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What this talk covers

Motivation

Two bottlenecks that keep chat-based LLM output out
of the classroom.

System in practice

What TriGen output looks like inside a real learning
platform.
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Related work

Where TriGen sits versus prior RAG and question-
generation systems.

Deployment & results

A first-cohort analysis on a live university platform.

Method

Structure-aware chunking, hierarchical indexing,
retrieval, and three generation heads.

Limitations & conclusion

What's proven, what's deferred, and where this goes
next.



Two bottlenecks block the classroom

Active recall (MCQs), spaced repetition (flashcards) and knowledge organization (mindmaps) beat passive study — yet chat-based LLM output stalls
before it reaches learners.

Output is view-only Prompt-competence gap
Generated items live in a chat window. Learners can't prompt what they don't yet know.
No scoring for MCQs. No spaced-repetition schedule for Enforcing item-writing rules, balancing Bloom levels,
flashcards. No course navigation for mindmaps — because imposing flashcard atomicity and guarding against
no learning platform consumes the output. hallucination are exactly the skills a student is still acquiring.
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Where TriGen sits in the literature

Retrieval-Augmented Generation Al-generated learning materials

* Lewis et al. introduced RAG: a dense retriever paired with a * MCQ generation pre-dates LLMs; weak distractors remain a
seg2seq generator [7]. recurring weakness [6, 10, 11].

* Structure-aware / graph RAG preserves document layout for * Flashcard generation is under-studied — mostly prompting with
higher-quality context [8]. surface-level metrics [12].

* Self-RAG and agentic RAG interleave retrieval with reasoning and * Mindmap generation is studied separately, as concept-map
self-critique [16, 9]. extraction [13].

TriGen's angle: chapters/sections as first-class retrieval units — for both chunk TriGen's angle: the first to unify all three artifacts under one retrieval/indexing

boundaries and hierarchical query filtering. pipeline with a shared evaluation framework.
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What we contribute

A unified RAG pipeline

Prompts encode item-writing, atomicity and coverage rules learners can't apply themselves — producing MCQs, flashcards and
mindmaps from one retrieval backbone.

A first-cohort deployment analysis

Four Vietnamese textbooks, programming and non-programming: approval rates, option-quality vs. teacher items, atomicity,
mindmap coverage, generation cost.

Structure-aware chunking & evaluation

Chapter/section/subsection hierarchy preserved through chunking and retrieval, paired with a framework combining retrieval fidelity
and pedagogical quality.
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The TriGen pipeline

Textbook Structure-aware chunking Hierarchical Qdrant index

PDF / Markdown chapter — section = subsection chunks + path metadata

Retrieval & context assembly hybrid dense + BM25, scope-filtered by section, cross-encoder re-rank, custom-prompt conditioning

MCQ head Flashcard head Mindmap head
4-option items in JSON, Bloom level, optional Atomic (front, back) pairs, < 3 sentences, one Two-pass tree: skeleton from section
code field; validator drops schema / off-context concept per card; concept label for spaced summaries, leaves expanded under retrieval;
/ redundant items. repetition. JSON tree, < 4-level skeleton.

— Al artifacts sit beside teacher-authored content on the host platform, under the same quality checks — details on the next slide
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Three generation heads

MCQ head

4-option JSON: stem, correct answer, 3

distractors, Bloom level, optional code field.

3 prompt rules: plausible distractors, no
semantic overlap, shared surface form.

Validator drops schema failures, off-context
claims, or Jaccard > 0.8 option pairs.
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Flashcard head

Atomic (front, back) pairs — one definition,
theorem or rule per card.

Back side capped at 3 sentences by the
prompt.

Concept label emitted for future spaced-
repetition scheduling.

Mindmap head

Two-pass generation: skeleton from section
summaries, then per-node expansion.

Skeleton capped at 4 levels (Cognitive Load
Theory).

Post-expansion depth reaches =5.9 levels on
the observed cohort.



Structure-aware chunking

Naive fixed-window chunking (e.g. 512 tokens, 50-token overlap) fragments
definitions across chunks and interleaves unrelated topics — hurting both
retrieval precision and downstream quality in all three generation heads.

Extract a logical tree — PDF outline + font-size heuristics + section
markers, or Markdown heading levels for .md/.txt sources.

Chunk only inside leaf nodes — DFS traversal; soft =700-token target with
sentence-aware boundaries — never splits mid-sentence.

Inherit the full hierarchical path — book — chapter = section =
subsection travels with every chunk as metadata.

Normalise chapter identifiers — canonical Chapter-X form keeps Qdrant
payload filters stable across textbooks with inconsistent labelling.

This hierarchy is the shared backbone: every retrieval query and all three generation heads
depend on the same chunk metadata — get it wrong here, and the error propagates
downstream.
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Hierarchical chunk metadata

W Textbook
Chapter-3
3.2 Section
3.2.1 Subsection
chunk - =700 tokens
3.3 Section

chunk - =700 tokens



Hierarchical indexing & retrieval

Hierarchical vector indexing Retrieval & context assembly
* Chunk-level embeddings carry parent chapter and section ids as * Ahybrid query — dense embedding + BM25 — is scope-filtered to
Qdrant payload fields. the requested section.
* A separate collection of section-level summaries serves as a * A cross-encoder re-ranks the top candidates before context
coarse retrieval layer for mindmaps. assembly.
* Cosine-similarity deduplication across textbook editions avoids * Custom prompts condition retrieval: salient terms are appended
retrieval collapse. to both queries.

