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Abstract: Grounded in the Interaction Hypothesis, this study investigates the mechanisms underlying digital human-driven
collaborative English speaking learning. Addressing the persistent problem of interaction fossilization in computer-
supported collaborative learning, the study argues that learners’ low willingness to communicate and insufficient
collaborative scaffolding often prevent peer interaction from developing into meaningful negotiation of meaning. Against
this backdrop, digital human companions—characterized by multimodal interaction and enhanced social presence—are
examined as potential mediators of interactional conditions conducive to second language acquisition. Drawing on
interactionist theory, the study proposes a three-dimensional closed-loop interaction mechanism consisting of Pre-
adaptation, Process Synergy, and Feedback Iteration. The pre-adaptation dimension calibrates learner profiles, task design,
and affective readiness to establish optimal conditions for interaction. The process synergy dimension focuses on sustaining
negotiation of meaning through scaffolded interaction, clarification requests, and prompts that encourage pushed output.
The feedback iteration dimension embeds non-intrusive, data-driven corrective feedback and affective regulation into
ongoing interaction, enabling continuous adjustment of task difficulty and interaction strategies. Theoretically, the
proposed mechanism extends interactionist explanations of language learning to multimodal, human—AI collaborative
environments. Practically, it offers a structured and implementable framework for designing intelligent speaking tasks that
enhance interaction depth, feedback quality, and learner engagement. The study concludes that digital human companions
can function as interactional facilitators rather than mere tools, supporting the transition from superficial participation to
sustained, meaning-focused collaborative speaking.
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1 Introduction

In an era of increasingly complex global communication,
English speaking instruction is undergoing a paradigm shift
from "knowledge internalization" to "competence con-
struction." Although Computer-Supported Collaborative
Learning (CSCL) is widely recognized as an effective path
to enhancing communicative competence, practical peda-
gogical settings often suffer from "interaction fossiliza-
tion." This predicament, frequently triggered by learners'
low Willingness to Communicate (WTC) [10] and a lack of
collaborative scaffolding, prevents peer interactions from
sparking deep negotiation of meaning.

With the evolution of Generative Al, "Digital Human
Companions"—characterized by multimodal interaction
and a high degree of social presence—offer a promising
solution to break this deadlock [1, 3]. Rather than being
mere static auxiliary tools, digital humans could serve as
social agents and collaborative subjects. By simulating so-
phisticated social contexts, they provide a critical techno-
logical intervention point to alleviate speaking anxiety and
reshape the interactive ecosystem.

However, while digital human technology has matured
in terms of high-fidelity simulation, the internal mecha-
nisms by which it drives language acquisition remain un-
clear. According to the Interaction Hypothesis, the core of
language acquisition lies in obtaining comprehensible in-
put through the negotiation of meaning, which in turn trig-
gers learner output and corrective feedback [7, 11]. Current
research, however, predominantly focuses on the technical
implementation of digital humans or simple one-way dia-
logues. It often overlooks how digital humans, acting as
"companions" within the collaborative process, can opti-
mize interaction quality by intervening in the collaborative
flow and providing corrective feedback. Consequently,
how to precisely induce "negotiative behaviors" within dig-
ital human-driven collaborative settings and reveal the un-
derlying support mechanisms for oral acquisition has be-
come a cutting-edge challenge at the intersection of Educa-
tional Technology and Second Language Acquisition
(SLA).

This study aims to systematically deconstruct the influ-
ence mechanisms of digital human-driven collaborative
English speaking learning from the perspective of the In-
teraction Hypothesis. By constructing a specialized collab-
orative learning model, this research will explore the func-
tional logic of digital human companions across dimen-
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sions such as enhancing interaction depth, optimizing feed-
back pathways, and increasing collaborative engagement.
Theoretically, this study seeks to expand the connotations
of human-Al collaborative learning and unveil language
acquisition pathways under multimodal interaction. Practi-
cally, it aims to provide empirical evidence for designing
intelligent speaking environments with high interactivity
and emotional support, ultimately facilitating a substantive
leap in English speaking instruction from "tool-driven em-
powerment" to "deep integration."

2 Literature Review

Digital human-driven collaborative English speaking
learning refers to speaking-oriented activities in which
learners interact with a human-like digital agent (e.g., an
embodied conversational agent or virtual avatar) [1] while
also collaborating with peers to complete communicative
tasks. This topic can be grounded in long-established sec-
ond language acquisition (SLA) research on interaction,
because digital environments primarily matter insofar as
they shape the quantity and quality of learner interaction.
An Interaction Hypothesis perspective is therefore a con-
servative and well-supported way to explain potential
learning mechanisms, focusing on how interaction can fa-
cilitate comprehensible input, negotiation of meaning,
feedback, and opportunities for modified output [6, 8].

