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Abstract

Research on Artificial Intelligence in Education (AIED) has predominantly conceptualized Al
as a tool for automation, personalization, or instructional efficiency, often privileging individual
learning outcomes over social and relational processes. This instrumental orientation has resulted
in a theoretical misalignment between contemporary Al systems, particularly generative and
interactive models, and established pedagogical understandings of collaborative learning as a
socially mediated, co-regulated process. As a consequence, the role of Al in shaping interaction,
epistemic agency, and shared regulation in collaborative learning remains under-theorized. This
paper advances a conceptual framework that reconceptualizes Al as a pedagogical mediator in
collaborative learning environments. Drawing on socio-cultural theory, distributed cognition,
connectivist perspectives, and recent research in Al-supported collaborative learning, the
framework positions Al as an active participant in the orchestration of interaction, epistemic
sense-making, and regulatory processes, without displacing learner or teacher agency. Rather
than treating Al as a tutor, peer, or automated orchestrator, the framework foregrounds
mediation as a pedagogical function through which agency, authority, and responsibility are
dynamically redistributed across human and non-human actors. The paper makes three
contributions. First, it offers a theoretically grounded reconceptualization of AI’s role in
collaborative learning that moves beyond tool-centric and individualistic paradigms. Second, it
articulates key mediating functions of Al, interactional, epistemic, and regulatory, and examines
their implications for collaborative learning design. Third, it critically addresses ethical,
professional, and governance challenges associated with Al-mediated collaboration, with
particular attention to equity, transparency, and teacher professional judgment.

Keywords: Artificial Intelligence in Education (AIED), Collaborative Learning, Pedagogical
Mediation, Socio-cultural Theory, Distributed Cognition, Epistemic Agency

La ricerca sull'Intelligenza Artificiale nel’Educazione (AIED) ha prevalentemente
concettualizzato 'TA come uno strumento di automazione, personalizzazione o efficienza
didattica, privilegiando spesso gli esiti individuali di apprendimento rispetto ai processi sociali e
relazionali. Questo orientamento strumentale ha generato un disallineamento teorico tra i sistemi
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di TA contemporanei, in particolare i modelli generativi e interattivi, e le consolidate concezioni
pedagogiche dell’apprendimento collaborativo come processo socialmente mediato e co-
regolato. Di conseguenza, il ruolo dell’IA nel modellare 'interazione, 'agenzialita epistemica e la
regolazione condivisa nell’apprendimento collaborativo rimane ancora insufficientemente
teorizzato. 1l presente contributo propone un quadro concettuale che riconcettualizza I’TA come
mediatore pedagogico negli ambienti di apprendimento collaborativo. Basandosi sulla teoria
socio-culturale, sulla cognizione distribuita, sulle prospettive connettiviste e su recenti studi
sull’apprendimento collaborativo supportato dall’TA, il framework proposto considera I'TA come
partecipante attivo nell’orchestrazione dell’interazione, nella costruzione di senso epistemico e
nei processi di regolazione, senza sostituire ’agenzialita di studenti e docenti. Piuttosto che
trattare 'IA come tutor, pati o orchestratore automatizzato, il quadro teorico mette in primo
piano la mediazione come funzione pedagogica attraverso la quale agenzia, autorita e
responsabilita vengono dinamicamente ridistribuite tra attori umani e non umani. Il contributo
offre tre apporti principali. In primo luogo, propone una riconcettualizzazione teoricamente
fondata del ruolo dell’TA nell’apprendimento collaborativo che supera paradigmi centrati sullo
strumento e sullindividualismo. In secondo luogo, articola le principali funzioni mediative
dell'TA — Interazionale, epistemica e regolativa — esaminandone le implicazioni per la
progettazione dell’apprendimento collaborativo. In terzo luogo, affronta criticamente le sfide
etiche, professionali e di governance associate alla collaborazione mediata dall’IA, con particolare
attenzione all’equita, alla trasparenza e al giudizio professionale docente.

Parole chiave: Intelligenza Artificiale nel’Educazione (AIED), Apprendimento Collaborativo,
Mediazione Pedagogica, Teoria Socio-culturale, Cognizione Distribuita, Agenzialita Epistemica

1. Introduction

The rapid integration of Artificial Intelligence (AI) into educational contexts is reshaping how
learning activities are designed, enacted, and governed. Within the field of Artificial Intelligence
in Education (AIED), Al has predominantly been conceptualized as a tool for automation,
personalization, and instructional efficiency, with research and development efforts largely
focused on optimizing individual learning trajectories and measurable performance outcomes
(Luckin et al., 2016; Holmes, Bialik, & Fadel, 2019; Mustafa et al., 2024). While these approaches
have generated important technological and pedagogical advances, they rest on assumptions
about learning that privilege individual cognition and algorithmic optimization over social
interaction, shared regulation, and collective meaning-making,.

This instrumental and individualistic orientation has significant implications for collaborative
learning. Collaborative learning, grounded in socio-cultural, constructivist, and situated learning
traditions, is not merely a context in which individuals learn alongside others, but a pedagogical
process in which knowledge is co-constructed through interaction, dialogue, and participation
in shared activity (Vygotsky, 1978; Lave & Wenger, 1991; Dillenbourg, 1999). From this
perspective, learning is inherently mediated, shaped by social relations, cultural tools, and
institutional contexts. However, despite the centrality of mediation to collaborative learning
theory, dominant approaches to Al in education, and particularly in collaborative settings,
continue to frame technology as a neutral or passive instrument, primarily a means for
automation, facilitation, or efficiency.

This instrumental framing persists even as emerging research increasingly foregrounds the
sociotechnical agency of contemporary Al systems. Generative and interactive Al models,
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including large language models and conversational agents, do not merely support learning
processes from the background; they participate directly in educational discourse by generating
explanations, suggesting ideas, and shaping patterns of interaction (Yan, 2025). In collaborative
learning contexts, such systems influence who speaks, what is attended to, and how knowledge
claims are articulated and evaluated. Empirical and conceptual research suggests that agentic Al
in hybrid human—Al learning environments, whether positioned as proactive assistants or
embedded collaborators, can reorganize participation patterns, discourse quality, and social
dynamics, thereby reshaping the very processes through which knowledge is co-constructed
(Holstein et al., 2019; Yan et al., 2025; Verbeek, 2011). Treating Al as a neutral tool thus obscures
its active participation in regulating cognitive, social, and argumentative processes within
collaborative environments.

Parallel developments in data-driven education further underscore this conceptual gap. Learning
analytics and Al-supported orchestration approaches have advanced powerful methods for
monitoring and supporting collaborative activity at scale. However, these approaches often
translate complex social and epistemic processes into indicators, dashboards, and alerts that
prioritize visibility, prediction, and efficiency over pedagogical meaning (Williamson & Piattoeva,
2019; Guitert Catasus et al., 2025). As a result, collaboration risks being reframed as a problem
of coordination and management rather than as a pedagogical process grounded in mediation,
dialogue, and collective inquiry. Such technocentric tendencies reflect broader shifts in Al-
enhanced pedagogy that privilege algorithmic functionality over human agency and pedagogical
judgment.

