have both theoretical and
practical implications. We revealed complex interactions among practice timing, IBS,
and lexical learning, underscoring the need for more nuanced approaches to study
optimal lexical support timing. The insights gained from IBS measures can offer a new
perspective on the neural mechanisms underlying collaborative L2 learning from
interactive tasks. We found that withholding vocabulary practice until communicative
task completion is useful for promoting IBS. As engaging in interactive task prior to
form-focused instruction could allow learners to grapple with communicative chal-
lenges, it may result in more intensive neural coupling and collaborative problem-
solving, which also predicts lexical learning to some extent. Methodologically, we
demonstrated that fNIRS can be a useful neuroimaging technique in elucidating the
cognitive and social processes involved in L2 acquisition through task-based learning.
Future research integrating behavioral and neural measures may provide more
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comprehensive models of how inter-brain dynamics support language learning in
interactive contexts.

Practically, our findings highlight the need for teachers to carefully consider the
timing of vocabulary practice based on their specific pedagogical goals and the nature of
vocabulary knowledge they aim to develop in their students. Our analyses reveal that
the timing of vocabulary practice can qualitatively alter the nature of the learning
experience. According to Nation’s (2007) four-strand principle, while communication
tasks are typically categorized as meaning-focused output activities, our results suggest
that incorporating vocabulary practice at different timings can shift learners’ internal
psychological orientation toward such activities. Pre-task vocabulary practice, while
beneficial for enhancing vocabulary knowledge, may transform what is intended to be a
meaning-focused output task into a more language-focused learning experience, as
evidenced by reduced IBS during communication. As the timing of form-focused
components critically influences how learners engage with the task, it would be helpful
to consider not just which learning activities of four strands to combine, but also when
to introduce them to maintain the intended pedagogical focus in class, aiming to strike a
balance between lexical learning and communication processes.

Limitations and future directions

Several directions for future research can be proposed based on the present study. First,
while the results indicate that pre-task vocabulary practice led to greater lexical learning
gains, the current study did not analyze the interactional data produced during task
completion itself. Examining the data—including the frequency and nature of target
vocabulary usage (e.g., specific verb-noun combinations) as well as how dyads collab-
oratively approached the task—was beyond the scope of this paper. Such an analysis
would be informative, because the target verb—noun combinations were selected to be
task-useful rather than task-essential. This means that the lexical items could facilitate
communication but their use was not strictly required, which aligns with the TBLT
principle (R. Ellis et al., 2020). Analyzing the dyadic interactions is a valuable next step,
potentially revealing relationships between specific interactional patterns, lexical use
during the task, and lexical acquisition. Second, because the neural measures adopted in
this study revealed different IBS patterns in the pre-task group, investigating learners’
attention during communication tasks may help elucidate the effects of pre-task lexical
instruction. Third, this cross-sectional laboratory experiment is considered an explor-
atory attempt to unveil the potential benefits and costs of pre-task vocabulary practice
for task-based learning. As fNIRS technologies are increasingly being applied to
investigate learning processes in classrooms (Tan et al.,, 2023, for a review), our
laboratory study should be extended to classroom-based research with a longitudinal
design, allowing the effects of vocabulary practice timing on lexical learning and
communication processes to be monitored over time.

Conclusion

This study investigated the effects of vocabulary practice timing on lexical learning and
IBS during interactive communication tasks, offering insights into the complex inter-
play among practice timing, neural processes, and lexical learning. The obtained results
indicate that pre-task vocabulary practice is more conducive to lexical learning, as
evidenced by improved accuracy in both translation and narrative tasks. Intriguingly,
post-task vocabulary practice resulted in higher IBS in the left LPFC during
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communication tasks, suggesting that engaging in communication before formal
vocabulary practice may foster greater neural synchronization through collaborative
problem-solving. Furthermore, IBS in the brain regions responsible for social cognition
and language processing during vocabulary practice and communication tasks pre-
dicted aspects of lexical learning, highlighting the importance of mutual collaboration
in lexical learning through interaction.

Underscoring the importance of considering both cognitive and social aspects of
language acquisition, the findings reported here have significant implications for TBLT
and instructed SLA research. In particular, given that pre-task vocabulary practice
enhances lexical learning but may potentially interfere with communication processes,
a balanced approach in TBLT is required, carefully weighing the benefits of lexical
preparation against the value of genuine communication.

Supplementary material. The supplementary material for this article can be found at http://doi.org/
10.1017/S0272263125101290.
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