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Abstract

Lecture segmentation is an important technique for enabling fine-grained reuse of Open Educational Resource
(OER) videos. However, existing lecture segmentation methods primarily model segmentation as flat boundary
prediction and rely on human-annotated chapter boundaries that are often subjective in granularity. As a result,
current approaches struggle to capture the hierarchical pedagogical structure naturally present in educational
lectures. In this paper, we investigate the limitations of existing lecture segmentation paradigms through literature
analysis and case studies. Based on these observations, we propose a novel textbook-informed training task that
reformulates lecture segmentation as semantic relation prediction between lecture transcript chunks and textbook
topic units. By introducing relations such as equivalence, containment, and overlap, the proposed task aims
to help embedding-based segmentation models learn hierarchical topic structure beyond flat topic transitions,
providing a conceptual foundation for future hierarchy-aware lecture segmentation systems.
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1. Introduction

Open Educational Resources (OER) have become increasingly important in contemporary education
because they improve accessibility, flexibility, and equity in learning [1]. Among different OER for-
mats, educational video has become particularly prominent following the expansion of online and
asynchronous learning [2]. However, despite the 5R (Reuse, Retain, Revise, Remix, and Redistribute)
potential of OER, the reuse and adaptation of OER videos remain difficult in practice [3]. Building upon
the existing OER conversion tool (convOERter) [4], this paper focuses on enabling fine-grained reuse of
educational videos through lecture segmentation.

Although recent lecture segmentation methods have achieved promising performance, they largely
overlook the hierarchical nature of educational lectures [5] and do not explicitly model hierarchical
educational semantics. Moreover, many existing approaches rely on creator-provided chapter annota-
tions, which are often subjective in granularity, further reinforcing flat segmentation biases. Recent
LLM-based segmentation methods have demonstrated surprisingly strong performance [6, 7, 8], further
suggesting that lecture segmentation is fundamentally a reasoning- and structure-intensive task.

One possible way to introduce hierarchical semantic understanding into lecture segmentation is
through textbook enhancement. Modern textbooks commonly follow a hierarchical organizational
paradigm consisting of chapters, sections, subsections, and subsubsections, where concepts are pro-
gressively decomposed into increasingly specific topics [9]. In addition, textbooks in domains such as
mathematics often impose even more explicit semantic structures through elements such as definitions,
lemmas, claims, proofs, exercises, and solutions. These structures reflect pedagogically meaningful
relationships between concepts and levels of abstraction. Moreover, educational resources such as MIT
OpenCourseWare frequently provide direct alignment between lectures and textbook chapters, making
textbook-enhanced segmentation feasible in practice.
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This paper presents an early-stage conceptual investigation into hierarchical educational semantics
for lecture transcript segmentation. We propose our research question: "How can textbook-informed su-
pervision enable segmentation models to learn hierarchical educational semantics despite the limitations
of flat and subjective segmentation annotations?” In this paper, we investigate the limitations of current
segmentation paradigms and explore how structured educational resources such as textbooks may
provide hierarchical semantic supervision beyond flat boundary annotations. Based on this observation,
we further propose a novel training task designed to incorporate hierarchical pedagogical information
into embedding-based lecture segmentation models.

2. Related Work

Existing lecture segmentation research largely inherits the flat boundary-oriented paradigm established
by early methods. Early approaches mainly relied on single modalities [10, 11, 12], such as visual scene
changes, slide transitions, pauses in speech, or transcript topic shifts, to detect segment boundaries.
Transcript-based approaches [13, 14] further adapted classical text segmentation techniques such as
TextTiling [15]. In these methods, non-transcript modalities primarily provided local temporal cues.
Regarding transcript, although certain textual features, such as cue phrases or noun phrase transitions,
may implicitly reflect hierarchical educational structures, the dominant modeling paradigm remained
focused on detecting local discontinuities rather than understanding the global pedagogical organization
of lectures.

Later work shifted toward deep learning and embedding-based approaches, yet hierarchical modeling
remains limited due to existing segmentation annotations and evaluation datasets. State-of-the-art
lecture segmentation methods mainly fall into supervised and unsupervised categories [6]. Supervised
approaches such as AHMN [16, 17] rely on chapter annotations manually created by video authors.
However, these annotations are often subjective, flat, and inconsistent in granularity, reflecting different
interpretations of pedagogical structure. Unsupervised methods [18] similarly cluster transcript em-
beddings into flat segment groups without explicitly modeling semantic hierarchy. Moreover, current
evaluation protocols are largely based on the same creator-provided chapter boundaries, causing existing
methods to inherit and reinforce these flat segmentation assumptions. As a result, current approaches
still struggle to capture the multi-level pedagogical organization naturally present in educational
lectures.

