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Abstract

This paper aims to present a line of research focused on the automatization of structuring digital
educational content as knowledge graphs (KGs) to enhance natural language processing tasks. Unlike
traditional repositories like Moodle, KGs offer a more flexible representation of relationships between
concepts, facilitating intuitive navigation and discovery of connections. By integrating effectively with
Large Language Models, KGs can improve personalized explanations, answers, and recommendations.
This research will explore and develop technologies for creating and editing educational data (both text
and multimedia) and technologies that enable students and teachers to utilize this structured knowledge
effectively.
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1. Research Justification

Knowledge graphs (KGs) structure complex information into nodes and relationships, allowing
an intuitive and manipulable representation of knowledge. This structure facilitates the inte-
gration of information from diverse sources, improves the ability to perform precise semantic
searches, and enhances the inference of new knowledge from existing data [1, 2]. Given these
capabilities, KGs have shown significant potential across various domains, including education
[3].

In the educational environment, KGs can transform how educational information is organized
and accessed. They integrate data from multiple sources, such as textbooks, research articles,
and online resources, to link key concepts, theories, and relevant authors [4]. For example, In
molecular biology, a KG can illustrate the connections between "DNA”, "transcription” and
“protein synthesis” with references to videos, book chapters, and other resources.

Integration with Large Language Models (LLMs) can enhance this approach, enabling detailed
explanations and accurate answers [2]. This approach facilitates the search for specific infor-
mation for students and educators and helps identify hidden relationships between different
topics, promoting deeper, interdisciplinary learning [5].

Although many KGs have been proposed in the literature, due to their complexity, they are
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often limited to small environments [6]. The construction of KGs has traditionally required
laborious data extraction and linking processes based on natural language processing (NLP)
and data mining techniques [2]. However, in recent years, LLMs have revolutionized the field
of NLP, demonstrating a remarkable ability to understand and generate natural language and
programming. The potential of LLMs for automatic KG generation is an emerging area of
research [7, 8].

This research address the problem of converting educational materials into KGs for improved
content structuring, navigation, and personalization through LLMs.

2. Background and Related Work

2.1. Knowledge Graphs in the Educational Environment
2.1.1. Representation and Efficient Access to Knowledge

According to Dang et al. [4], efficient access to knowledge is crucial in KGs applied in education.
These graphs organize large amounts of information, facilitating understanding and retrieval.
Abu-Salih and Alotaibi [5] note that KGs enhance semantic searchability, allowing quick access
to specific information.

Abu-Salih and Alotaibi [5] also state that KGs are transforming education by enabling per-
sonalized learning and improved curriculum planning. However, challenges include lack of
standardized formats, limited interoperability, incomplete data, and scalability. Future research
should address these limitations and explore advanced language models and multidomain KGs.

2.1.2. Enhancement of Learning and Discovery of Connections

According to Ain et al. [3], KGs enable dynamic representation of concepts, helping students
understand connections between topics, improving retention and contextualized learning.

KGs also enhance educational systems’ ability to provide personalized recommendations.
Chicaiza and Valdiviezo-Diaz [9] show that mapping relationships between concepts and
resources optimizes learning by aligning with students’ progress and interests, revealing new
connections in a non-linear learning environment.

Stancin et al. [10] highlight the role of ontologies in structuring knowledge and managing
curricula. Combining various methodologies, researchers have increasingly used ontologies in
education, showing their importance and potential.

2.1.3. Personalization and Integration with LLMs

Research by Li et al. [11] shows KGs improve content organization and personalization in online
learning platforms, offering recommendations based on learner progress and interests.

KGs are also crucial in intelligent tutoring systems. Li and Wang [12] state that KGs enable
virtual tutors to provide tailored explanations.

Khoiruddin et al. [13] reviews the development of e-learning ontologies, emphasizing method-
ologies like NeON and METHONTOLOGY and metrics like Relationship Richness to assess
quality. Proper application of these methods can enhance e-learning systems.



Chen et al. [14] describe KnowEDu, a system that constructs KGs using pedagogical and
assessment data via NLP algorithms, providing a foundation for implementing educational KGs.
This method is relevant to Section 4.

2.2. Text-to-Knowledge graph conversion models

The first step to convert educational material to KG is to convert text to KG, often using a
LLM [15]. Many integrations exist between LLMs and KGs, but these cover only part of the
text-to-knowledge graph process, as seen in the review [7]. Below is an analysis of models that
perform the complete task of moving from text to KG.

Common features and differences are noted in these models. They are evaluated in Zero-Shot,
One-Shot, and Few-Shot scenarios, measuring datasets’ accuracy and semantic relatedness.
Differences lie in the base LLMs, fine-tuning techniques, and specific architectures used. Results
show improvements in some configurations, but there is still room to optimize the accuracy
and efficiency of KG generation.

