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Abstract

Al-mediated learning systems increasingly shape how students act,
choose, and engage within digital classrooms, yet designers lack
concrete ways to evaluate how these systems support or constrain
student agency. This work-in-progress paper proposes an initial,
design-oriented framing of student agency for interactive learn-
ing environments and introduces a prototype methods suite for
analysing it in practice. Synthesising insights from HCI, the learning
sciences, and child-rights guidance, we conceptualise agency as an
interactional and multidimensional phenomenon produced through
system affordances, decision policies, feedback structures, and or-
chestration behaviours. We outline early methods (i.e., log-data
probes, scenario-based interface walkthroughs, and mixed-methods
classroom studies) that reveal how students interpret system cues,
negotiate control, and enact agency socially and developmentally.
Our aim is to offer designers an emerging evaluative lens that iden-
tifies when Al systems narrow or expand students’ room to act,
and to support the creation of more intentional, agency-sensitive
learning technologies.
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1 Introduction

Al-mediated learning environments (e.g., intelligent tutoring sys-
tems, classroom orchestration tools, and Al-driven feedback assis-
tants) are increasingly central to how students engage with digital
systems, receive guidance, and navigate their learning trajectories.
We focus on systems that make or shape instructional decisions,
including widely deployed systems, such as ASSISTments ! and
ALEKS 2. Studies of Al-enhanced classrooms show that these sys-
tems actively influence classroom orchestration by shaping when
students seek help, how they interpret tasks, and how teachers
choose to intervene [8]. International guidance (e.g., UNESCO,
UNICEF, and the OECD) emphasises the need to protect children’s
decision-making autonomy and uphold fairness, transparency, and
explainability in educational Al [6, 12, 14], and child-rights organ-
isations further warn that system autonomy can become harm-
ful when it undermines or manipulates students’ choices, with
UNICEF’s Guidance on Al for Children explicitly stating that AI
systems must not persuade or manipulate children and must protect
their developmental capacity for agency [15].

Within interactive systems design, agency is closely tied to
long-standing HCI concerns about autonomy, sense-of-control,
and ownership over action [1], as well as legibility, reciprocity,
and responsiveness, which shape people’s ability to act mean-
ingfully within digital environments [7]. Contemporary discus-
sions further highlight contestability and delegation, particularly
in mixed-initiative systems where AI autonomy can redirect or
override user action [1].

Despite strong theoretical foundations in HCI and clear ethical
imperatives from global policy guidance, neither field provides a
concrete, design-oriented framework for evaluating how agency
actually manifests in interactive learning systems. This paper po-
sitions the evaluation of student agency as a foundational design
challenge—one that concerns both how Al-based learning technolo-
gies are built and how their effects on agency are studied. In HCI,
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evaluation is inseparable from design: both are mutually constitu-
tive and iteratively shape one another [18].

Throughout this paper, we use the term students to refer to the
primary actors engaging with Al-mediated learning systems. When
citing international policy guidance (e.g., UNICEF), we retain their
use of children to reflect the developmental framing of those docu-
ments. We avoid broader HCI terms such as users or people except
when referring to general HCI theory. We analyse four core system
attributes that shape student agency: (1) system affordances, (2)
decision policies (including underlying data flows), (3) feedback
structures, and (4) orchestration structures (including adaptive be-
haviours).

The novelty of this work lies not in proposing yet another defi-
nition of student agency, but in reframing agency as an evaluable
interactional outcome of Al-mediated learning design. By consoli-
dating existing theoretical accounts into a single evaluative lens and
pairing this lens with concrete, design-oriented methods, we enable
agency to be systematically observed, compared, and iteratively
assessed across systems and over time.

2 Positioning of Student Agency

Recent work in the learning sciences highlights student agency
as a central concern in Al-mediated learning, yet concrete evalu-
ative frameworks remain limited. Vincoli et al. argue that agency
is often treated in a narrow, single-dimensional way, such as con-
trasting “high-”" versus “low-agency” task or help-seeking condi-
tions despite Al systems influencing a far wider set of student
decisions [16]. Their Student-AI Agency Framework therefore con-
ceptualises agency as multidimensional (Content, Feedback & Help,
Co-Orchestration, and Data Agency), emphasising the need for
models that capture this complexity. Parallel discussions in HCI em-
phasise issues of contestability and delegation in mixed-initiative
systems [1], while learning-sciences research stresses that agency
is developmentally sensitive and shapes how students engage with
and benefit from educational technologies. Brod et al. note that
although agency is widely valued across psychology, education,
and philosophy, current systems vary considerably in the choice,
control, and self-direction they afford (often without evidence or
justification) and the field still lacks systematic ways to analyse
how specific design decisions (e.g., automation levels, choice struc-
tures, or personalised adaptation) shape students’ opportunities for
intentional action and self-regulation [3].