The Interaction Hypothesis proposes that language de-
velopment is promoted when learners engage in interaction
that helps them understand messages and resolve commu-
nication difficulties, often through conversational adjust-
ments and repair sequences [8]. In task-based settings,
communication problems can elicit clarification requests,
confirmation checks, and comprehension checks, which
are commonly labeled negotiation of meaning [4]. These
interactional moves are relevant to speaking development
because they link meaning-focused communication with
moments of attention to form. A digital human-driven en-
vironment can be discussed within this established frame-
work without assuming that the technology itself causes
learning; rather, the central claim is that the digital human
may help sustain interactional conditions known to be fa-
cilitative in SLA.

One interactional pathway concerns the improvement of
input conditions during speaking tasks. Interaction research
emphasizes that input becomes more useful when it is made
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comprehensible and when it is modified in response to
learners’ needs during communication, rather than being
simplified only in advance [6-8]. In a digital human setting,
the agent can be designed to restate, paraphrase, slow down,
or provide examples when learners signal misunderstand-
ing. Such adjustments align with the interactionist notion
of modified input and can occur in the context of meaning-
ful dialogue. When learners collaborate in pairs or small
groups, peers may jointly interpret the agent’s prompts and
negotiate how to respond, which can increase exposure to
relevant language and create repeated encounters with key
expressions within a task cycle.

A second pathway is negotiation of meaning and its re-
lationship to noticing. The Noticing Hypothesis argues that
learners must notice linguistic features in input for learning
to occur [5, 12]. During negotiation episodes, learners’ at-
tention may be drawn to gaps in comprehension or produc-
tion, making relevant forms more salient. Classic task-
based studies have shown that communicative tasks can
generate negotiation routines that support understanding
and may promote attention to language form—meaning
mappings. In digital human-driven interaction, the agent
can prompt clarification or request more specific infor-
mation when responses are ambiguous, potentially creating
opportunities for noticing. Importantly, collaboration can
make these noticing opportunities shared: learners discuss
wording choices, attempt reformulations, and co-construct
messages that the agent can understand, which keeps the
activity meaning-focused while allowing brief shifts to-
ward form.

Feedback and learner response constitute another well-
established interactional mechanism. SLA research distin-
guishes various types of corrective feedback (e.g., recasts,
prompts, explicit correction) and examines learner uptake,
namely immediate responses that incorporate or react to
feedback. Although findings vary across contexts and tar-
gets, a broad conclusion is that feedback can support devel-
opment when it draws attention to form and when learners
have opportunities to respond and self-repair [9]. In digital
human contexts, feedback can be delivered in a consistent,
trackable manner, such as through reformulations or clari-
fication prompts embedded in dialogue. From a conserva-
tive standpoint, the relevant claim is not that digital feed-
back is inherently superior, but that it may increase the reg-
ularity of feedback episodes and the likelihood that learners
encounter feedback tied to their own communicative at-
tempts.

Speaking development also depends on opportunities for

output. The Output Hypothesis argues that producing lan-
guage can push learners to test hypotheses about form, no-
tice gaps in their linguistic repertoire, and develop greater
control over expression [14, 15]. In collaborative speaking,
learners may engage in “languaging” or collaborative dia-
logue where they discuss and refine language while solving
communicative problems, which can function as learning
activity rather than mere practice [15]. A digital human can
support this output-oriented process by maintaining task
progression, prompting elaboration (e.g., asking for rea-
sons or examples), and encouraging extended turns. These
design elements fit naturally within task-based language
teaching research, which emphasizes that task conditions
shape interaction and performance, including fluency, ac-
curacy, and complexity [2, 13].

Finally, affective conditions are relevant insofar as they
influence participation in interaction. Speaking anxiety and
fear of negative evaluation can reduce learners’ willingness
to communicate, limiting opportunities for interactional
learning processes to occur. A digital human may be per-
ceived as less judgmental, which may lower barriers to par-
ticipation and increase speaking time. From an interaction-
ist viewpoint, such affective benefits matter mainly be-
cause they can increase engagement in interaction—
thereby increasing exposure to modified input, negotiation,
feedback, and pushed output—rather than serving as a
standalone mechanism.

3 Interaction Mechanism for Digital
Human-Driven English Speaking
Learning

This study constructs a three-dimensional closed-loop
interaction mechanism consisting of "Pre-adaptation, Pro-
cess Synergy, and Feedback Iteration." This mechanism
deeply integrates the theoretical core of the Interaction Hy-
pothesis with the multimodal interactive features of digital
humans. By precisely addressing pragmatic negotiation
pathways within a technological environment, it estab-
lishes a tripartite dynamic balance system encompassing
"learner profile, task design, and interactive process,"
aimed at resolving the long-standing dilemmas of superfi-
cial interaction and low willingness to communicate in tra-
ditional oral collaboration.