This paper argues that the limited pedagogical impact of Al on collaborative learning is not
primarily due to technological constraints, but to an under-specification of AI’s pedagogical role.
While collaborative learning is well theorized within the learning sciences, Al has yet to be
systematically reconceptualized in ways that align with these theoretical foundations. Addressing
this gap requires moving beyond instrumental framings of Al toward a perspective that
foregrounds mediation, participation, and the redistribution of agency across sociotechnical
learning systems.

In response, this paper advances a conceptual framework that positions Al as a pedagogical mediator
in collaborative learning environments. From this perspective, Al is not merely a tool deployed
by educators or learners, but an active participant in the orchestration and regulation of learning
processes. Drawing on socio-cultural theory, distributed cognition, and networked learning
perspectives, the framework conceptualizes Al as participating in the mediation of interaction,
epistemic sense-making, and regulatory processes. Rather than replacing learners or teachers, Al
mediation reshapes the conditions under which collaborative learning unfolds, influencing how
agency, epistemic authority, and responsibility are negotiated among human and non-human
actors.

Importantly, this reconceptualization carries significant ethical and governance implications.
When Al functions as a mediating agent within learning processes, issues of equity, transparency,
accountability, and professional responsibility become central pedagogical concerns rather than
peripheral technical considerations. Decisions regarding the design, deployment, and governance
of Al systems are therefore deeply political, with consequences for inclusion, power relations,
and educational justice, as well as for the evolving role of educators as designers, facilitators, and
ethical stewards of collaborative learning.

Accordingly, the scope of this paper is three-fold. First, it offers a theoretically grounded
reconceptualization of AT’s role in collaborative learning that challenges dominant tool-centric
and individualistic paradigms. Second, it articulates a coherent framework of AI mediation,
distinguishing interactional, epistemic, and regulatory dimensions, and examines their
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implications for collaborative learning design. Third, it critically examines the ethical,
professional, and governance challenges associated with Al-mediated collaboration, with
particular attention to equity, transparency, and teacher professional judgment. By reframing Al
as a pedagogical mediator, this paper seeks to realign Al innovation with the pedagogical values
central to collaborative learning and to provide a principled foundation for future conceptual
and empirical research at the intersection of Al, education, and collaborative learning.

2. Collaborative  Learning: Pedagogical and Theoretical
Foundations

Collaborative learning is grounded in socio-cultural and constructivist theories that
conceptualize knowledge as socially constructed through interaction, dialogue, and engagement
with cultural tools (Vygotsky, 1978). From this perspective, learning is inherently mediated,
emerging through participation in socially organized activity rather than through individual
cognition alone. Mediation refers not merely to the presence of tools, but to the ways in which
cultural artifacts, language, and social relations shape how learners perceive problems, coordinate
action, and construct meaning. Within cultural—historical activity theory, mediation foregrounds
how tools reorganize action and participation rather than merely supporting pre-existing
cognitive processes (Cole & Engestrom, 1993; Wertsch, 1998). This perspective provides a
critical foundation for conceptualizing Al not as an external aid, but as a mediational means that
reshapes collaborative learning activity itself. Learning, therefore, unfolds through mediational
meeans that actively configure cognitive and social processes.

Central to this tradition is the concept of scaffolding, whereby learners are supported in
accomplishing tasks beyond their independent capacities through guided participation, dialogue,
and shared problem-solving (Wood, Bruner, & Ross, 1976). Importantly, scaffolding is not an
external add-on but a mediated process embedded in interaction. From a socio-cultural
perspective, mediation, rather than transmission or information delivery, constitutes the primary
pedagogical mechanism through which collaborative learning unfolds.

Theories of situated learning and communities of practice further emphasize participation,
practice, and identity formation as core dimensions of learning (Lave & Wenger, 1991). In
collaborative settings, learning is not limited to the exchange of information but involves
learners’ increasing patticipation in shared practices and the negotiation of meaning within a
community. Systematic reviews and empirical syntheses consistently show that collaborative
learning supports higher-order thinking, conceptual understanding, and metacognitive
development, particularly when joint activity is structured to promote dialogue, reflection, and
shared responsibility (Dillenbourg, 1999; Guitert Catasus et al., 2025). These findings underscore
that the effectiveness of collaborative learning depends not only on task design or group
composition, but on the mediational structures that organize interaction and collective sense-
making.

As collaborative learning increasingly takes place in online, blended, and digitally mediated
environments, these pedagogical challenges become more pronounced. Asynchronous
communication, distributed participation, and platform-based interaction complicate
coordination, shared understanding, and sustained engagement. In response, research on
collaborative learning has foregrounded the concept of orchestration, i.e. the deliberate
organization, regulation, and adaptation of learning activities across social, temporal, and
material dimensions (Dillenbourg, 2013; Dillenbourg & Jermann, 2010). Otrchestration
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highlights the need to align tasks, tools, roles, and interactions in ways that support productive
collaboration, particularly at scale.

Crucially, orchestration is itself a mediated activity. While traditionally associated with teacher
judgment and instructional design, orchestration increasingly involves technological systems that
monitor interaction, structure participation, and prompt regulatory actions. Learning analytics
dashboards, adaptive prompts, and Al-supported coordination tools do not merely support
orchestration from the outside; they participate in it by shaping what becomes visible, actionable,
and pedagogically salient (Williamson & Piattoeva, 2019; Degen & Asanov, 2025). This shift
raises fundamental questions about how mediation and orchestration intersect in digitally
mediated collaborative learning.

Connectivist and network-oriented perspectives extend socio-cultural accounts by explicitly
recognizing non-human actors as integral components of learning systems. From this viewpoint,
learning is understood as the formation and navigation of networks comprising both human and
technological nodes, with knowledge distributed across connections rather than located solely
within individuals (Siemens, 2005). While connectivism has been critiqued as a comprehensive
learning theory, recent conceptual work highlights its relevance for understanding Al-enhanced
collaborative learning, where algorithmic systems influence access to information, interaction
patterns, and epistemic authority (Holmes et al., 2022; Yan, 2025). From this perspective, digital
systems shape not only access to information but also interaction patterns, visibility of
contributions, and epistemic authority within collaborative networks.

Complementing these perspectives, theoties of distributed cognition conceptualize cognitive
processes as extending beyond individual mind to include social actors, artifacts, and
environmental structures (Hutchins, 1995; Salomon, 1993). In collaborative learning, cognition
is enacted through coordinated activity and mediated by tools which shape attention, reasoning,
and problem-solving. Digital platforms, and increasingly Al-driven systems, thus participate in
the distribution and regulation of cognitive and epistemic work, influencing how knowledge is
constructed, evaluated, and shared within groups (Guitert Catasus et al., 2025; Yan et al., 2025).

More recent sociomaterial and posthuman approaches further deepen this analysis by
challenging anthropocentric assumptions about learning and agency. Sociomaterial theories
conceptualize agency as emerging from entanglements of humans, technologies, and material
arrangements rather than residing exclusively in human actors (Fenwick, Edwards, & Sawchuk,
2011; Serensen, 2009). From this perspective, learning emerges through entanglements of social,
material, and technological actors rather than through discrete human intentions alone.
Posthuman perspectives similarly problematize anthropocentric assumptions, foregrounding
how non-human agents, including Al systems, participate in shaping knowledge practices,
interactional norms, and educational possibilities (Bayne, 2018; Gourlay, 2020). Agency is
enacted through practices rather than located in discrete human or technical actors (Orlikowski,

2007).