Recent work [6, 7, 8] further highlights the potential of LLM-based approaches, which have achieved
promising performance over SOA embedding-based methods, through their long-context understanding
and stronger global semantic reasoning capabilities. Their strong performance suggests that effec-
tive lecture segmentation may depend not only on boundary detection, but also on modeling latent
educational logic and hierarchical conceptual organization within lecture content.

3. Limitations of Flat Lecture Segmentation

In this section, we conduct exploratory case studies and adapt a previous state-of-the-art experiment to
examine the hierarchical structure of lecture content.

3.1. Subjective Granularity in Human Annotation

To illustrate the subjective nature of lecture segmentation, we compare two representative lecture
examples. As shown in Figure 1, we reference two lectures'? from MIT OpenCourseWare® that exhibit
notably different segmentation styles. Lecture A is divided into 23 segments with an average segment
length of approximately 3 minutes, whereas Lecture B contains only 9 segments with an average length
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Figure 1: Screenshots for two MIT OpenCourseWare lectures, both under Creative Commons BY-NC-SA license,
segmentation annotated by creator. Above: Lecture A, Mathematics for Big Data and Machine Learning (Lecture
1) [19]. Below: Lecture B, Single Variable Calculus (Lecture 1) [20].

of around 5 minutes. Furthermore, the chapter descriptions reveal different annotation granularities
and naming conventions. Lecture A primarily emphasizes topic-oriented questions, while Lecture B
focuses more on conceptual explanations and illustrative examples. Moreover, as shown in lecture A
of Figure 1, segmentation granularity can also vary substantially within a single lecture. The largest
segment of video simultaneously covers multiple subtopics, like distributed training and inference
mechanisms, both of which are comparable in granularity to independently segmented topics in earlier
examples.

3.2. Evidence of Hierarchical Boundaries in SOA Predictions

This subsection revisits a case study from prior work [6] to examine how the absence of hierarchical
modeling and the data’s subjectivity of granularity can negatively affect lecture segmentation perfor-
mance. The experiment was conducted on a randomly selected MIT OCW lecture from the MITFLD
dataset using the strongest model reported in the paper, namely a BiLSTM built on jointly trained
visual-text embeddings (JVTE). In their analysis, prediction results where the ground truth (GT) is
negative but the model predicts a boundary are divided into two categories: actual false positives and
reasonable finer-grained sub-topic boundaries that are not annotated in the GT.



Table 1
Case Study of Video_107 from MITFLD with BiLSTM (JVTE) [6]

Time GT Prediction Remarks

00:02 No Yes Sub-topic (Opening Animation)
02:41  Yes Yes True positive

06:53  No Yes Sub-topic

08:25 No Yes Sub-topic

10:07  Yes Yes True positive

11:39  No Yes Sub-topic

14:30  No Yes False positive

17:41  Yes Yes True positive

17:59  No Yes False positive

26:59  Yes No False negative

30:28 No Yes Sub-topic

32:17  Yes Yes True positive

32:22  No Yes Sub-topic

32:24  No Yes False positive

33:42  Yes No False negative

35:48 No Yes Sub-topic

36:36 No Yes Sub-topic (Copyright Page)

As shown in Table 1, the model predicts 15 boundary points, while the ground truth only contains 6
annotated boundaries. Among the 6 GT boundaries, 4 are correctly identified by the model, indicating
that the model is capable of capturing major topic transitions. More importantly, 8 out of the 15 predicted
boundaries are regarded by the original authors as reasonable finer-grained sub-topic transitions rather
than clear errors. This suggests that the model tends to segment lectures at a finer granularity than the
annotations. One possible explanation, also discussed in the original paper, is the distribution bias of
the dataset, where the average number of segments per lecture is around 15, whereas this example only
contains 6 annotated boundaries.

However, the predicted boundaries also reveal model’s inconsistencies of granularity. For example,
timestamp 06:53 marks the beginning of a new article discussion and timestamp 08:25 corresponds
to the third bullet point under that article, both of which are treated as sub-topic boundaries. Yet the
second bullet point is not segmented, resulting in inconsistent granularity within the same discourse
structure. In addition, 3 out of the 15 predictions are genuine false positives, while 2 ground truth
boundaries are missed entirely.

4. Proposed Training Task

We propose a pretraining paradigm that leverages aligned textbook-lecture pairs to improve hierarchical
semantic understanding prior to downstream lecture segmentation. Unlike prior lecture segmentation
approaches that model segmentation as flat boundary prediction, we formulate hierarchical pedagogical
relation prediction between lecture segments and textbook-derived topic units, enabling models to
learn asymmetric semantic granularity and topic containment relations. The core intuition behind the
proposed task is that a model capable of understanding the hierarchical organization of educational
semantics should also be able to infer structured semantic relations between a lecture segment and
another topic unit, including equivalence, hierarchical containment, and partial semantic overlap.

