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Abstract
Generative AI can answer questions and generate practice,
but everyday learning unfolds through connected events: stu-
dents capture problems, make mistakes, ask follow-up ques-
tions, practice, and review. Treating each interaction inde-
pendently prevents an AI system from recognizing recurring
misconceptions or planning timely support.

We present StudySense, a context-aware learning agent
that treats student-initiated multimodal interactions as sens-
ing events. Camera input, OCR results, questions, correc-
tions, practice records, and review actions are standardized
and organized into long-term learning memory. When a new
event occurs, the agent retrieves related evidence, infers the
current learning state, plans an action, and writes subse-
quent feedback back to memory.

We instantiate StudySense in a mistake review prototype
for middle- and high-school students. The prototype sup-
ports problem capture, region selection, OCR, structured
analysis, follow-up questioning, targeted exercise generation,
and printable review handouts. We describe the formative
research, system workflow, implementation logic, evaluation
plan, and responsible design boundaries for student controlled
learning memory.
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1 Introduction
Weiser’s vision of technologies that “disappear” into every-
day life remains central to ubiquitous computing [4]. In learn-
ing, however, generative AI still appears mainly as a tool that
students explicitly invoke for a single answer or explanation.
Real learning is longitudinal: a mistake made today may re-
veal its importance only when a similar problem reappears
during later practice or exam preparation. One-shot inter-
actions do not preserve enough context to explain why a
difficulty recurs or what support should follow.

Context-aware systems adapt to users’ tasks, histories,
and situations [2, 3], while self-regulated learning empha-
sizes monitoring, feedback, and adjustment over time [5].
StudySense applies these principles through event based sens-
ing. Instead of continuously monitoring students, it captures
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deliberate learning interactions from a mobile learning work-
flow, including camera input, OCR text, questions, correc-
tions, practice requests, and review actions. These heteroge-
neous events provide evidence about knowledge points, mis-
conceptions, review needs, and transfer failures while keeping
sensing visible and student initiated.

StudySense contributes three elements. First, it defines a
learning-event representation that connects multimodal in-
put, learning content, intent, time, and relationships. Second,
it combines structured, semantic, and relational memory to
retrieve evidence and infer a learning state before generat-
ing an action. Third, it demonstrates the workflow through
a mistake-review prototype grounded in formative research
with secondary-school students. The goal is not to evaluate
or rank students, but to help them convert fragmented learn-
ing activity into reusable, controllable learning memory.

2 Formative Research and Design
Requirements

2.1 Method
We conducted a formative survey and semi-structured in-
terviews with students in Grades 7–12 to identify when a
learning agent should sense and support everyday learning
activity. We distributed 400 questionnaires and received 386
completed responses. All 386 returned questionnaires were
retained as valid responses, producing a 96.5% response and
valid response rate. The questionnaire covered mistake orga-
nization practices, learning pain points, desired support, typ-
ical use scenarios, and willingness to continue using the sys-
tem. Three students representing practice efficiency, knowl-
edge extraction, and paper based review needs then par-
ticipated in semi-structured interviews. The interviews sup-
ported qualitative design interpretation rather than statisti-
cal generalization.

2.2 Findings
The survey showed that difficulty continues after an answer
is obtained. Time-consuming manual organization was re-
ported by 86% of respondents, uncertainty about how to re-
view by 79%, and lack of targeted practice by 74%. Evening
self-study review was the most frequently selected use sce-
nario (92%), followed by exam preparation (85%). These re-
sults indicate that students need support for turning mis-
takes into later practice and review, not only for solving the
current problem.

The interviews exposed different forms of the same lon-
gitudinal problem. The efficiency-oriented science student
described manual mistake organization as repeated labor:
paper exercises had to be photographed, classified, copied,
and later searched again before similar practice could begin.
This student wanted the system to shorten the path from a
mistake to exercises that target the same knowledge point
and error reason.

The knowledge-extraction-oriented student already used
AI for problem search, but reported that explanations some-
times skipped the exact reasoning step that caused confusion.

Long videos were inefficient, while exercises with compara-
ble structure were difficult to locate in printed books. This
student wanted explanations that could respond to follow-up
questions and practice filtered by topic and difficulty. The
paper-review-oriented student cared more about accumula-
tion across weeks. Electronic resources were abundant, but
few could be reorganized into a stable review path or print-
able material before an examination.