Within these frameworks, epistemic agency and epistemic authority are understood as relational
and distributed. Epistemic agency refers to learners’ capacity to contribute to, evaluate, and shape
knowledge claims within collective activity, while epistemic authority concerns how legitimacy
and credibility are negotiated among participants (Damsa & Andriessen, 2012; Dillenbourg,
2016). Recent research highlights that digital and Al-mediated environments actively participate
in configuring epistemic agency by foregrounding certain contributions, structuring discourse,
and shaping criteria for relevance and quality (Yan, 2025; Degen & Asanov, 2025). These
dynamics are particularly salient in collaborative learning, where agency and authority are
continuously negotiated through interaction.

125



@ Umanistica Digitale — ISSN: 2532—8816 — n. 24, 2026

Taken together, socio-cultural mediation, instructional orchestration, distributed cognition, and
sociomaterial perspectives converge on a critical insight: Al in collaborative learning cannot be
adequately understood as merely a more powerful instructional tool. Rather, Al constitutes a
qualitatively new mediational means that participates in the orchestration of interaction, the
distribution of epistemic agency, and the regulation of collaborative activity. This theoretical
synthesis provides the pedagogical foundation for reconceptualizing Al as a pedagogical
mediator and establishes the conceptual groundwork for the following section, which critically
reviews existing Al-in-education literature and identifies the limitations that motivate the
mediator framework advanced in this paper.

3.  From Orchestration to Mediation: Conceptual Gaps in Al-
Supported Collaborative Learning

Despite the rapid expansion of research on AIED, the integration of Al into collaborative
learning remains theoretically under-developed. While collaboration is frequently acknowledged
as pedagogically valuable, it is often treated as a contextual feature or implementation setting
rather than as a central object of theoretical inquiry. This section argues that the marginalization
of collaborative learning within AIED is not primarily a technological limitation, but a theoretical
one: dominant paradigms continue to conceptualize Al through instrumental and individualistic
lenses that are poorly aligned with socio-cultural, dialogical, and mediation-based understandings
of learning.

3.1 The Persistence of Individualistic Paradigms in AIED

Historically, AIED has been shaped by models of individualized instruction, most notably
through Intelligent Tutoring Systems (ITS) designed to approximate one-to-one human tutoring
(Woolf, 2007; VanLehn, 2011). These systems conceptualize learning as an individual process of
knowledge acquisition, diagnosis, and optimization, with Al positioned as a tutor that delivers
adaptive feedback based on learner models. Although contemporary AIED increasingly
incorporates machine learning, learning analytics, and generative Al, systematic reviews
demonstrate that the underlying pedagogical logic remains largely unchanged. Personalization,
adaptive feedback, automated assessment, and performance optimization continue to dominate
research agendas, while learning is operationalized primarily through individual-level metrics
such as accuracy, progression, and task completion (Holmes et al., 2019; Luckin, 2018; Mustafa
et al., 2024). Even when social features are introduced, they are typically framed as supports for
individual learning outcomes rather than as collective processes with their own epistemic,
interactional, and regulatory dynamics. As a result, collaborative learning is rendered
pedagogically secondary within AIED, despite extensive evidence from the learning sciences
demonstrating its centrality to higher-order thinking, conceptual change, and metacognitive
development (Dillenbourg, 1999). This individualistic orientation constrains how AI’s role in
collaboration is conceptualized, limiting theoretical attention to automation and optimization
rather than mediation and participation.

3.2 Orchestration Without Mediation: The Technocratic Turn

Within computer-supported collaborative learning (CSCL), the complexity of orchestrating
group activity has long been recognized. Orchestration encompasses the coordination of tasks,
tools, roles, timing, and social configurations to support productive collaboration, particularly in
complex and large-scale learning environments. As collaborative learning increasingly takes place
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online and at scale, Al-driven approaches have been proposed as solutions to orchestration
challenges, including group formation, participation monitoring, and automated feedback. While
these approaches offer practical benefits, they often conflate orchestration with pedagogy.
Learning analytics research exemplifies this tendency by translating rich interactional processes
into dashboards, indicators, and alerts intended to support real-time decision-making
(Williamson & Piattoeva, 2019; Guitert Catasis et al., 2025). Such representations privilege
visibility, efficiency, and manageability, frequently abstracting away the dialogical, relational, and
epistemic dimensions of collaboration. Consequently, analytics-informed orchestration risks
becoming a form of technocratic regulation that supports monitoring and managerial oversight
rather than pedagogical mediation. By framing AI as a neutral facilitator or automated
coordinator, orchestration-focused approaches often overlook how Al interventions actively
shape interactional norms, redistribute epistemic authority, and influence learner agency. What
is orchestrated, and how it is made visible, becomes pedagogically consequential, yet remains
insufficiently theorized.

3.3 From Al Support to Al Participation

The emergence of large language models and conversational Al has made the limitations of tool-
based conceptualizations increasingly visible. Unlike earlier Al systems, generative Al
participates directly in educational discourse by producing explanations, proposing ideas,
summarizing discussions, and modeling reasoning practices. Recent studies indicate that such
systems can support ideation, elaboration, and reflection, but also raise concerns related to
epistemic dependency, opacity, uneven participation, and the reconfiguration of authority (Yan
et al.,, 2023; Yan, Liu, & Chau, 2025). In collaborative learning contexts, these dynamics ate
amplified. When Al contributes to group discourse, by suggesting arguments, prompting
reflection, or synthesizing contributions, it functions not merely as a support mechanism, but as
an epistemic participant. Research on Al-mediated discourse and human—Al collaboration
demonstrates that Al-generated contributions can influence turn-taking, topic development, and
evaluative judgments, thereby reshaping how meaning is negotiated within groups (Holstein et
al., 2019; Alfiras, Emran, & Mohamed, 2025). Emerging empirical work reinforces this
participatory turn. Lee et al. (2025) prototyped a system in which Al speakers joined small Jigsaw
learning groups as peer participants, demonstrating that human—AlI collaboration can restructure
epistemic practices and alter how knowledge is co-constructed in authentic classroom settings.
Similatly, Oppenheimer et al. (2025) conducted a semester-long classroom study in which college
students collaborated with LLMs as argumentative writing partners, finding that students
engaged deeply with Al-generated critiques, improved their argumentation skills, and developed
increased self-efficacy in human—AlT interaction. These studies provide empirical grounding for
the claim that LLMs and conversational Al can operate as genuine epistemic participants in
collaborative learning, not merely as background tools, and that this participatory role has
measurable consequences for learner development. However, dominant AIED frameworks
continue to position Al as a tool, tutor, or assistant, offering limited conceptual resources for
analyzing Al’s participatory role in collaborative meaning-making. As a result, the relational and
mediational effects of Al on interaction, epistemic agency, and shared regulation remain
theoretically under-specified.