For instance, in the study by Giglou et al. [16] several models are evaluated on the text to
OWL conversion task in Zero-Shot, including BERT-Large [17], PubMedBERT [18], BART-
Large [19], Flan-T5-Large [20], Flan-T5-XL [20], BLOOM-1b7 [21], BLOOM-3b [21], GPT-3 [22],
GPT-3.5 [23], LLaMA [24] and GPT-4 [25]. These models were tested on the term typing task
using different datasets: WordNet [26], GeoNames [27], NCI [28], SNOMEDCT _US [29] and
MEDCIN [30]. The best results were 91.7 for WordNet [26], but significantly lower for the
other datasets, with scores of 43.3, 16.1, 37.7 and 29.8, respectively, evidencing considerable
room for improvement in the models’ ability for this task. They were also evaluated in the
entity classification task with the GeoNames [27], UMLS [31], and schema.org datasets, showing
scores of 67.8, 78.1 and 74.4, again suggesting considerable room for improvement. Finally, in
the relationship recognition task with the UMLS [31] dataset, a result of 49.5 was obtained,
reflecting once again the need for improvement.

Moreover, the same article presents two tuned models: Flan-T5-Large [20] and Flan-T5-XL
[20], which show remarkable improvements in several datasets of the evaluated tasks. For
example, for the datasets of the first task, the results were improved to 32.8, 43.4 and 51.8.
The results improved to 79.3 and 91.7 in the entity classification task, and in the relationship
recognition task, 53.1 was achieved.

Similarly, in the study by Mihindukulasooriya et al. [32] Vicuna-13B [33] and Alpaca-LoRA-
13B [34, 35] are evaluated in Zero-Shot on the Fact Extraction task using the F1 metric for
different subsets of the Wikidata-TekGen [36] and DBpedia-WebNLG [37] datasets. The best
result for the Wikidata dataset [36] is 0.38 for Vicuna [33] and 0.28 for Alpaca [34, 35] and for
the DBpedia dataset [37] it is 0.3 for Vicuna [33] and 0.25 for Alpaca [34, 35]. As in the previous
case, it is evident that there is much room for improvement.

Furthermore, in the study by Zhu et al. [2], a comprehensive evaluation of Extended Lan-
guage Models (LLMs) such as GPT-4 [25] and ChatGPT[23] in KG construction and reasoning
tasks is performed by experiments on eight datasets and four representative tasks: entity and
relationship extraction, event extraction, link prediction, and question and answer. The results
show that, although GPT-4 achieves an F1 score of 31.03 in relation extraction on DulE2.0 [11]
on zero-shot and 41.91 on one-shot, as well as an F1 score of 34.2 on MAVEN [38] for event



extraction on zero-shot, and a hits@1 of 32.0 on FB15K-237 [39] for link prediction on zero-shot,
these results are improbable.

The paper by Melnyk et al. [8] presents an innovative approach for generating KGs from
text in multiple stages. This approach is divided into two main phases: first, the generation of
nodes using the pre-trained language model T5-large [20] and then the construction of edges
using the information from the generated nodes. This method seeks to overcome the limitations
of traditional graph linearization approaches by breaking the process into manageable and
separately optimizable steps. The model was evaluated on three datasets: WebNLG 2020 [40],
TEKGEN [41] and New York Times [42], obtaining F1 scores of 0.722, 0.707 and 0.918 respectively,
demonstrating its effectiveness. However, it highlights the need for further improvement,
especially in edge generation, to optimize the system’s performance in various applications.

Finally, in the study by Ain et al. [3], embeddings-based methods, such as SIFRank [43] and
SIFRankplus, which is an extension made by the authors, enhanced with SqueezeBERT [44],
achieved an F1-score of 40.38% in keyphrase extraction. In concept weighting, the SBERT-based
[45] strategy achieved an accuracy of 13.9% and an F1-score of 20.6% for the top ten ranked
concepts, superior results to the benchmark models with which they were purchased. Despite
these advances, the results highlight the need to improve the accuracy and performance of the
techniques to ensure the effective construction of KGs.

3. Hypothesis and Objectives

The main hypothesis of the research is that it is feasible to research and develop technologies
that convert teaching materials into KGs and integrate these with large-scale language models.
This integration aims to enhance various education-related natural language processing tasks.

The main objective of the research is to design and implement these technologies, focusing
on the automatic transformation of teaching materials into KGs and their integration with
language models. This will address tasks in education-related natural language processing. To
achieve this objective, the following specific goals are proposed:

« To study the state of the art to identify the most relevant existing solution alternatives in
the domain and the main evaluation resources.