Context carries explicit chapter/section headers, so the generator can attribute
each fact to its source — improving faithfulness.
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System in practice
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Scored, not view-only

Practice history and progress tracking — the bottleneck chat-based output cannot offer (Slide 3).
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System in practice
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Reviewed items reach real exams

Instructors schedule live assessments drawing from the same approved item pool.
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System in practice

Cau12: This program has a bug. What is the problem?

#include <stdio.h>

int main{void)

{
int n =5
printf("%d'\n", n);

return &;

= m N s R

({A} printf needs a & beforen

({Bj Missing semicolon afterintn =5

({C} main must return void

N NI N

((D) #include should use angle brackets only for user headers

( « Thanhthao ) [ M Banhddu ) (A Bdo sui>

The code field, live

Programming-content MCQs render an accompanying code snippet in a syntax-highlighted editor.
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System in practice
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((D) Khi céin chuyén ddi Optional sang kiéu dir liéu khac

Céau 12: Phudng thitc ndio clia Set<E> chi giif lal cac phén tif cé trong bé suu tap dudc chi dinh?

(A) retainAll(Collection<E> coll)
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\

Exams, graded instantly

A learner sitting a live exam that is drawn from the same approved item pool as teacher-authored questions.
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System in practice
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Create, view and edit flashcards

Instructors create flashcards based on a chapter. Possible to specify topics or concepts within that chapter using prompt.
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System in practice
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Create, view and edit mindmaps, live

Instructors can create mindmaps for a chapter, a few chapters, or even the whole textbook
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Experimental setup

Multilingual sentence-

Qwen3-8B via Ollama GPT-40
transformer

used for a subset of mindmaps, to inspect fine-tuned for Vietnamese semantic

primary generator across all three heads

provider variance similarity (embeddings)
Four textbooks, mixed domain
Java Programming Programming
Programming Fundamentals Programming
IT Project Management Project management
Population, Resources and Environment in Sustainable Development Non-programming (generalization probe)

Integrated beside 1,209 existing teacher-authored / imported MCQs on the same platform - exports anonymized via HMAC-keyed research IDs.
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Deployed on a live university platform

Qwen3-8B via Ollama as the primary generator (GPT-4o0 for a subset of mindmaps) - multilingual sentence-transformer embeddings - integrated beside 1,209 existing
teacher-authored / imported MCQs

225 |l A
236 636 4

active learners MCQ responses (60-day peak window, 2026) Vietnamese textbooks (mixed domain)

First cohort of TriGen-generated artifacts

790 MCQs 414 flashcards 14 mindmaps
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Every Al item passes expert review

Al generates Expert reviews
TriGen drafts an MCQ, flashcard or A domain expert checks it against the
mindmap from the retrieved textbook same item-writing rules used for
context. teacher-authored content.

Gate decides

Approved items join the shared item
pool; rejected items never reach a
learner.

Learners flag issues

Students using the item in practice or
exams can report problems; flagged
items return to expert review.

No Al item bypasses this gate, and review continues after deployment: approval is a property of the platform's shared quality pipeline, not of any single textbook or generation run

— see Slide 16 for what we can and cannot yet quantify about review outcomes.
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MCQ structural quality

Mean max-Jaccard overlap (4 options) Option-length ratio (max / min chars)
0.30 2.38
0.27 1.92
I 1 1
Al-generated Teacher-authored Al-generated Teacher-authored

3.8% of Al items exceed the engineered 0.8 redundancy threshold, versus 2.4% of teacher-authored items — the validator already rejects items above that
threshold before publication.

Caution: structural / format-compliance indicators only — not yet full pedagogical quality (factual correctness, distractor discrimination deferred to future work).
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Flashcards & mindmaps

Flashcards (n =414)

comply with the < 3-sentence back-side
constraint

have a single sentence on the back
(median 54 chars)

Atomicity is enforced at generation time by the prompt — prompt-encoded
item-writing rules translate directly into compliance.
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Mindmaps (n = 13 scored)

~19%

6.0

66k / 11.4m

Partial per-tree coverage motivates an explicit multi-mindmap composition

strategy for full-book coverage.

mean structural coverage per chapter-

scoped tree (40.7% Java — 11.1% Prog.

Fund.)

mean full-tree depth (levels)

tokens & minutes per mindmap
(transparent cost)
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Limitations & ongoing work

Deployment-in-progress

A flat-chunking baseline is specified but not yet run in parallel.

A faculty-curated ground-truth corpus for the RAGAs evaluation is
still under construction.

Per-item response samples remain small — item-level
psychometrics are deferred.
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Where we go next

Close the loop: feed learner responses back into generation
parameters.

A code-fidelity evaluation on the programming subset (code field).

Cross-lingual (English) generation, evaluated beyond the
Vietnamese cohort.
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Conclusion

A unified, structure-aware pipeline

TriGen produces MCQs, flashcards and mindmaps from a shared retrieval backbone, deployed on NEU's live ScoreUp platform — 236 learners
and 636 MCQ responses in a 60-day window.

A first-cohort analysis that holds up

Across four Vietnamese textbooks: 47.7% expert MCQ approval with sharp per-textbook variance; option-quality on par with teacher-authored
items; 97.6% single-sentence flashcard atomicity; ~20% mindmap coverage per tree.

Larger claims, scoped honestly

A flat-chunking ablation, a RAGAs evaluation, a learner-cohort psychometric study, and a code-fidelity evaluation are ongoing work, not yet
reported here.
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Thank you

Presented by Nguyen Diep Anh - Pham Xuan Lam - Nguyen Thi Huyen - Tran Thi My Diep — National Economics University
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