3.4 Networked Support, Distributed Cognition, and Their Limits

Connectivist and networked learning perspectives provide partial insights by conceptualizing
learning as distributed across networks of human and non-human nodes (Siemens, 2005). From
this perspective, Al systems shape access to information, visibility of contributions, and
navigation of knowledge spaces. Learning analytics dashboards, recommender systems, and
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conversational agents function as active nodes that influence collective attention and epistemic
trajectories. Similarly, theories of distributed cognition emphasize that cognitive processes
extend beyond individual minds to include artifacts, social arrangements, and environmental
structures (Hutchins, 1995). These perspectives help explain how tools participate in cognitive
and epistemic work, yet they often stop short of addressing how pedagogical responsibility,
authority, and ethical accountability should be understood when artificial agents actively shape
collaborative activity. A related strand of work has begun to foreground collective intelligence
as a distinct educational outcome, proposing that Al can be leveraged not only to support
individual or small-group learning but to cultivate the capacity for groups to think and solve
problems together at scale (Casebourne et al., 2025). This framework distinguishes between Al
functioning as environment which structures the conditions for collective activity, and Al
functioning as agent who actively participates in group reasoning processes. While analytically
productive, this distinction stops short of theorising how Al mediates the interactional,
epistemic, and regulatory dimensions of collaborative learning from a pedagogical perspective.
Thus, while networked and distributed perspectives acknowledge non-human participation, they
do not, on their own, provide a pedagogically grounded account of mediation, regulation, and
agency in Al-mediated collaborative learning.

3.5 Regulation, Shared Regulation, and Learner Agency with AI

Collaborative learning involves not only cognitive engagement but also the regulation of
interaction, goals, and affect at individual and group levels. Research on socially shared regulation
of learning highlights the importance of collective monitoring, negotiation, and adaptation in
sustaining productive collaboration (Dillenbourg, 2016). Early models of self-regulated learning
already conceptualized regulation as a recursive and artifact-mediated process rather than a
purely internal cognitive function (Winne & Hadwin, 1998). Building on this foundation,
subsequent work has extended regulation to collaborative and socially shared contexts, where
regulation emerges through interaction and coordination among participants. As collaborative
learning environments become more complex and distributed, Al systems are increasingly
proposed as supports for regulatory processes. Recent empirical work has begun to move
beyond automation logics in this space. Kim et al. (2025) investigated student perceptions of Al
applications in supporting socially shared regulation of learning (SSRL) across cognitive,
metacognitive, and motivational dimensions, finding that students perceived Al not merely as a
data-driven monitoring tool but as an active learning agent capable of supporting regulatory
activity across forethought, performance, and reflection phases. Crucially, students expected Al
to exercise pedagogical competencies, including the ability to scaffold metacognitive awareness,
respond to diverse learner characteristics, and sustain motivational engagement, rather than
simply trigger automated alerts. These findings reveal that learners themselves anticipate a
participatory role for Al in regulation, and that effective AI support for SSRL requires
pedagogically grounded design that goes substantially beyond algorithmic nudging. Yet much of
the literature continues to frame Al as automating regulation rather than participating in it. By
focusing on prediction, alerting, or nudging, Al-driven regulation risks reducing complex socio-
coghnitive processes to algorithmic triggers. Questions of learner agency, epistemic responsibility,
and teacher professional judgment are often left implicit, despite growing ethical and policy
concerns related to transparency, accountability, and equity (Williamson & Piattoeva, 2019;
European Commission, 2022, 2023; Yan et al., 2025).
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3.6 Recent Developments: Toward AI Participation in Collaborative and
Regulated Learning

Recent empirical and conceptual work has begun to close the gap between individualistic AIED
paradigms and the socially mediated understanding of collaborative learning advanced in this
paper, while simultaneously raising new questions that the pedagogical mediator framework must
address.

Casebourne et al. (2025) propose a three-part framework for Al supporting Collective Intelligence
(CI) in education, encompassing group formation and composition, the staging of collaborative
projects, and the facilitation of joint thinking and problem-solving. Notably, they distinguish
between Al functioning as an environment shaping the structural conditions of collaboration, and
Al functioning as an agent actively participating in cognitive and interactional processes. This
distinction is productive, yet it stops short of a theoretically grounded account of mediation: the
framework remains primarily functional, oriented toward what Al does for collaborative groups
rather than how it participates in the co-construction of meaning, the negotiation of epistemic
authority, or the regulation of shared activity. The pedagogical mediator framework advanced in
this paper complements and extends this work by foregrounding the relational, interactional, and
regulatory dimensions through which Al shapes collaborative learning as a socially mediated
process.

On the regulatory dimension, Kim et al. (2025) provide important empirical grounding for the
intersection of Al and socially shared regulation of learning (SSRL) in online collaborative
contexts. Their study which was conducted through focus group interviews using Al application
storyboards and paper prototypes, reveals that students perceive Al as capable of supporting
cognitive, metacognitive, and motivational dimensions of SSRL across forethought,
performance, and reflection phases. Crucially, students described Al as functioning as an active
learning agent, inhabiting roles previously reserved for human educators and peers. This empirical
finding aligns with and strengthens the regulatory mediation layer advanced in the present
framework, while also underscoring the importance of attending to pedagogical design: Kim et
al. identify seven key pedagogical elements which students consider essential for Al to support
SSRL effectively. The present framework takes these design implications further by situating
regulatory mediation within a broader account of how agency, authority, and responsibility are
redistributed across sociotechnical learning systems.

At the level of epistemic participation, two recent studies provide empirical cases that directly
inform the distinctions drawn in this paper. Lee et al. (2025) report on the design and
implementation of a Collaborative Learning with AI Speakers (CLAIS) system, in which Al
speakers are positioned as peers within Jigsaw learning groups. Their findings show that while
students valued Al as a collaborative participant and reported gains in pedagogical and content
knowledge, peer assessments of Al speakers differed meaningfully from those of human peers,
and the overall user experience was ambivalent. Participants anticipated changes in the epistemic
practices of science classrooms, while also raising concerns about technical limitations. This
study provides a concrete illustration of the tensions involved in framing Al as a peer or teammate,
a framing that the present paper explicitly critiques, and underscores the importance of
maintaining conceptual clarity about what it means for Al to participate in collaborative
knowledge construction without claiming epistemic parity with learners. Similarly,
Oppenheimer, Cash, and Connell Pensky (2025) examined LLMs as collaborative partners in an
argumentative writing course, finding that students improved their writing skills and self-efficacy
through sustained engagement with LLM critique. However, the study also highlights risks of
epistemic dependency, where learners may incorporate Al-generated critiques without adequate
critical engagement. These findings reinforce the need for a pedagogical mediation framework
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that positions Al as a structuring participant rather than an epistemic authority, preserving
learner agency and dialogical accountability within collaborative inquiry.

Taken together, these contributions signal a productive convergence toward understanding Al
as an active participant in collaborative learning. However, they also reveal persistent conceptual
gaps: the absence of a theoretically grounded account of mediation, the limited attention to how
agency and authority are negotiated across human and non-human actors, and the need for
governance and design principles that align Al participation with pedagogical values. The
framework advanced in the following section responds directly to these gaps.