To formalize this idea, we introduce a relation set inspired by set relations and operations. Let A and
B denote two topic-related text segments. The semantic relation between them is defined as shown in
Table 2.

The training dataset is constructed using existing lecture chapter annotations and textbook-video
alignment information. Although creator-provided chapters may exhibit subjective granularity, they
still represent meaningful pedagogical topic units and can therefore serve as anchors for relation



Table 2
Semantic relations between topic segments

Relation Mathematical Expression

Equivalent A=B

Parent ADB

Child ACB

Overlap ANB+ @, A+ B
Unrelated ANB=0©

construction. For each lecture chapter, the fully aligned textbook section forms an equivalent pair,
while the hierarchical structure of the textbook naturally provides parent and child relations through
ancestor and descendant topic units. Overlap relations can be derived from partially aligned textbook
sections, whereas strong unrelated relations can be generated through sampling from different topics
within the same course. During training, the model is required to predict the semantic relation between
paired inputs.

Such supervision encourages the model to reason about the semantic role and granularity of peda-
gogical units rather than relying solely on flat topic transitions. To correctly infer the relation between
two segments, the model must understand both the underlying topic semantics and the hierarchical
organization of concepts, exercises, and explanations. In particular, semantically similar pairs labeled as
parent, child, or overlap provide informative supervision signals analogous to hard negative examples
in contrastive learning. Combined with further training on human-annotated segmentation bound-
aries, this objective may help the model gradually reconstruct the hierarchical pedagogical structure
underlying lecture content.
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Figure 2: Cross-attention architecture for hierarchical semantic relation prediction between lecture transcript
chunks and textbook pieces.



We further present an example implementation of the proposed hierarchical relation prediction
paradigm within a transcript-based lecture segmentation model. As shown in Figure 2, the model
adopts an S-BERT encoder as the underlying sentence embedding backbone, followed by a global
Transformer layer to produce context-aware embeddings over the entire lecture segment. On top of
these representations, a shallow cross-encoder Transformer is introduced to enable deep semantic
interaction between the lecture segment and the textbook topic segment. Through cross-attention,
the model can jointly reason over the semantic structures of both inputs and infer their hierarchical
relation. By training on such objectives, the underlying chunk encoder is encouraged to develop a
deeper understanding of pedagogical topics and their hierarchical organization within lecture content.

5. Future Work and Conclusion

5.1. Future Work

Future work should address both the evaluation of hierarchical semantic understanding and its contri-
bution to hierarchy-aware lecture segmentation. Regarding the evaluation of hierarchical semantic
understanding, beyond standard classification metrics on the proposed semantic relation labels, future
studies may investigate retrieval-based evaluation settings, such as retrieving relevant lecture transcript
chunks from textbook topics and vice versa. Such evaluations could provide additional evidence that the
learned representations capture meaningful pedagogical relationships between educational resources.

A key challenge concerns the evaluation of downstream segmentation performance. Existing lecture
segmentation benchmarks primarily rely on creator-provided chapter boundaries, which our analysis
suggests may reflect subjective and inconsistent granularity choices. Future evaluation protocols should
therefore combine traditional segmentation metrics with human-centered measures that directly assess
content reuse, retrieval effectiveness, and educational utility.

More broadly, this work aims to provide an initial step toward more objective representations of
educational content structure. The proposed framework is motivated by the observation that effective
OER reuse requires reusable and objective segment metadata that can support retrieval and adaptation
across educators and learning contexts. By incorporating textbook-informed pedagogical supervision,
we hope to facilitate finer-grained organization of lecture content beyond subjective chapter annotations.
In our future work, we plan to implement and evaluate the proposed framework on lecture segmentation
tasks and explore its integration into the convOERter ecosystem, ultimately supporting fine-grained
OER video reuse and granularity-aware educational content retrieval.

5.2. Conclusion

Motivated by the need for granularity-consistent segment metadata to support OER video retrieval and
reuse, this paper presents a conceptual investigation into the limitations of current lecture segmentation
methods, particularly their flat boundary modeling and reliance on subjective segmentation annotations
that fail to capture the hierarchical nature of educational content. Through literature review, case
studies, and adaptation of previous experimental results, we analyze how these limitations emerge
and explore the potential role of textbooks as a source of hierarchical pedagogical supervision. Based
on this observation, we further propose a novel textbook-informed training paradigm for modeling
hierarchical educational semantics in lecture segmentation. By introducing semantic relation types
such as semantic containment and partial overlap, the proposed task may provide a foundation for
future work on hierarchy-aware educational representation learning and lecture understanding.

Declaration of Generative Al Use
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