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Context-Adaptive Optimization for Bilinguals in Processing Time-Pressured
Al-Mediated Turn-Taking

ANONYMOUS AUTHORC(S)

Real-time turn-taking in Al-mediated communication (AI-MC) intensifies cognitive demands for second-language speakers, especially
when unfamiliar and domain-specific terminology must be understood and responded under time pressure. This paper tested the
perceived effectiveness of different display format (L1-only, L2-only, bilingual) of proactive clarifications during dyadic virtual medical
consultations with Chinese L1 / English L2 speakers. A lab-based Wizard-of-Oz study using qualitative analysis shows a robust
comprehension-phase advantage for L1 clarifications, while production-phase preferences for L2 emerge only when knowledge
representation is encoded primarily in L2. The observed pattern showed a three-way interaction of processing context, knowledge
representation, and prior language experience. Moreover, bilingual format best supports retention and retrieval when concurrent
learning goals are salient but overloads lower-proficiency users with mental stress. These findings argue for context-adaptive,
representation-aware bilingual support that tailors real-time mediation support to processing phase, knowledge-encoding history, and

situational stakes for inclusive AI-MC.
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1 Introduction

Real-time turn-taking imposes simultaneous cognitive demands on second-language (L2) speakers: comprehend incom-
ing speech, predict appropriate responses, access target-language lexical forms, and articulate within conversational
turn-taking constraints. Al-mediated turn-taking (AI-MC) further exacerbates this time-pressing situation by the
additional steps of interpreting, evaluating, and integrating Al-suggested content to speech output. For L2 speakers in
high-stakes settings, domain-specific terminology creates additional lexical and conceptual processing deficits. While
studies on L2 has extensively documented processing advantages of first language (L1) , whether and when L1 versus
L2 would benefit different phases of processing real-time communication remains under-specified.

Classical theories of language processing lay the theoretical grounding but not empirical guidance on how to
effectively scaffold L2 in AI-MC. Prediction theory [21] posits that comprehension operates through rapid predictions
of upcoming input, where L1 should provide processing efficiency advantages through direct conceptual priming.
However, this theory has not been operationalized to AI-MC where interpretation and evaluation delayed such planning.
Similarly, cognitive load theory (CLT; [24]) explains how extraneous load imposed by design can interfere with
learning and performance, yet provides limited guidance on how context-dependent demands create context-dependent

load sources. Language-dependent memory theory (LDM; [18, 25]) predicts that memory retrieval efficiency
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increases when retrieval-cue language matches with the original encoding. However, the magnitude and persistence of
such encoding-specificity effects across individual differences remains unknown in real-time settings.

Technologies supporting L2 communication often overlook the time-sensitive need of turn-taking and treat them as
uniform challenges requiring generic solutions [3, 15, 17, 20, 22]. In real-time support, the core design problem is how
to schedule bilingual display so that it reduces processing cost without creating persistent redundancy [9]. This study
bridges these works by investigating whether and how bilingual support improves comprehension, production, and
learning in real-time AI-MC. By systematically examining processing context, knowledge representation, and individual

differences, we operationalized psycholinguistic theories to provide insights for bilingual system design.

2 Related Works

In traditional speech models, [1, 2, 11-13] comprehension maps acoustic/orthographic input to conceptual representa-
tions, whereas production requires conceptual representations to activate appropriate lexical forms and phonological
encodings [7, 23]. Specifically in L2 studies, comprehension recruits automatic priming mechanisms, while production
requires active lexical-form retrieval and execution control [10, 14]. The Complementarity Principle [5] establishes
that bilinguals’ languages are functionally distributed across communicative domains rather than uniformly deployed.
In the same line, conceptual transfer theory [8] elaborates this mechanism: domain knowledge becomes cognitively
organized according to the linguistic structures, conceptual categories, and associative patterns of the original encoding
language. Crucially, regular bilinguals differ from trained translators—they often cannot retrieve precise translation
equivalents for domain-specific concepts learned in only one language [5]. This suggests that specifying the language(s)
through which domain knowledge was originally acquired may be a more powerful moderator of format effectiveness
than conventional proficiency metrics alone. Cognitive load theory (CLT) [24] provides a framework for understand-
ing how design decisions create cognitive load that interferes with comprehension and learning. Bilingual subtitle
enabled selective attention filtering [16] and produced superior meaning recognition and recall [26, 27]. This suggests
that L1 translations can functionally reduce L2 engagement if presented equally saliently, but when positioned as
secondary, dual-language presentation preserves L2 engagement while leveraging L1 semantic priming.