As the logical starting point of the mechanism, the Pre-
adaptation dimension focuses on the deep coupling of "data
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profiling" and "situational modeling" to establish an opti-
mal threshold for meaningful interaction. This dimension
first leverages multimodal sensing technology to conduct a
baseline assessment of the learner’s pragmatic competence.
This assessment extends beyond objective linguistic indi-
cators such as vocabulary and grammar to include psycho-
logical thresholds regarding interaction frequency, turn-
taking duration, and anxiety perception. Subsequently,
based on the requirement for creating a "negotiation space"
within the Interaction Hypothesis, the mechanism trans-

forms static pedagogical goals into negotiatory tasks char-
acterized by "communicative conflict." By pre-embedding
"information gaps" and "cognitive contradictions" within
the task pathway, it effectively induces proactive inquiry
behaviors from the learner. Finally, through anthropo-
morphic introductory guidance, the digital human compan-
ion establishes its social identity as a "co-problem solver"
rather than a "corrective examiner," thereby forging an
egalitarian collaborative contract across both cognitive and
psychological dimensions.

Table 1 Elemental Configuration and Functional Logic of the Pre-adaptation Dimension

Core Module Interaction Hypothesis Mapping

Deepening Logic & Expected Objectives

Individual differences & input
thresholds

Multidimensional
Learner Diagnosis

Negotiatory Task De-  Information gaps inducing negotia-
construction tion

Consensus on Role
Identity

Affective filter regulation mecha-
nism

To precisely establish the baseline of the learner's "Zone of Proximal De-
velopment", preventing cognitive overload or motivational loss caused by
task mismatch.

To design negotiatory tasks featuring "decisional conflict" and "perspec-
tive complementarity," ensuring the interaction possesses the inherent
momentum for meaning negotiation.

To establish a "Learning Community" through digital human strategies
such as self-deprecation and empathy, thereby minimizing defensive psy-
chological barriers during oral production.

As the central hub of the mechanism, the Process Synergy
dimension focuses on transforming the interactive af-
fordances of digital humans into scaffolding forces that drive
learners to generate "pushed output.” During the interaction
initiation phase, the mechanism employs a "Situational
Pulse™ trigger mode, wherein the digital human initiates heu-
ristic questions or challenges viewpoints in real-time based
on collaborative progress to activate the learner's Willing-
ness to Communicate (WTC). Upon entering the deep nego-
tiation phase, the digital human companion utilizes Natural

Language Processing (NLP) to diagnose pragmatic devia-
tions. Rather than providing immediate standard answers,
the mechanism employs strategies such as Clarification Re-
quests and Confirmation Checks, compelling learners to re-
process linguistic forms through the "negotiation of mean-
ing." This dynamic synergistic pathway not only achieves
the leap from "comprehensible input"” to "pushed output" but
also ensures the continuity and cognitive depth of the collab-
orative interaction through the digital human’s augmentation
of viewpoints and logical extensions.

Table 2 Multi-Level Process Synergy Mechanism for Digital Human-Mediated Negotiation and Output Generation

Digital Human Intervention Strat-

Negotiation Level .
egy ior

Expected Learner Behav-

Interaction Outcome Goal

Trigger Level

Clarification Request / Confirmation
Check

Logical Extension / Argument Aug-
mentation

Negotiation Level

Deepening Level

Situational Pulse / Heuristic Prompt- Noticing / Initiation of Ut-
ing terance

Meaning Reconstruction /
Linguistic Repair

Deep Argumentation / Co-
construction

To awaken the Willingness to Communicate
(WTC) and break interactive silence.

To induce "pushed output" and enhance the
accuracy of linguistic expression.

To expand interactive capacity and strengthen
the depth of collaborative cognition.

The Feedback Iteration dimension serves as the critical
support for the closed-loop mechanism, ensuring the long-
term vitality of the interaction through the construction of
a "whole-process data monitoring" and "non-intrusive cor-
rective” system. This dimension breaks away from the sin-
gular summative assessment typical of traditional instruc-
tion by embedding feedback within every turn-taking ex-
change. Precision pragmatic feedback focuses on guiding
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learner self-correction through Recasts (implicit restructur-
ing) while safeguarding the learner's sense of achievement.
Simultaneously, the mechanism leverages affective compu-
ting to dynamically regulate the interaction rhythm; upon
detecting frustration or peak anxiety, the digital human im-
mediately switches to motivational strategies or provides
more granular scaffolding. Ultimately, all interaction data
is fed back into the learner profile in real-time, driving a
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spiral optimization of task difficulty and interaction strate-
gies for subsequent rounds, thereby achieving continuous

iteration of the human-AlI collaborative ecosystem.