3.7 Theoretical Implications and the Need for Reframing

Taken together, the literature reveals a persistent theoretical misalignment. While collaborative
learning is understood within the learning sciences as a socially mediated, dialogical, and co-
regulated process, Al in education continues to be framed primarily through individualistic and
instrumental paradigms. As a result, AI’s role in shaping interaction, epistemic authority, and
shared regulation remains conceptually under-specified. Addressing this gap requires a reframing
of AT’s pedagogical role, one that moves from automation to mediation, from support to
participation, and from optimization to the redistribution of agency. The following section
advances such a reframing by conceptualizing Al as a pedagogical mediator in collaborative
learning environments, providing a principled framework for analyzing how Al participates in
the orchestration, regulation, and meaning-making processes that constitute collaborative
learning,

4. Al as a Pedagogical Mediator in Collaborative Learning

Recent advances in Al and particularly the emergence of generative and conversational systems,
have intensified the need to reconsider the pedagogical role of Al in collaborative learning
environments. Existing conceptualizations in AIED have predominantly framed Al as a tool for
personalization, a tutor delivering adaptive instruction, or an orchestrator automating
coordination at scale (Woolf, 2010; Luckin, 2018). While analytically useful, these framings
remain limited in their capacity to account for how Al systems increasingly participate in
interaction, epistemic sense-making, and regulation within collaborative activity.

This paper advances a conceptual framework that positions Al as a pedagogical mediator in
collaborative learning. Drawing on socio-cultural theory (Vygotsky, 1978), computer-supported
collaborative learning (CSCL), and perspectives on distributed cognition (Hutchins, 1995),
mediation is understood not as neutral facilitation but as a constitutive process through which
learning is shaped, agency is exercised, and knowledge is co-constructed. From this perspective,
Al operates as an active participant within sociotechnical learning systems, influencing how
collaboration unfolds rather than merely supporting individual learners or automating
instructional functions.

Conceptualizing Al as a pedagogical mediator foregrounds the relational, interactional, and
normative dimensions of Al-mediated learning. It emphasizes that learning outcomes emerge
from the quality of mediated interaction among learners, educators, and technological systems,
and that AD’s pedagogical significance lies in how it structures participation, distributes epistemic
authority, and supports shared regulation within collaborative contexts (Fenwick, 2014
Williamson & Piattoeva, 2019).
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4.1 Pedagogical Mediation as a Theoretical Construct

Within socio-cultural theory, mediation refers to the ways in which learning is shaped through
cultural tools, social relations, and organized activity, rather than occurring solely within
individual cognition (Vygotsky, 1978). Mediation is not an auxiliary process added to learning; it
is constitutive of how meaning is made, what forms of knowledge are legitimized, and how
learners come to participate in shared practices. Extending this concept to Al-enhanced
environments, a pedagogical mediator is defined here as an agent, human or artificial, which actively
shapes learning processes by structuring interaction, scaffolding sense-making, and supporting
regulation within a given pedagogical context. Crucially, mediation differs from orchestration or
automation. Whereas orchestration primarily concerns the coordination and management of
learning activities, mediation foregrounds participation, agency, and the qualitative nature of
interaction (Dillenbourg, 2016).

In collaborative learning environments, mediation operates through the otrganization of
discourse, the provision of representational and epistemic resources, and the regulation of joint
activity. When Al systems intervene by highlighting contributions, prompting reflection, or
shaping the visibility of ideas, they participate in these mediational processes. This participation
is not inherent to Al itself but emerges through pedagogical design choices, institutional norms,
and teachers’ professional judgment regarding when and how Al interventions are appropriate.

4.2 Layers of AI Mediation in Collaborative Learning

Al mediation in collaborative learning can be analytically distinguished across three interrelated
layers: interactional, epistemic, and regulatory mediation. These layers do not represent fixed roles or
discrete functions, but overlapping dimensions through which Al participates in collaborative
activity.

Interactional Mediation

At the interactional level, Al systems shape the organization and flow of collaborative discourse.
This may involve prompting participation, drawing attention to underrepresented contributions,
or highlighting points of convergence and divergence within group discussions. Such
interventions influence turn-taking, focus, and engagement, particularly in online and blended
environments where social cues are attenuated (Dillenbourg, 1999; Suthers, 20006). Interactional
mediation does not replace peer interaction or conversational agency. Rather, it structures the
conditions under which interaction becomes productive by shaping access to collaborative
opportunities. In this sense, Al mediates participation without assuming conversational
authority, supporting equitable engagement while preserving the dialogical nature of
collaborative learning.

Epistemic Mediation

Epistemic mediation concerns how Al influences the construction, evaluation, and circulation
of knowledge within collaborative activity. When Al systems generate explanations, model
reasoning practices, summarize group ideas, or surface alternative perspectives, they participate
in shaping what counts as relevant knowledge and how epistemic progress is recognized. CSCL
research has long emphasized that epistemic progress emerges through interactional
coordination and shared meaning-making rather than individual contributions (Barron, 2003;
Stahl, 2006). Recent research on generative Al in education highlights that such systems
increasingly function as epistemic actors within learning dialogues, raising questions about
authority, dependency, and responsibility (Yan et al., 2025; Kukulska-Hulme et al., 2023). Within
a pedagogical mediation framework, however, Al is not positioned as an epistemic authority that
determines correctness. Instead, it mediates epistemic activity by creating opportunities for
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comparison, critique, and reflection. Epistemic agency remains distributed among learners and
teachers, but is exercised within interactional structures shaped by Al-mediated cues and
representations (Chi & Wylie, 2014). In this sense, Al-mediated contributions influence
epistemic trajectories without determining epistemic closure.

Regulatory Mediation

Regulatory mediation refers to AI’s role in supporting the planning, monitoring, and evaluation
of collaborative learning processes. In collaborative settings, regulation is inherently distributed,
involving shared goal-setting, coordination, and collective reflection (Hadwin, Jirveld, & Miller,
2011; Jarveld et al., 2015). Al systems can contribute to this regulatory ecology by visualizing
participation patterns, prompting goal alighment, or encouraging post-task reflection.
Importantly, empirical research is beginning to document how students actually perceive and
engage with Al as a regulatory support in online collaborative learning contexts. Kim et al. (2025)
found that learners envision Al as capable of supporting cognitive, metacognitive, and
motivational dimensions of socially shared regulation across the full arc of collaborative activity
from forethought and goal-setting through performance monitoring to post-task reflection, and
that they increasingly view Al as an active agent in regulatory processes, not merely a passive
tool. This finding carries significant implications for design: effective regulatory mediation
requites Al systems that are pedagogically sensitive to the phase and social texture of
collaborative activity, rather than systems that respond to aggregate performance metrics alone.
Emerging conceptual work further suggests that Al can function as a co-regulator of learning
processes, supporting socially shared regulation without centralizing control or displacing learner
or teacher decision-making (Degen & Asanov, 2025). Regulatory agency thus emerges from the
interplay between learners’ self- and shared regulation, teacher facilitation, and Al-mediated
scaffolding.