Complementing these system-level perspectives, Mouta et al.
show that educators see Al as reshaping the subjective and rela-
tional dimensions of agency, influencing students’ sense of author-
ship, responsibility, and ownership over decisions [10]. Teachers
worry that Al-driven personalisation may narrow choices, reduce
self-reflection, and promote passivity, emphasising the absence of
frameworks to help safeguard agency in practice. These concerns
intersect with longstanding developmental insights: students’ ca-
pacity to act intentionally, regulate behaviour, and interpret choices
shifts significantly across their school years, as core cognitive pro-
cesses (e.g., executive function) supporting goal-directed action
follow non-linear developmental trajectories from childhood into
adolescence [2, 9]. Together, this highlights the need for tools that
account for both the subjective and developmental dimensions
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through which adaptive technologies shape students’ opportunities
to exercise agency.

In this paper, we adopt an interactional and multidimensional
view of agency grounded in HCI, learning sciences, and child-rights
scholarship. Here, agency is not a fixed trait of the learner but an
emergent property of interactions among students, teachers, and
Al systems. Specifically, student agency refers to students’ capacity
to act intentionally within learning environments, make conse-
quential choices, understand and contest system behaviour, and
participate in shaping their learning trajectories [11]. This posi-
tioning draws on Brod et al.’s developmental framing [3], Vincoli
et al.’s multidimensional decision spaces [16], and Mouta et al.’s
subjective, relational, and collective levels of agency [10].

2.1 Resulting gap

Together, this emerging literature paints a unified picture: student
agency is widely regarded as essential, increasingly complex, and
deeply affected by Al-mediated interactions. In their literature
review of recent HCI research on child-Al interaction, Voysey
et al. [17] point out a gap: researchers and practitioners currently
lack robust means to evaluate agency. There are some proposed
frameworks that are relevant for evaluating student agency in
Al-mediated learning (e.g., [5, 19]), but they rely on learner self-
reported data. We still lack HCI studies that systematically analyse,
compare, or audit agency support across different systems. This gap
sets the stage for our contribution: an evaluation-oriented framing
of student agency tailored to interactive learning systems, enabling
designers and researchers to empirically examine how system af-
fordances, decision policies, feedback structures (formative assess-
ment), and orchestration structures enable or constrain students’
capacity to act, choose, and shape their learning trajectories [11].

3 From Frameworks to Student Agency
Evaluation

To consolidate these perspectives into a set of actionable analytical
dimensions, we examined how three complementary frameworks
conceptualise and structure student agency in Al-mediated learn-
ing: Brod et al.’s proposal of an agency personalisation loop, which
treats agency as a dynamically assigned design variable that must
be matched to students’ developmental prerequisites [3]; Vincoli
et al.’s Student-Al Agency Framework, which outlines the concrete
decision spaces students encounter when interacting with Al sys-
tems [16]; and Mouta et al.’s account of agency as shaped through
subjective, relational, and collective dynamics in educational set-
tings [10]. Synthesising these approaches allows us to articulate the
core interactional dimensions through which agency is produced
in practice. Table 1 summarises these dimensions across the three
frameworks and highlights the specific aspects of student-system
interaction they foreground.

3.1 Observable Indicators

To make these indicators actionable for design and evaluation, we il-
lustrate each with concrete interactional contrasts that distinguish
agency-supportive from agency-constraining system behaviour.
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Table 1: Synthesised dimensions of student agency across existing frameworks.

based on student prerequisites (e.g., ex-
ecutive function, metacognition, prior
knowledge); too much or too little stu-
dent choice harms effective learning.

agency specify which learning
decisions students can make.

Dimension Brod et al. [3] (Agency Personalisa- | Vincoli et al. [16] (Student- | Mouta et al. [10] (Agency
tion Loop) Al Agency) Levels)
Decision—-making | Agency should be assigned adaptively | Content and help/feedback | Subjective agency: authorship,

deliberation, and volition in de-
cision processes.

System legibility
& interpretability

The loop requires systems to make the
basis of assigned agency legible: stu-
dents must understand feedback, task
options, and system cues to benefit from
adaptive agency.

Data agency stresses trans-
parency, ownership, and con-
sent.

Teachers highlight risks of
opaque automation constrain-
ing understanding and auton-
omy.