Across the interviews, three requirements recurred: reduce
the effort required to capture paper-based mistakes, connect
each event to the underlying knowledge gap, and convert
fragmented interactions into reusable review resources. We
therefore require low-cost capture from real learning materi-
als, long-term organization of related events, and executable
next actions such as clarification, progressive practice, and
review-handout generation. These requirements make the
agent responsible for continuity across learning events rather
than for replacing the student’s own judgment.

3 StudySense Agent Design
Figure 1 shows how StudySense transforms student-initiated
sensing events into context-aware support and continuously
updates learning memory.

3.1 Event-Based Sensing and
Standardization

A learning event is a student-initiated interaction that re-
veals learning context. Events include capturing a problem,
asking a follow-up question, correcting an error label, re-
questing practice, exporting a handout, and completing later
review. Each event records its type, timestamp, source, con-
tent, subject, knowledge point, intention, evidence, and re-
lationships to earlier events. This schema treats camera and
interaction data as contextual signals rather than isolated
application commands.

For example, uploading a graph-shift problem creates a
problem event containing the image, OCR text, extracted
conditions, knowledge point, and an initial error hypothesis.
Asking why x+2 shifts a graph to the left creates a separate
dialogue event linked to the problem. If the student later cor-
rects the error label or requests practice, the correction and
request remain distinct events with provenance. The event
graph therefore preserves what was observed, what the agent
inferred, and what the student confirmed instead of flatten-
ing them into a chat transcript.

Raw input is standardized before storage. Images pass
through region selection and OCR; extracted text is cleaned
and structured into the problem statement, conditions, tar-
get question, knowledge point, and possible error reason.
Follow-up questions are classified as step-level confusion, con-
ceptual misunderstanding, requests for another explanation,
or requests for practice. Privacy filtering removes or marks
irrelevant identifiers before an event enters memory.
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Figure 1: StudySense scenario workflow. Multimodal learning events are standardized, connected to long-term
memory, used for evidence-based state inference and action planning, and written back after student feedback.

3.2 Long-Term Memory and Context
Retrieval

StudySense uses three complementary memory representa-
tions. Structured memory stores explicit fields for filtering
by knowledge point, error type, and time. Semantic mem-
ory embeds problem summaries, questions, and explanations
to retrieve conceptually similar events. Relational memory
records links such as shared concepts, repeated error rea-
sons, generated-from relations, and student corrections. Re-
lated events are aggregated into memory cards that retain
their evidence sources while summarizing recurring concepts
and misconceptions.

A memory card centers on a knowledge point, recurring er-
ror, or review goal. It contains a compact summary, support-
ing event identifiers, the student’s confirmed corrections, pre-
vious actions, and uncertainty. For quadratic-function trans-
formations, a card may connect several problem images, a
question about expression-to-graph mapping, an earlier vi-
sual explanation, and the outcome of transitional practice.
Compression reduces the amount of history passed to the
model, while retained identifiers allow the interface to reveal
the source of a recommendation.

When a new event occurs, the agent retrieves a bounded
context package using structured filters, semantic similarity,

and relational expansion. Results are ranked by relevance, re-
cency, user confirmation, and prior use. This approach avoids
sending an unfiltered interaction history to the foundation
model and allows each suggestion to be traced to concrete
learning evidence.

In the prototype, retrieval begins with subject and knowl-
edge point filters, keeps semantic candidates above a 0.72
cosine similarity threshold, expands one relation hop, and re-
turns at most five memory cards plus five source events. Con-
firmed student corrections are ranked above model hypothe-
ses. The foundation model prompt receives this bounded ev-
idence package and must return JSON containing a state
label, evidence identifiers, confidence, and action type.

3.3 State Inference, Action Planning, and
Write-Back

The agent uses the retrieved context to distinguish a new
problem, repeated error, conceptual misunderstanding, trans-
fer failure, review need, or insufficient evidence. The output
contains a candidate state, supporting evidence, confidence,
and a recommended action. A planner then selects an expla-
nation, visual clarification, progressive exercise, error sum-
mary, or review handout. When evidence is insufficient, the
system asks the student to choose the next step rather than
presenting an uncertain judgment as fact.
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Action planning combines structured rules with founda-
tion model generation. Rules constrain which actions are
available for a state and require uncertainty to be surfaced,
while the model adapts the explanation, examples, and exer-
cise wording to the retrieved evidence. Typical state-action
pairs include new problem to explanation, repeated error to
error comparison, conceptual gap to visualization, transfer
gap to scaffolded practice, review need to handout genera-
tion, and sparse evidence to clarification. Confidence below
0.60 forces the “uncertain” state. Generated content retains
its source event identifiers and planned action type, prevent-
ing generated suggestions from silently becoming confirmed
learner knowledge.