These findings indicate that the bottleneck of processing dual-language presentation depends on whether L2 remains
the primary engagement focus and whether languages provide complementary rather than redundant information.
This motivates a conversation-centric design question: during turn-taking, what display format should appear
at which moment, and for what content? This study investigates how these foundational theories map onto the
practical design problem of optimizing language displays in Al-mediated turn-taking. Rather than seeking a universal
"best format," we hypothesize that optimal format emerges from the interaction among (1) processing context
(comprehension vs. production phases), (2) content characteristics (domain-specificity and prior familiarity), and (3)

individual differences (proficiency and language of prior education).

3 Method
3.1 Participant

Ten L1 Chinese speakers (M=2; F=8; age=[19, 26]) were recruited via university system for extra course credits.

Participants were denoted by ID and years spent in an English-speaking country (e.g., C3-3 = 3rd participant, 3 years).
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3.2 Materials

We used an existing design framework [6] with its clarification feature to run a Wizard-of-Oz (WoZ) study in Figma
with L1-only, L2-only, and bilingual displays (Figure 1). Two interactive components were included: (1) a caption box,
where the highlighted green word is clickable, and (2) a sidebar, where each clarification tab pops up separately in a
temporal order. The tool was designed to be perceived as a fully automated system with all the clarification outputs
proactively generated when clicked during the conversation without any explicit prompting.

The topic was a virtual medical visit with a dietitian at University Health. Confederate speech was standardized as
fully pre-scripted to consistently guide the conversation. Validated via three pre-testings, this topic ensures medium-high
L1 but low L2 familiarity for target users from a foreign country with naturalistic exchanges via open-ended questions.

We selected twelve terms commonly used in diet and medical conversations. They were counterbalanced into four
categories based on processing context and medical domain specificity. For comprehension context, words appeared in
confederate’s speech without response demand; for production context, words appeared in question with response
pressure. Each of the three words in each category were assigned to be L1-only, L2-only, or bilingual formats (Fig.
1). The order of words was counterbalanced in the conversation to avoid any ordering effect. The maximal length of
clarifications was restricted to twenty words. Clarifications were only applied to participant accounts and distributed
evenly in the conversation to balance the cognitive load. Every line of caption in the conversation was one page in Figma
to avoid any extended reading of the confederate’s speech. If the target term was the last few word of the sentence, we
displayed them with the previous part to keep a similar reading window to other terms to avoid unintended skipping.

A semi-structured interview protocol was developed, asking participants to reflect on their communication experience,
such as perceived effectiveness of each format, change in behavioral engagement, change in communication effort,

comfort with the interface, alongside their background and prior language experience.

3.3 Procedure

Two laptops joined over Zoom and connected in TeamViewer. Zoom windows were pinned on top of the Figma page’s
placeholder to mimic that the tool was integrated in Zoom. A confederate monitored and progressed the conversation
via TeamViewer. Participants were instructed to have an unconstrained, naturalistic conversation with questions about
their daily diet and routine. They were advised not to share any personal details if concerned. After consent, participants
joined a demo session to familiarize and interact with the features and the interface (3 mins) before the official study.
In the study session (12 mins), the confederate acted as a real dietitian and conducted an informal virtual consulting

session with individual users. Users then shared their feedback via a semi-structured interview (15-30 mins).

4 Results

Inductive interview analysis [4] revealed consistent, phase-specific preferences for clarification format, moderated by
proficiency and knowledge-encoding history. Participants (8/10) reported substantially larger processing benefits with
L1-only (Chinese) format for domain-specific terminology during comprehension, consistently attributing this advantage
to faster reading and morphological transparency that enabled partial inference even when the term was unfamiliar. For
more domain-general vocabulary, they reported minimal differences across formats or relied on conversational context
rather than clarification. When a term was unfamiliar in both languages, bilingual display functioned as a reliable

fallback because it allowed cross-language checking and semantic confirmation with psychological safety (2/10).
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Fig. 1. Clarificationss in Zoom sidebar: the first column shows a sequence of minimized history of terms clarified. Each of the formats
is illustrated—bilinguals, L2-only and L1-only, where @): English term (L2); (" : English clarifications; @): Chinese term translation
(L1); ): Chinese clarification. (" @) (7} all popped up as expanded tabs. Only one tab expands at a time to avoid visual overload.
Participants can click the icon on the top right corner to view the other language when provided with a single-language clarification.