Actionability (re-
sponsiveness)

Adaptive agency modulates how much
control students have over actions (e.g.,
task selection, sequencing), balancing
student autonomy with scaffolding to
prevent ineffective choices.

Help/feedback options and
student-initiated choices affect
opportunities for action.

Intersubjective scaffolding sup-
ports developing metacognitive
and agentic skills.

Participation in
orchestration

The personalisation loop positions
agency as shared control that shifts over
time: systems, teachers, and students

Co-orchestration agency: stu-
dent involvement in structuring
collaborative activities.

Collective
ipation

agency: partic-
and  distributed
decision-making.

jointly shape learning trajectories de-
pending on student readiness.

Evaluating student agency requires translating the analytical di-
mensions from Table 1 into observable, comparable evidence at both
the system and student levels.

Brod et al. propose an agency personalisation loop in which
learner control (e.g., task selection, sequencing, or access to hints)
is adaptively matched to students’ executive function, metacogni-
tion, and prior knowledge, since both excessive and insufficient
freedom can hinder learning [3]. Evaluating decision-making there-
fore concerns the choice bandwidth exposed to students, the align-
ment between offered choices and the student model, and how
control is negotiated through overrides between student, teacher,
and Al (e.g., students can choose whether to attempt a problem
independently, request a hint, or defer support, versus systems
that auto-advance students without meaningful choice given). A
further indicator is whether student decisions produce meaningful
downstream effects on content, feedback, or learning pathways,
distinguishing substantive from merely nominal agency (e.g., re-
jecting a system recommendation alters subsequent task difficulty
or feedback, rather than only dismissing a message while system
behaviour remains unchanged).

Agency also depends on the legibility and interpretability of
system behaviour. Students and teachers must understand what
the system is doing and why, as opaque automation undermines
autonomy and trust [7]. Indicators of legibility include the clarity
of explanations accompanying recommendations (e.g., explicit ra-
tionales vs. generic prompts), transparency around feedback and
progression logic, and the availability and actual use of contestation
mechanisms (e.g., visible overrides or appeal options vs. hidden
or absent controls). These features jointly determine whether stu-
dents can make sense of how and why their agency is granted or
constrained.
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Actionability concerns system responsiveness to learner-initiated
actions. Brod et al. emphasise that underscaffolding can overwhelm
learners while overscaffolding restricts intentional action [3]. In line
with Vincoli et al.’s account of Feedback & Help Agency [16], action-
ability can be evaluated by examining the proportion of learner—
versus system-initiated moves, whether the system preserves or
redirects learner actions (e.g., amplifying learner-initiated explo-
ration versus frequently correcting or overriding it), and the action
horizon (i.e., whether students can see and meaningfully influence
next steps).

Participation in orchestration captures how roles and author-
ity shift across students, teachers, and the Al system. Building
on Mouta et al.’s account of agency as distributed across subjec-
tive, relational, and collective levels [10], Key indicators include
the extent to which students participate in structuring activities
such as grouping or pacing (e.g., students can negotiate groupings
or timelines versus assignments fixed by the system), how easily
teachers can mediate or override Al decisions, and opportunities
for collective influence such as joint task selection. These dynamics
reveal how agency is enacted not only individually but relationally
within Al-mediated learning. Because agency is relational, future
work will also explore participatory evaluation approaches that
involve students and teachers as co-evaluators of agency rather
than passive subjects.

While this work-in-progress paper focuses on affordances and or-
chestration structures, decision policies and underlying data flows
are not excluded from the framework. Rather, we treat them as
system attributes whose effects on student agency often manifest
indirectly—through visible choices, feedback consequences, and op-
portunities for contestation. Even when models are partially opaque,
their agency implications remain evaluable through interactional
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traces, such as whether personalisation narrows choice, whether
overrides are possible, and whether students can understand or
challenge system behaviour (contestability). Future work will ex-
tend our evaluative methods to explicitly probe these attributes in
deployed systems.

3.2 Methods Suite

To capture the indicators outlined above, we propose a methods
suite combining log-data analysis, scenario-based interface walk-
throughs, and mixed-methods classroom studies. The core premise
is that student agency is visible through patterned interactions
between students, teachers, and Al systems over time, and not just
through static self-reports.

Log-data (with timestamps) probes. Logs allow us to quantify pat-
terns such as the rate of student-initiated versus system-initiated
actions, the frequency and context of overrides, and the meaning-
fulness of decision trajectories, whether student choices produce
downstream changes in content or sequencing. We additionally
draw on Brooks et al.’s time-series interaction analysis method,
which converts clickstream logs into temporally structured fea-
tures (including daily/weekly indicators and n-gram behavioural
patterns) to predict outcomes at scale [4]. Although their aim was
prediction of student success, the same feature-engineering ap-
proach can be repurposed to evaluate agency by capturing indica-
tors such as initiative (learner-initiated vs system-initiated actions),
persistence of self-directed behaviour, and shifts in action patterns
over time.