4.3 Redistribution of Agency and Teacher Professional Judgment

A central implication of conceptualizing Al as a pedagogical mediator is that AI mediation entails
a redistribution, rather than displacement, of epistemic and regulatory agency. Dominant
narratives often frame Al as either augmenting or eroding human agency, implicitly assuming a
zero-sum relationship between human and artificial actors. From a mediation perspective, agency
is dynamically negotiated across sociotechnical systems rather than transferred from one actor
to another. For learners, Al mediation can expand opportunities for participation, reflection, and
sense-making, while also introducing new constraints and dependencies that must be
pedagogically managed. For teachers, Al-mediated environments reposition professional work
toward higher-order pedagogical, ethical, and relational judgment. Teachers remain responsible
for interpreting Al-generated insights, contextualizing interventions, and safeguarding
educational values related to equity, transparency, and learner autonomy (Biesta, 2015; Priestley
et al., 2015). Importantly, conceptualizing Al as a pedagogical mediator preserves teacher
authority as pedagogical and ethical stewardship rather than technical control. Al does not
replace teacher judgment; it operates within boundaries defined by educators’ curricular goals,
classroom norms, and professional responsibility (Williamson, Macgilchrist & Potter, 2023).
Teacher professionalism is thus not diminished by Al mediation but reconfigured toward the
interpretation and governance of sociotechnical learning environments.

4.4 The Need for Conceptual Boundary Work

This framework explicitly differentiates Al as a pedagogical mediator from other roles commonly
attributed to Al in education. Unlike tutors, mediators do not individualize instruction toward
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predefined learning outcomes. Unlike peers or teammates, mediators do not claim epistemic
parity with learners. Unlike automated orchestrators, mediators do not centralize control over
collaborative processes or replace teacher decision-making. Instead, pedagogical mediation
emphasizes participation, relationality, and shared responsibility. Al participates in collaborative
learning by shaping interactional and epistemic conditions, not by delivering instruction or
adjudicating cotrectness. This distinction is critical for avoiding conceptual slippage and for
aligning Al design with pedagogical values central to collaborative learning.

4.5 Distinguishing Pedagogical Mediation from Alternative AI Roles

To establish analytical clarity and avoid conceptual slippage, it is necessary to distinguish Al as a
pedagogical mediator from other roles commonly attributed to Al in educational research and
practice. Much of the AIED literature has conceptualized Al through metaphors such as 700/,
tutor, coach, orchestrator, or teammate. While each of these framings captures particular
functionalities, they remain theoretically insufficient for explaining AI’s participation in
collaborative learning processes.

First, Al as a 700/ is typically understood as a passive instrument used by learners or teachers to
accomplish predefined tasks. Tool-based framings emphasize efficiency, usability, and functional
support, but they obscure how Al systems actively shape interactional norms, epistemic focus,
and participation structures (Verbeek, 2011; Fenwick, 2014). In contrast, pedagogical mediation
foregrounds Al as a medjational means that participates in meaning-making processes rather than
merely enabling action.

Second, Al as a futor reflects an individualized instructional paradigm in which the system
diagnoses learner states and delivers adaptive feedback toward predetermined learning outcomes
(Woolf, 2007; VanLehn, 2011). While effective in one-to-one contexts, this framing is poorly
aligned with collaborative learning, where knowledge construction is collective, contingent, and
dialogical. A pedagogical mediator does not individualize instruction or adjudicate correctness;
instead, it structures opportunities for joint inquiry, comparison, and reflection.

Third, Al as a cwach emphasizes motivational support, metacognitive prompting, or performance
enhancement. Although coaching metaphors acknowledge process-level support, they often
retain an instrumental logic focused on optimizing learner behavior. Mediation, by contrast,
emphasizes how Al participates in the social organization of activity and in the distribution of
epistemic and regulatory agency across a group, rather than shaping individual performance
trajectories.

Fourth, Al as an orchestrator positions the system as a manager of collaborative activity,
responsible for group formation, monitoring, and coordination (Dillenbourg, 2016). While
orchestration is essential in CSCL, conflating orchestration with mediation risks reducing
pedagogy to coordination and control. Pedagogical mediation explicitly resists the centralization
of authority in the system, instead highlighting how Al interventions must remain subordinate
to teacher judgment and collective decision-making.

Finally, recent research has explored Al as a feammate or peer in collaborative learning, particularly
in the context of generative Al and human—AlI collaboration (Yan et al., 2025). Empirical design-
based work has begun to operationalize this framing: Lee et al. (2025) developed a system in
which Al speakers were embedded as peer participants in Jigsaw learning groups, with students
and Al jointly engaging in knowledge construction tasks. While participants reported positive
learning experiences and anticipated meaningful changes to epistemic practices in science
classrooms, the study also revealed important asymmetries: peer assessments of Al speakers
differed substantially from those of human peers, and students responded to Al participation

133



@ Umanistica Digitale — ISSN: 2532—8816 — n. 24, 2026

with a degree of ambivalence that reflects the unresolved questions of accountability, epistemic
parity, and relational trust. These findings illustrate precisely why teammate framings, despite
their analytical productivity, risk obscuring the fundamental asymmetries in responsibility,
accountability, and ethical agency that distinguish Al participation from human participation in
collaborative learning. Within a pedagogical mediation framework, Al does not claim epistemic
parity with learners; it participates asymmetrically, shaping conditions for collaboration without
assuming social or moral agency.

Taken together, these distinctions clarify that pedagogical mediation is not defined by what Al
does functionally, but by how it participates in the organization of collaborative learning.
Mediation emphasizes relationality, contingency, and shared responsibility, positioning Al as a
sociotechnical participant whose pedagogical role is shaped through design, governance, and
professional judgment rather than through autonomous decision-making.

4.6 Conceptual Implications

Positioning Al as a pedagogical mediator provides a principled lens for analyzing Al-supported
collaborative learning. It foregrounds how Al participates in interactional, epistemic, and
regulatory processes; clarifies the redistribution of agency across learners, teachers, and systems;
and anchors ethical and design considerations within pedagogical theory rather than technical
functionality. The framework enables empirical analysis of Al mediation by focusing on
observable interactional patterns, shifts in epistemic positioning, and forms of shared regulation
in collaborative activity.As a conceptual contribution, this framework lays the groundwork for
future empirical research examining Al mediation as a sociotechnical phenomenon, as well as
for design-based inquiry that aligns Al innovation with the pedagogical commitments of
collaborative learning and teacher professionalism.

5.  Ethical, Policy, and Pedagogical Governance Implications of Al
Mediation

Conceptualizing Al as a pedagogical mediator in collaborative learning environments
foregrounds ethical, policy, and practical considerations as integral components of pedagogical
design rather than as external constraints on technological implementation. When Al actively
mediates interaction, epistemic sense-making, and regulation, it participates in the redistribution
of cognitive, social, and epistemic responsibilities across learners, educators, and technological
systems. Ethical questions concerning equity, transparency, accountability, and professional
responsibility are therefore constitutive of how Al-mediated collaborative learning unfolds, not
ancillary considerations addressed after deployment. From a pedagogical mediation perspective,
ethics and governance cannot be reduced to technical safeguards or regulatory compliance alone.
Instead, they must be examined in relation to how Al-mediated practices shape participation,
epistemic authority, and shared regulation within collaborative learning systems.