« To investigate and develop technologies that allow the creation of advanced tools based on
language models, designed to language models, designed to convert texts from multiple
disciplines into KGs. This approach will have particular applications in the educational
environment, facilitating efficient capture and organization of knowledge.

« Research and develop technologies that allow the integration of large-scale language
models with previously developed tools to enrich and expand KGs, in addition to and
expand KGs, as well as generate personalized text and answers based on the information
contained in the graphs.

4. Methodology

This section presents an innovative methodology for automatically using an LLM to generate KGs
from educational materials. Existing models like BERT-Large, GPT-4, Vicuna-13B, PubMedBERT,



BART-Large, Flan-T5, BLOOM, GPT-3, GPT-3.5, LLaMA, and Alpaca-LoRA-13B have shown
progress in converting text to KGs but still have significant limitations, as seen in the previous
section. For example, in term typing tasks, scores were 43.3 for GeoNames, 16.1 for NCI, 37.7 for
SNOMEDCT_US, and 29.8 for MEDCIN, compared to 91.7 for WordNet. In entity classification,
the highest scores were 78.1 for UMLS and 74.4 for schema.org. Fact extraction tasks showed
Vicuna-13B scoring 0.38 and Alpaca-LoRA-13B scoring 0.28 on Wikidata-TekGen. These results
highlight the need for new strategies to improve model performance in text-to-KG conversion
in general and particularly in education.

To address these limitations, it proposes a methodology based on creating an expert model in
natural language and KGs, refined to convert learning materials to KGs following a structured
learning object for a guided teaching experience with multimedia content. This includes two
phases: continual pre-training with a large dataset of KGs in OWL, RDF, and similar formats,
and specific fine-tuning with didactic materials. In pre-training, a varied dataset of KGs from
various disciplines trains the model using masking and self-supervised learning, enhancing
its understanding of semantic relationships and hierarchical structures in KGs, improving its
ability to generate coherent and accurate graphs.

Continual pre-training allows the model to become more expert in the domain in which
it is pre-trained [46]; in this case, it is believed that it would involve improved semantic
understanding, training on structured data, flexibility and generalization, reduction of biases,
and leveraging of existing resources.

In the fine-tuning phase, diverse educational materials will be gathered, and their correspond-
ing KGs will be created manually or semi-automatically. This process will require defining a
KG scheme or reusing one already described in the literature that fits the proposed use case.
For this phase, the schemes, and methodologies described in the studies [47] and [14].

Although KGs are not used in [47], it becomes clear that a small amount of domain-specific
data, such as slides and lecture transcripts, can be extremely valuable for building knowledge-
based and generative educational chatbots. Slides are enriched with semantic annotations,
identifying entities such as definitions, quotes, and examples. This enables knowledge-based to
provide accurate and relevant responses by mining directly from this structured data.

Chen et al. [14] describes a system developed to build educational KGs using pedagogical
and learning assessment data automatically. The methods used in this study for extracting
instructional concepts and identifying meaningful educational relationships will provide a solid
foundation for the proposed KG scheme. Integrating these methodologies is expected to improve
the system’s effectiveness in automatically generating KGs from educational materials.

5. Research Issues to Discuss

In the first phase of the research we are currently in, continual pretraining will be performed
on LLaMA3-8b. A dataset with public KGs ranging from 10 to 50GB is being prepared. This
dataset is being characterized based on the themes of the KG and other semantic KG such as the
number of classes, the depth of the KG, the density of relationships, etc., as well as linguistic
metrics like the number of tokens.

Once continual pretraining is completed, the model’s ability to complete OWL code and



perform other NLP tasks, such as those mentioned in the Background and Related Work, will
be evaluated to ensure it has not forgotten natural language. Subsequently, a second phase
of fine-tuning will be conducted for specific semantic tasks such as link prediction, entity
recognition, and KG completion.

After the model has been trained and evaluated on these tasks, it will be instructed to perform
the task of converting educational material into a KG. This will require defining a reference KG
and manually (or semi-automatically) populating it with several examples so that the model
can learn to perform this task during the instruction phase.

Key issues to discuss in this phase include:

1. Dataset Preparation: Ensuring the dataset is diverse and representative of various
domains to avoid bias and enhance the model’s generalization capabilities.

2. Evaluation Metrics: Deciding on appropriate metrics for evaluating the model’s perfor-
mance in OWL code completion and NLP tasks, ensuring comprehensive assessment.

3. Knowledge Graph Definition and Population: Developing a robust and flexible
reference KG and strategies for its manual or semi-automatic population.

4. Instruction Phase Design: Designing an effective instruction phase to train the model
on converting educational materials to KGs, including selecting examples and defining
evaluation criteria.

These discussions will guide the research process, ensuring methodological rigor and the
development of an effective system for converting educational materials into KGs integrated
with large-scale language models.
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