Table 3 Multidimensional Matrix and Dynamic Iteration Logic of the Feedback Dimension

Feedback Dimen- Core Monitoring Indi- Feedback Intervention

sion cators Behavior

Mechanism Iteration & Evolution Logic

Pragmatic Cogni-
tive Feedback

Lexical accuracy, turn
duration, logical density tion

Frequency of negotia-

Interactive Meta- . "7 0.
tion 1nitiation, strategy

cognition strategy empowerment
g success rate gy emp
. . Emotional fluctuation Empathic encouragement
Affective Motiva- curves socialll ;]esence inteI;action fre llllefc ad ’
tional Feedback ’ p ! y

scores justment

Recasts, prompted elicita-

Interaction reports, social

Transforms feedback into "comprehensible input" for subse-
quent tasks, driving progressive improvement in linguistic ac-
curacy.

Strengthens the learner’s awareness of their own interaction
process, facilitating a shift from "passive negotiation" to
"proactive communication."

Establishes an emotional buffer zone and dynamically adjusts
task load to ensure learners remain within a low-anxiety, ac-
tive acquisition zone.

The entire mechanism adheres to a spiral logic of "Ad-
aptation—Synergy—Iteration." Through the precise em-
powerment of the pre-adaptation dimension, the deep inter-
action of the process dimension, and the dynamic optimi-
zation of the feedback dimension, it achieves a substantive
integration of the core tenets of the Interaction Hypothesis
with the multimodal characteristics of digital humans. The-
oretically, this mechanism expands the pragmatic explana-
tory space for human-Al collaborative learning; practically,
it provides a quantifiable and intervenable paradigm for
oral English instruction. By establishing a tripartite balance
system encompassing "learner profile, task design, and in-
teractive process," the digital human companion effectively
compensates for the instability of peer support in tradi-
tional collaboration. Ultimately, this provides a robust
mechanistic guarantee for high-quality English speaking
acquisition within a digitalized context.

4 Conclusion

This study, grounded in the Interaction Hypothesis, sys-
tematically investigates the influence mechanisms of digi-
tal human-driven collaborative English speaking learning.
The primary findings are as follows. First, by establishing
a lifelike social presence, digital human companions effec-
tively break the "interaction fossilization" common in tra-
ditional oral collaboration. The research indicates that dig-
ital humans act not only as information transmitters but
also as regulators of the collaborative atmosphere. Their
role as "companions" significantly lowers learners' affec-
tive filters, providing the psychological safety necessary
for the negotiation of meaning. Second, the "Pre-adapta-
tion—Process Synergy—Feedback Iteration" mechanism
developed in this study successfully creates a logical loop

from comprehensible input to pushed output. Through pre-
cise clarification requests and pragmatic restructuring, the
digital human compels learners to reprocess linguistic
forms, a deep cognitive engagement that directly promotes
the internalization of speaking skills. Finally, this collabo-
rative model shows a clear advantage in enhancing learn-
ers' Willingness to Communicate (WTC). Its non-intrusive
feedback alleviates speaking anxiety and enables personal-
ized learning empowered by technology.

Based on these conclusions, this study offers several im-
plications for English speaking instruction in the era of dig-
ital transformation. At the pedagogical design level, the fo-
cus should shift from "results-oriented output™ to the “pro-
cess of interactive negotiation.” Teachers should utilize dig-
ital humans to design collaborative tasks with "information
gaps" to encourage higher-order language use. At the hu-
man-Al synergy level, the roles of digital humans and hu-
man teachers should be clearly defined: digital humans can
provide high-frequency, routine scaffolding, while teachers
focus on deep guidance and emotional support in complex
social contexts. Furthermore, educational administrators
should prioritize the personalized adaptation of digital hu-
man companions. By dynamically updating learner profiles,
differentiated support can be provided to learners at various
levels, making oral instruction both inclusive and precise.

Despite the progress in theoretical and mechanistic de-
sign, this study has limitations. On one hand, due to the
limited duration of the empirical study, long-term tracking
of language acquisition is still insufficient. Future research
could conduct large-sample, longitudinal studies to explore
the sustained impact of digital humans on linguistic growth.
On the other hand, the accuracy of affective computing in
digital humans can be further improved. Intervention strat-
egies for the subtle emotional shifts learners experience
during complex collaborations need to be more refined.
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