5.1 Equity, Participation, and Epistemic Inclusion

Al-mediated collaborative learning raises fundamental concerns regarding equity and epistemic
inclusion. Algorithmic systems that highlight contributions, prompt participation, summarize
discourse, or visualize interaction patterns inevitably shape whose voices are foregrounded and
which forms of knowledge are legitimized. In collaborative settings, such mediational practices
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can either support equitable participation or amplify existing social, linguistic, and cultural
asymmetries (Williamson & Piattoeva, 2019; Mustafa et al., 2024; Yan, Liu, & Chau, 2025).

From a mediation perspective, equity extends beyond equal access to Al tools or digital
infrastructure. It concerns how Al-mediated interactions structure opportunities for epistemic
participation and recognition within groups. Learners with greater linguistic fluency, digital
confidence, or alignment with dominant epistemic norms may benefit disproportionately from
Al-mediated scaffolds, while others risk marginalization or reduced visibility. Ethical Al-
mediated collaboration therefore requires attention to how mediation practices shape
participation patterns, epistemic authority, and collective meaning-making,

Addressing these challenges involves embedding equity-oriented principles into pedagogical
design, including adjustable mediation mechanisms, culturally responsive prompts, and
opportunities for learners to critically engage with and contest Al-generated contributions.
Equity, in this sense, is enacted through pedagogical governance rather than guaranteed through
technical optimization alone.

5.2 Transparency, Interpretability, and Pedagogical Accountability

Transparency is a central ethical requirement when Al systems mediate collaborative learning
processes. Al-generated prompts, feedback, and representations influence peer dynamics, shared
regulation, and collective decision-making, making it essential that such interventions are
interpretable by both educators and learners. However, transparency in Al-mediated learning
extends beyond explainable algorithms to include pedagogical interpretability: an understanding
of why particular Al interventions occur and how they relate to learning goals, collaborative
norms, and instructional intentions (European Commission, 2022; Yan, 2025).

In collaborative contexts, opacity risks producing forms of algorithmic authority that undermine
learner agency and pedagogical trust. When Al-mediated cues are treated as authoritative without
opportunities for questioning, negotiation, or contextualization, learners and teachers may defer
to system outputs rather than engage in reflective judgment. Pedagogical accountability therefore
requires that Al mediation remains open to critique, interpretation, and override by human
participants.

From a governance perspective, transparency supports shared responsibility rather than
centralized control. Educators must be able to interpret Al-mediated representations of
collaboration and situate them within their professional knowledge of learners, tasks, and
contexts. Transparency thus functions as a condition for maintaining pedagogical agency rather
than as a purely technical feature of system design.

5.3 Teacher Professional Agency and the Risk of Technocratic Governance

The integration of Al as a pedagogical mediator has significant implications for teacher
professionalism. Dominant narratives in Al-enhanced education often frame Al as a means of
automating pedagogical decisions, raising concerns about teacher deskilling and the erosion of
professional judgment. Within a mediation framework, however, Al does not replace teacher
agency but reconfigures it toward higher-order pedagogical, ethical, and relational work.

Teachers in Al-mediated collaborative environments act as pedagogical stewards who design
mediation practices, interpret Al-generated insights, and intervene when collaborative dynamics
require human judgment. This role demands professional agency that cannot be reduced to
compliance with algorithmic recommendations or data-driven prescriptions (Biesta, 2015;
Priestley et al., 2015). Ethical governance must therefore protect teachers’ authority to
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contextualize, adapt, or reject Al-mediated interventions in light of pedagogical goals, classroom
norms, and learners’ needs.

At the institutional level, there is a risk that Al-mediated collaboration becomes subject to
technocratic governance, where dashboards, indicators, and automated alerts are used primarily
for monitoring and accountability rather than pedagogical support. Such governance models may
prioritize efficiency and standardization at the expense of pedagogical meaning and professional
autonomy. Conceptualizing Al as a pedagogical mediator offers a counterpoint to technocratic
logics by foregrounding teacher judgment as central to ethical and effective Al integration. This
interpretive and situational form of professional agency aligns with longstanding accounts of
teacher judgment as reflection-in-action, where practitioners respond to complex and uncertain
situations through informed professional judgment rather than rule-based procedures (Schon,

1983).

5.4 Data Governance, Responsibility, and Collaborative Learning Processes

Al-mediated collaborative learning relies on the collection and analysis of interactional data,
raising concerns related to privacy, consent, and data stewardship. While compliance with data
protection regulations such as the General Data Protection Regulation (GDPR) is essential, a
pedagogical mediation perspective highlights additional ethical considerations. Interactional data
does not merely represent collaborative processes; it actively participates in shaping them by
informing Al-mediated prompts, feedback, and visualizations.

Ethical data governance therefore requires attention to how data practices influence
participation, visibility, and shared responsibility within learning groups. Decisions about what
data is collected, how it is represented, and who has access to it directly affect trust, agency, and
the quality of collaboration. Learners and educators should be positioned not merely as data
subjects, but as stakeholders with a voice in how data-informed mediation operates. From a
mediation perspective, responsible data governance supports collaborative learning by aligning
data practices with pedagogical intentions rather than treating data extraction as an end in itself.

5.5 Toward Pedagogical Governance of AI-Mediated Collaboration

Taken together, these considerations point to the need for pedagogical governance frameworks
that align Al innovation with educational values and collaborative pedagogy. Emerging
regulatory initiatives such as the EU Al Act provide important safeguards related to risk,
transparency, and accountability (European Commission, 2023). However, regulatory
compliance alone is insufficient to address the pedagogical implications of Al mediation in
collaborative learning environments.

Pedagogical governance emphasizes how ethical principles are enacted through design decisions,
instructional practices, and professional judgment. It foregrounds questions of who controls
mediation, how agency is distributed, and how responsibility for learning outcomes is shared
among learners, educators, and systems. Because collaborative learning depends on shared
regulation, epistemic trust, and negotiated authority, Al mediation introduces ethical stakes that
are qualitatively different from those in individualized learning contexts.
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6. Implications for Research and Design in Collaborative Learning

Positioning Al as a pedagogical mediator carries significant implications for both the design and
study of collaborative learning environments. Rather than optimizing individual performance or
automating instructional functions, Al-mediated collaboration foregrounds the co-regulation of
social, cognitive, and metacognitive processes, emphasizing how learners, peers, educators, and
technologies jointly shape learning activity (Yan, 2025; Degen & Asanov, 2025). From this
perspective, design decisions determine not only what Al does, but how agency, responsibility,
and participation are distributed within sociotechnical learning systems. This shift calls for design
and research approaches that attend to interactional quality, epistemic participation, and
pedagogical governance, rather than treating Al as a standalone instructional component.

6.1 Designing Al to Scaffold Interaction and Collective Inquiry

Al-mediated collaborative learning environments should be designed to support equitable
participation and sustained epistemic engagement. Rather than merely organizing groups or
delivering generic prompts, Al can function as a pedagogical mediator by scaffolding
interactional processes—foregrounding underrepresented contributions, prompting critical
dialogue, and drawing attention to emerging ideas, tensions, or divergences within group work
(Guitert Catasus et al., 2025). Such interactional scaffolds support collective focus and inclusive
participation, particularly in online and blended contexts where social cues and informal
regulation are attenuated. Importantly, mediation-oriented design resists rigid automation. Al
interventions should remain adjustable, context-sensitive, and responsive to pedagogical intent,
ensuring that Al enhances rather than constrains the dialogical nature of collaborative inquiry.