Student feedback becomes new evidence. Follow-up ques-
tions are connected to the originating problem and expla-
nation; corrected labels revise earlier hypotheses; generated
exercises record their source memory; and completed prac-
tice or exported handouts mark later stages of the learning
process. This write-back loop allows StudySense to update
support over time without relying on continuous background
monitoring.

4 Prototype Instantiation
We instantiate StudySense as a mobile mistake-review pro-
totype for middle- and high-school students. A student pho-
tographs a paper problem, selects the relevant region, and
reviews the OCR result. The system extracts the problem
structure, knowledge point, and a possible error reason be-
fore generating an initial explanation. The student can ask
about a specific step, request similar problems, correct the
inferred error label, or export a printable review handout.
Each action becomes a linked learning event.

The prototype separates capture, event processing, mem-
ory, agent, and output responsibilities. The capture layer
produces images, selected regions, and interaction events.
Event processing performs OCR cleaning, field extraction,
knowledge tagging, intent recognition, and privacy filtering.
The memory service maintains structured records, semantic
retrieval, and event relations, while the agent service receives
only a bounded evidence package. Generated explanations,
exercises, and handouts retain links to the events that pro-
duced them, allowing later correction and provenance inspec-
tion.

The mobile interaction is designed around short, reversible
steps. Students first confirm the selected image region and
OCR result, then inspect the extracted knowledge point and
possible error reason. They can edit either field before re-
questing an explanation. Follow-up questions remain attached
to the relevant reasoning step, and generated exercises are
grouped as basic checking, guided transfer, and similar prob-
lem practice. Handout export combines the confirmed con-
cept summary, worked example, visual explanation, mistake
checklist, and selected practice items into a printable review
packet.

Consider a student who asks why x+2 shifts a quadratic
graph to the left. StudySense stores the question with the

original problem and explanation. When the student later
makes a similar error, the agent retrieves the earlier ques-
tion and practice evidence, identifies a possible repeated
conceptual misunderstanding, and recommends a visual ex-
planation followed by transitional exercises. The resulting
practice and feedback are written back to the same memory
card. This scenario demonstrates how camera sensing, dia-
logue, memory retrieval, and content generation operate as
one longitudinal support process.

5 Evaluation and Responsible Design
StudySense is currently a working prototype, so the planned
evaluation targets mechanism validity rather than exam score
improvement. A task based study will use multi-event learn-
ing scenarios rather than isolated prompts. Participants will
enter an initial problem, inspect an explanation, ask a follow-
up question, generate practice, correct a label, and later re-
turn with a related problem before exporting a handout. The
delayed related event is necessary for testing whether mem-
ory changes the agent’s response.

We will compare the full system with a memory disabled
baseline that receives only the current event. Technical mea-
sures will include event linking accuracy, retrieval relevance,
state classification agreement with expert labels, provenance
completeness, latency, and prompt schema validity. Subject
experts will rate the correctness, relevance, difficulty pro-
gression, misconception tracking quality, and consistency of
explanations and exercises. Student facing measures will in-
clude task completion, perceived workload, usefulness, con-
fidence in understanding the recommendation, and whether
participants can identify the evidence behind it. Interaction
logs and interviews will examine when students accept, cor-
rect, or ignore an inferred state.

Long term learning memory contains mistakes and in-
ferred weak points, creating risks beyond ordinary chat his-
tory. StudySense therefore records only student-initiated events,
minimizes captured content, filters incidental identifiers, and
keeps memory visible, editable, and deletable. Inferences are
presented as suggestions with evidence and confidence, fol-
lowing human-AI interaction guidance on transparency and
controllability [1]. Learning memory is restricted to student
support and must not be reused for opaque ranking, disci-
pline, or attitude inference. Human confirmation is required
before consequential actions or persistent changes to a learner
profile.

6 Conclusion
StudySense combines event based sensing, long-term mem-
ory, evidence based reasoning, action planning, and feed-
back in a student controlled learning loop. With clarified
retrieval thresholds, prompt contracts, state confidence han-
dling, and evaluation measures, the prototype offers a re-
producible path toward context-aware ubiquitous learning
support.
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