Processing context strongly shaped perceived optimal format. During comprehension, most participants (8/10)
described faster uptake and smoother flow with L1 format because they could read within natural pauses and keep
attention on partner speech. In production contexts with immediate output pressure, participants (5/10) preferred
L2 format because it offered direct access to lexical forms and reduced mental translation cost. However, production
preferences were not uniform: participants frequently selected formats based on which language the concept was
originally learned in, "if you have college here and so [for] some words...the first time you know is in English, and you
basically never know what is in Chinese." (C2-6). This pattern complicates a simple “L2 for production” rule and points
to educational history/encoding language as a key moderator in production-phase optimization.

L2 proficiency, education background, and living experience strongly moderated format effectiveness across all
contexts. Lower-proficiency participants (TOEFL equivalent 80-90) exhibited greater benefits from bilingual and L1-only
formats: reduced anxiety, faster comprehension, higher confidence in response formulation. One lower-proficiency
participant stated, "the one that I felt most anxious about, it’s probably just like English description...due to lack of
additional support", highlighting perception of L2-only as cognitively demanding (C3-3). In contrast, three higher-
proficiency participants (TOEFL 95-100) with early English exposure expressed comfort with English-only format and
sometimes skepticism toward L1 support: "because we’re talking English, so I feel like switching is...not destructive,
but just unnecessary” (C1-7). This proficiency-moderation effect emerged consistently across both technical and non-
technical vocabulary, suggesting general cognitive-processing differences rather than domain-specific effects. Beyond
proficiency, participants’ language of prior education and living experience shaped stable preferences, consistent with
the idea that domain knowledge organization influences which cues facilitate rapid retrieval under time pressure.

Clarifications did not significantly disrupt conversation flow when positioned at appropriate timing. Most
participants (9/10) reported no disruption when clarifications appeared end-of-turn or during response-planning
windows. Half of the participants explicitly noted non-disruptive experience: "I don’t think it was disruptive at
all...because I honestly didn’t really understand most of the terms that were highlighted green...And I actually appreciate
[if there could be] more terms [clarified]” (C10-2). Reading clarifications of the optimal format can occur concurrently
with response preparation within the time-frame of natural conversational pauses: "when I read really quickly, it

would not, definitely not, hurt or disrupt the conversation. I could just make the conversation continue. " (C8-5). Some
Manuscript submitted to ACM
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participants (3/10) also noted that mouse movement and clicking could induce attentional shifts and brief insecurity,
suggesting that reducing interaction cost matters for preserving speech flow.

Perceived learning and memory benefits varied by format and by whether learning was an active goal during
the conversation. Bilingual format was most often associated with stronger retention because cross-language mapping
supported encoding and later recall, particularly for users who could allocate attention to both languages without
overload (8/10). For example, C8-5 noted that "there is not really any tension between what makes you feel comfortable
and what helps to learn, because bilingual can resolve everything". Meanwhile, lower-proficiency participants (5/10)
described bilingual display as feeling like “learning mode” that was too effortful during live interaction, indicating a
tradeoff between immediate fluency and long-term acquisition. Single-language formats supported learning when the
target concept was already well-grounded in that language (L1 for familiar concepts) or when participants wanted
English-only exposure for first-time learning and future use in English contexts.

Finally, scenario appropriateness shaped motivation to use the tool. Medical and other high-stakes contexts
elicited the strongest desire (8/10) for clarification due to unfamiliar terminology, perceived power imbalance, and fear
of misunderstanding. Participants (4/10) also suggested that cultural grounding of terms matters: some concepts were
seen as more interpretable in English due to U.S.-specific framing, while other technical translations were perceived as
harder to understand literally across languages. Together, these reports indicate that format choice should adapt not

only to processing phase and user characteristics but also to domain stakes and term origin.

5 Discussion

Overall, the strong comprehension-context L1 advantage versus moderate production-context L2 advantage suggests
that comprehension-phase optimization is more robust across individuals, while production-phase optimization is more
individual-specific, contingent on educational history and lexical storage patterns.