Recent work on Al and Collective Intelligence (Casebourne et al., 2025) reinforces this design
orientation by highlighting that effective Al support for joint thinking operates across scales
from small groups to large collaborative networks, and that the distinction between Al as an
environment structuring collaboration and Al as an agent actively participating in it carries
significant design consequences. Mediation-oriented design must navigate this distinction
carefully, ensuring that Al interventions are calibrated to the specific interactional and epistemic
demands of the collaborative task, rather than applied uniformly regardless of group dynamics
or learning phase.

6.2 Supporting Co-Regulation and Metacognitive Awareness

Designing Al as a pedagogical mediator also entails supporting learners’ capacity to plan,
monitor, and evaluate their joint activity. Al systems can contribute to shared regulation by
making collaborative processes visible, tracking progtess, visualizing participation patterns, and
prompting reflective discussion at critical moments in the learning process. When aligned with
instructional goals, such supports foster metacognitive awareness and collective responsibility,
enabling learners to actively manage both cognitive and social dimensions of collaboration.
Crucially, mediation-oriented design positions Al as a complement to human facilitation rather
than a replacement for teacher or peer regulation. Co-regulation emerges through the interplay
of Al-mediated cues, learner judgment, and teacher guidance, rather than through automated
control.

Empirically, students have identified specific pedagogical elements they consider essential for Al
to support shared regulation effectively. Kim et al. (2025) found that learners value Al supports
that span technological, pedagogical, and content knowledge dimensions, elements which
together constitute what the authors frame through a TPACK lens. From a mediation
perspective, these student-identified needs underscore the importance of designing regulatory
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scaffolds that are not only technically functional but pedagogically meaningful: sensitive to the
collaborative phase, responsive to the group’s social and epistemic dynamics, and interpretable
by both learners and educators.

6.3 Aligning Al Interventions with Pedagogical Intent

Effective Al-mediated collaboration requires close alignhment between Al interventions,
pedagogical goals, assessment practices, and curricular values. From a mediation perspective, the
pedagogical significance of Al lies not in technical sophistication but in how Al-mediated
prompts, feedback, and representations are framed and enacted within instructional designs.
Designers must therefore prioritize interpretability, flexibility, and adaptability, avoiding over-
standardization or algorithmic determinism that constrains pedagogical judgment (Yan, 2025).
Al systems should support multiple pedagogical trajectories, allowing educators to appropriate,
adapt, or suspend Al-mediated scaffolds in response to emergent collaborative dynamics.

6.4 Embedding E'thics and Equity in Design Choices

Ethical considerations are inseparable from design decisions in Al-mediated collaborative
learning. Because Al mediation shapes participation, visibility, and epistemic authority, designers
must ensure that Al interventions do not amplify existing inequities or privilege particular forms
of knowledge or interaction. Equity-oriented design requires attention to accessibility, cultural
relevance, and transparency, as well as mechanisms that allow learners and educators to question,
contest, or override Al-mediated guidance (Williamson & Piattoeva, 2019; Mustafa et al., 2024;
Alfiras, Emran, & Mohamed, 2025). From a mediation perspective, ethics is enacted at the level
of interaction, through how Al structures opportunities for participation and recognition, rather
than secured solely through technical safeguards.

6.5 Integrating Teachers as Co-Regulators in Design and Research

Collaborative learning designs should position educators as active co-regulators who interpret,
contextualize, and adapt Al-mediated scaffolds. Al systems should be designed to enhance
teacher awareness of group processes by offering meaningful representations of collaboration
without prescribing action or displacing professional judgment. This orientation has direct
implications for research. Empirical studies should examine not only learning outcomes, but
how teachers appropriate Al mediation in practice, how professional judgment is exercised in
Al-mediated environments, and how pedagogical governance is negotiated across human and
technological actors. Professional development is therefore essential to support educators in
developing the pedagogical, ethical, and interpretive competencies required for responsible Al
integration (Degen & Asanov, 2025).

7.  Conclusions and Conceptual Agenda for Future Research

This paper has advanced a conceptual reframing of artificial intelligence in collaborative learning
by positioning Al as a pedagogical mediator rather than as a tool, tutor, or automated
orchestrator. Drawing on socio-cultural theory, distributed cognition, and contemporary
research in Al in education, the framework foregrounds mediation as a pedagogical function
through which Al participates in shaping interaction, epistemic sense-making, and shared
regulation. In doing so, it addresses a petsistent theoretical misalignment between dominant AI-
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centered models of learning and established pedagogical understandings of collaboration as a
socially mediated process.

Conceptually, this contribution shifts analytical attention from what Al delivers to how Al
participates in learning activity. By distinguishing interactional, epistemic, and regulatory layers
of mediation, the framework clarifies how Al reshapes collaborative dynamics without displacing
learner or teacher agency. This perspective moves beyond binary narratives of augmentation
versus automation, instead conceptualizing Al-mediated collaborative learning as a
sociotechnical configuration in which agency, authority, and responsibility are dynamically
redistributed across learners, educators, and systems.

A central implication of this reframing is the reassertion of teacher professional judgment as
foundational to Al-enhanced collaborative learning. Rather than diminishing teacher authority,
Al mediation reconfigures it toward higher-order pedagogical, ethical, and relational work.
Teachers remain responsible for interpreting Al-generated insights, contextualizing
interventions, and safeguarding educational values such as equity, inclusion, and epistemic
justice. This emphasis responds directly to growing concerns within the field regarding
algorithmic authority, teacher deskilling, and the technocratic governance of data-driven
education.

Building on this conceptual foundation, the paper outlines a future research agenda: first,
conceptual and design-based research is needed to investigate how different forms of Al
mediation shape interaction quality, shared regulation, and collective knowledge construction in
authentic collaborative learning contexts, particularly in blended and online environments. Such
work should foreground mediation processes rather than treating Al as a static instructional
component. Second, learning analytics research should move beyond individual performance
indicators toward process- and network-sensitive approaches capable of capturing interactional
dynamics, participation patterns, and the negotiation of epistemic authority. From a mediation
perspective, analytics are not neutral representations of learning activity but active participants
that shape attention, interpretation, and pedagogical action. Third, qualitative and mixed-
methods studies are required to examine how learners and educators experience and negotiate
Al-mediated collaboration. Understanding how trust, agency, and responsibility are enacted in
practice is essential for aligning Al design with pedagogical intent and for avoiding forms of
dependency or epistemic displacement. Finally, policy-oriented and critical research should
examine the governance implications of Al-mediated collaborative learning. As regulatory
frameworks such as the EU Al Act increasingly shape educational practice, there is a need to
ensure that governance mechanisms support pedagogical accountability, professional autonomy,
and equitable participation rather than reinforcing technocratic control.

In conclusion, positioning Al as a pedagogical mediator offers a principled and timely
contribution to ongoing debates. By foregrounding mediation, participation, and shared agency,
this perspective reframes Al not as a substitute for human interaction, but as a participant in
socially situated learning systems. This conceptual shift opens new avenues for research and
design that align Al innovation with the pedagogical foundations and ethical commitments of
collaborative learning in the digital age.
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