Scenario-based interface walkthroughs. While logs reveal what
students do, scenario-based walkthroughs show what they can do.
Researchers construct tasks that foreground key decision points,
legibility demands, or scaffolding behaviours, drawing on cognitive
walkthroughs to identify where users notice actions, interpret cues,
or understand consequences [20]. Although originally a usability
method, it effectively surfaces agency-relevant breakdowns (e.g.,
when students fail to recognise choices or cannot act on their in-
tentions). Participants “think aloud” while navigating scenarios,
making explicit how they interpret system cues and why they fol-
low or reject system suggestions. Walkthroughs also expose hidden
constraints by revealing whether ostensibly open actions are prac-
tically achievable. Because they can be repeated with alternative
designs or configurations, they support controlled comparisons of
agency-sensitive features.

Mixed-methods classroom studies. Finally, to understand how
agency operates within the social ecology of a classroom, mixed-
methods studies are essential. Classroom contexts make visible how
teachers mediate Al decisions, how students negotiate choices col-
laboratively, and how institutional norms or expectations shape the
enactment of agency. Our approach to mixed-methods classroom
studies aligns with Small’s account of how mixed-method designs
can effectively combine heterogeneous data sources to capture
mechanisms that neither qualitative nor quantitative approaches
can reveal alone [13]. Mixed-methods allows us to link log-level
interaction patterns with ethnographic observations and teacher
interviews, providing both distributional evidence (e.g., how agency
varies across students) and process-level insight (e.g., how control

224

Pauzi et al.

is negotiated moment-to-moment). Following Small’s emphasis on
integrating multiple forms of data to explain both patterns and
mechanisms, this design enables us to trace how student agency is
enacted socially, individually, and collectively within Al-mediated
classrooms.

Together, these methods allow us to examine agency from com-
plementary angles. Log data surfaces structural patterns in how
control and choice unfold over time; scenario walkthroughs reveal
how students interpret those patterns, where they feel supported or
blocked, and how they make sense of system cues; and classroom
studies expose the social dynamics through which teachers mediate
system decisions and students negotiate choices.

An applied example. To illustrate how the proposed agency eval-
uation methods suite might work, consider a pilot study of an Al-
supported mathematics learning platform that recommends new
problems for learners to solve. Log data probes could track how
often students accept, defer, or ignore recommendations, whether
student overrides lead to meaningful changes in task sequence or
difficulty, and whether students make self-directed choices con-
sistently or only sporadically. Scenario-based walkthroughs could
then ask students to complete a task, such as revising their learning
path after receiving a recommendation, while thinking aloud, to
reveal whether they understand how the system produces recom-
mendations, notice alternative options, recognise consequences of
each choice, and feel able to make such decisions. Finally, classroom
observation and teacher interviews could examine whether teach-
ers set paths for students or encourage them to exercise discretion,
how teachers support students to self-assess own progress and
make learning path decisions, and what teachers think about their
students’ genuine ability to make choices and enact them. In combi-
nation, these approaches move beyond learner self-reported agency
evaluation. Observations triangulated across data sources could
better inform design, highlighting where systems quietly narrow
choice, over-automate learning flow, or obscure their reasoning.
The suite therefore provides concrete signals for iteratively calibrat-
ing control, improving legibility, and supporting intentional action
as system behaviour adapts to students’ developing capacities.

4 Conclusion

This work-in-progress paper outlines an initial framing for eval-
uating student agency in Al-mediated learning and introduces a
prototype methods suite. By synthesising how agency is assigned,
enacted in decision spaces, and experienced subjectively and re-
lationally, we identify dimensions that reveal where interaction
design shapes students’ room to act. Collectively, this work enables
designers and researchers to (1) compare agency profiles across
Al-mediated learning systems, (2) identify tradeoffs between con-
trol, legibility, and orchestration, and (3) track how agency shifts
as systems and learners co-develop over time. As we refine early
methods, our goal is to offer a practical, design-led way to identify
when systems narrow or expand agency, and how adjustments in
scaffolding, legibility, or orchestration can better align Al behaviour
with students’ developing capacities. For the community, this work
provides an emerging evaluative lens to support more intentional,
agency-sensitive learning technologies, with next steps involving
iterative application across diverse Al-mediated tools.
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