In comprehension, L1 format leverages rapid character-based processing via phono-morphological transparency,
partial meaning inference enabling contextual-based comprehension, and direct conceptual priming with lower retrieval
effort. This operationalizes prediction theory: L1 triggers existing conceptual representations more directly than L2
translation without explicit decoding effort, thereby reducing cue-integration latency. Whereas in production, the
switch to L2 showed user’s spontaneous reduction of extraneous cognitive load incurred by the mismatch between
lexical forms and mental representation. This finding explains phases-specific preference where users optimize the
trade-off between latency and language consistency.

Knowledge representation location (i.e., language of domain education) emerged as the second primary predictor of
format preference and more stable than proficiency level, which operationalizes LDM principles in AI-MC context.
L1-educated participants maintained consistent L1 preference regardless of proficiency level and living experience in
L2 environment, showing a deeper level of specificity in knowledge encoding. However, L2-dominants showed greater
format flexibility during comprehension and preferentially switched to L2 during production. This lexical-organization
principle suggests that production-phase optimization require alignment between context and knowledge representation
within domain and languages, a novel specificity in time-sensitive AI-MC contexts.

The interaction between processing context and knowledge representation reveals a novel theoretical finding.
General L1-preference in comprehension remains robust because morphological transparency and direct priming
operate independently of the original encoding language. The heterogeneity in production-phase preferences reflects

educational-history contingency: users with L1-encoded knowledge maintained L1 for production, where lexical-storage
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6 Anon.

accessibility outweighed output-language-alignment benefits, while users with L2-encoded knowledge switched to
English for production, where output-language-alignment outweighed translation-effort costs.

When explicit learning was a goal alongside conversation, higher-proficiency users leveraged bilingual format to
establish dual memory traces, consistent with Paivio’s dual-coding theory [19]. This suggests a three-way interaction:
processing context x knowledge representation x learning objectives. When time pressure is relieved or when cognitive
load is manageable, bilingual format enabled dual-encoding benefits precisely because existing knowledge representation

is robust enough to support selective attention to both languages without extensive mental effort.

5.1 Design Implications: Context-Adaptive Bilingual Clarification Systems

First, our findings support implementing L1 as default for comprehension and low-stress conversation with universal
benefit. Proficiency assessment and education history documentation can adapt the metrics from defaults for high-
proficiency users or those with English-based education to reduce extraneous load of mental translation.

A dual-level clarification support can reduce reported anxiety of misunderstanding and provide desired confidence
confirmation: (1) lightweight confirmation mode for partially-familiar terms , and (2) full explanation mode for unfamiliar
terms. smart highlighting: low-frequency domain-specific terms should receive automatic clarification, whereas
high-frequency domain-general terms can require user action to reduce information overload.

The observed L2 disruption of L2 format highlights the need of time-pressure detection via interaction latency.
In high-pressure contexts, the system can modulate the availability and frequency of clarifications accordingly to
real-time feedback. In low-pressure contexts, it can provide more details or switch to bilingual mode for dual

encoding benefit when learning goals are present alongside comprehension demands.

6 Conclusion, Limitations and Future Directions

This study shows that processing context and knowledge representation independently modulate optimal clarification
format in bilingual AI-MC. Comprehension-phase L1-preference is robust and universal, reflecting efficiency advantages
in L1 morphological access and automatic priming. Production-phase preferences are individual-contingent, reflecting
whether domain-specific terminology was encoded in L1 or L2 education.

This study could incorporate quantitative insights to validate participants’ self-estimated claims and the magnitude
of the effect observed. Upcoming analyses of speech output, reading time, and eye gaze would substantiate our findings
with empirical precisions. Moreover, knowledge representation and processing context were both operationalized
dichotomously. More fine-grained representation mapping would provide continuous measures for quantifiable results.
Lastly, current sample limits generalization beyond bilingual undergraduates at US universities. Future studies should
test diverse age groups, professions, and language pairs to assess generalizability.

These findings bridge established psycholinguistic principles, where instead of conventional proficiency-centered
personalization, profiling mechanisms that track knowledge representation structures improve design robustness for
high-precision personalization. The study contributes empirically-grounded design principles for developing inclusive,

context-adaptive mediation in the moment of AI-MC without compromising fluency, autonomy, or engagement.
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